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HE
VARTATION OF ANIMALS AND PLANTS

UNDER DOMESTICATION.

CHAPTER XIL

INHERITANCE.

‘WONDERFUL NATURE OP INHERITANCE — PEDIGREES OF OUR DOMISTICATED ANDIALS
— INHERITANCE NOT DUE T0. CHANCE — TRIFLING CHARACTERS INHERETED —

VARIABILITY, AND BY REVERSION — CONCLUSION,

e subject of inheritance is an immense one, and has been
treated by many authors. One work alone, ‘De Hérédité
Naturelle, by Dr. Prosper Lucas, runs to the length of 1562
pages.  We must confine ourselves to certain points which have
an important bearing on the general subject of variation, both
vith domestic and matural productions. It is obvious that a
variation which s not inherited throws nolight on the derivation
of species, nor is of any service to man, except in tho case of
perennial plants, which can be propagated by buds,

1t animals and plants had never boen domesticated, and wild
ones alone had been observed, we should probably never have
heard the saying, that “like begets like.” The proposition
would have been as self-eyident, as that all the buds on the same
tree are alike, though neither proposition is strictly true. For,
as has often been remarked, probably no two individuals are
D von.m. B
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2 INHERITANCE. Crar. X1l

identically the same. All wild animals recognise cach other,
which shows that there is some difference between them; and when
the eye is well practised, the shepherd knows each sheep, and
man can distinguish a fellow-man out of millions on millions of
other men.  Some authors have gone so far as to maintain that
the production of slight differences is as much a necessary func-
tion of the powers of generation, as the production of offspring
like their parents. This view, as we shall see in a future
chapter, is not theoretically probable, though practically it holds
good. The saying that “like begets like” has in fact arisen
from the perfect confidence felt by breeders, that a superior or
inferior animal will generally reproduce its kind; but this very
superiority or inferiority shows that the individual in question
has departed slightly from its type.

The whole subject of inheritance is wonderful. When a new
character arises, whatever its nature may be, it generally tends
to be inherited, at least in a temporary and sometimes in-a most
persistent manner. What can be more wonderful than that
some trifling iarity, not primordi attached to thy
should be transmitted through the male or female sexual cells,
which are so minute as not to be visible to the naked eye,
and afterwards through the incessant changes of a long course
of development, undergone either in the womb or in the egg,
and ultimately appear in the offspring when mature, or even
when quite old, as in the case of certain diseases? Or again,
what be more wonderful than the well-ascertained fact
that the minute ovule of a good milking cow will produce a
male, from whom a cell, in union with an ovule, will produce
a female, and she, when mature, will have large mammary
glands, yielding an abundant supply of milk, and even milk
of a particular quality? Nevertheless, the real subject of sur-
prise is, as Sir H. Holland has well remarked,' not that a
character should be inherited, but that any should ever fail
to be inherited. In a fature chapter, devoted to an hypothesis
which T have termed pangenesis, an attempt will be made to
show the means by which characters of all kinds are trans-
mitted from generation to generation.

1 ¢ Medieal Notes and Reflections, Srd edit, 1855, p. 267.
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Cuar, XIL INHERITANCE. 8

Some writers? who have not attended to natural history, have
attempted to show that the foree of inheritance has been much
exaggerated. The breeders of animals would smile at such
simplicity; and if they condescended to make any answer,
might ask what would be the chance of winning a prize if two
inferior animals were paired together ? They might ask whether
the half-wild Arabs were led by theoretical notions to keep

ces of their horses? Why have pedigrees been serupu-
lously kept and published of the Shorthom eattle, and more
recently of the Hereford breed ? Is it an illusion that these
recently improved animals safely transmit their excellent, qua-
lities even when crossed with other breeds? have the Short-
horns, without good reason, been purchased at immense prices
and exported to almost every quarter of the globe, a thousand
guineas having heen given for a bull? With greyhounds
pedigrees have likewise been kept, and the names of such
dogs, as Snowball, Major, &e., are as well known to coursers as
those of Eelipse and Herod on the turf. Even with the Game.
cock pedigrees of famous strains were formerly kept, and ex-
tended back for a century. With pigs, the Yorkshire and Cum-
berland breeders “preserve and print pedigrees;” and to show
how such highly-bred animals are valued, I may mention
that Mr. Brown, who won all the first prizes for small breeds at
Birmingham in 1850, sold a young sow and boar of his breed
to Lord Ducie for 43 guineas; the sow alone was afterwards
wold to the Rev. F. Thursby for 65 guineas; who writes,
“she paid me very well, having sold her produce for 3007,
and having now four breeding sows from her.”* Hard cash,
paid down, over and over again, is an excellent test of fn-
herited superiority. In fact, the wholo art of breeding, from
which such great results have been attained during the pre-
sent century, depends on the inheritance of each small

2 Mr. Buclde,in his grand work on
* Civilisation, expresses doubts on th
subject owing to the want of statistis,
See also Mr. Bowen, Professor of Moral
Philosophy, in * Proc. American Acad.
of Sciences,” vol. v. p. 102,

3 For greyhounds, sce Low's  Domest,

Animals of the British Tslands, 1845,
P 2L For gumefowls, se ¢ The
Poulry Book, by Mr. Tegotmeier,
1866, p. 128. For pigs, sce Mr. Sidney's
edit, of *Yountt on the Pig,’ 1860, pp,
1,22

D2
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4 INHERITANCE, Cuuar, XI1,

detail of structure. But inheritance is ot certain; for if it
were, the breeder’s art* would be reduced to a certainty, and
there would be little scope left for all that skill and perse-
verance shown by the men who have left an enduring monu-
ment of their success in the present state of our domesticated
animals.

Tt is hardly possible, within a moderato compass, to impress
on the mind of those who have not attended to the subject, the
full conviction of the force of inheritance which is slowly acquired
by zearing animals, by studying the many treatises which have
been published on the various domestic animals, and by con-
versing with breeders. I will select a few facts of the kind,
which, as far as I can judge, have most influenced my own mind,
With man and the domestic animals, certain peculiarities have
appeared in an individual, at rare intervals, or only once or twice
in the history of the world, but have reappeared in several of the
children and grandchildren. Thus Lambert, “the porcupie-
man,” whose skin was thickly covered with warty projections,
which were periodically moulted, had all his six children and
two grandsons similarly affected? The face and body being
covered with long hair, accompanied by deficient teeth (to
which I shall hereafter refer), occurred in three successive
generations in a Siamese family; but this case is not unique,
as a woman® with a completely hairy face was exhibited in
London in 1663, and another instance bas recently occurred.
Colonel Hullam lus described o aco of two-logged pigs,  ho
hinder extremities being entirely wanting ;" and this deficiency
was transmitted through thrce gcncmtlons In fact, all races

resenting an such as solid-hoofed swine,
Mauchamp sheep, niata o8 ks Tinlies ot Long-
continued inheritance of rare deviations of structure.

When we reflect that cortain extraordinary peculiarities have

¢The Stud Farm,' by Cecil, p. tho males alone.

s ‘l"hdnmphxm! Teaniactioon: l'ln.;, ¢ Barbura Van Beck, figured, as Tam
. 25, T have seen only second-hand  informed by the Rev. W. D. Tox, in
accounts of the two grandsons. Mr.  Woodburm's ¢ Gallery of Rare Portraits,”
Sedgwick, in o paper 10 which I shall 1816, vol.
hereafter often refer, states that four 7 ¢Proc. Zoolog, Soc.; 1835, p. 16.
generations were affected, and in cach
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thus appeared in a single individual out of many millions, all
exposed in the same country to the same general conditions
of life, and, again, that the sume extraordinary peeuliarity has
sometimes appeared in_individuals living under widely different
conditions of life, we are driven to conclude that such peculia-
rities are not directly due to the action of the surrounding con-
ditions, but to unknown laws acting on the organisation or
constitution of the individual ;—that their production stands in
hardly closer relation to the conditions than does life itself.
If this be so, and the occurrence of the same unusual character
in the child and parent cannot be attributed to both having
been exposed to the same unusual conditions, then the following
problem is worth consideration, as showing that the result
cannot be due, as some authors have supposed, to mere coin-
cidence, but must be consequent on the members of the same
family inheriting something in common in their constitution.
Let it be assumed that, in a large population, a particular
affection occurs on an average in one out of a million, so
that the & priori chance that an individual taken at random
will be so affected is only one in a million. Let the popula-
tion_consist of sixty millions, composed, we will assume, of ten
million families, each containing six members. On these data,
Professor Stokes has caleulated for me that the odds will be no
less than 8: millions to 1 that in the ten million families
there will not be even a single family in which one parent.
and two children will be affected by the peculiarity in ques-
tion. But numerous cases could be given, in which several
children have been affected by the same rare peculiarity with
one of their parents; and in this case, more especially if the
grandehildren be included in the calculation, the odds against
mere coincidence become something prodigious, almost beyond
enumeration.

Iu some respects the evidence of inheritance is more striking
when we consider the reappearance of trifling peculiaritios. Dr.
Hodgkin formerly told me of an English family in which, for many
gencrations, some members had a single lock differently coloured
from the rest of the hair. I knew an Irish gentleman, who,
on the right side of his head, had a small white lock in the
midst of his dark hair: he assured me that his grandmother had
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E. Ciar, XIL

a similar lock on the same side, and his mother on the opposite
side. But it is superfluous to give instances; every shade
of expression, which may often be seen alike in parents
and children, tells the same story. On what a curions com-
bination of corporeal structure, mental character, and training,
must handwriting depend ! yet every one must have noted the
occasional close similarity of the handwriting in father and son,
although the father had not taught his son. A great collector
of franks assured me that in his collection there were several
franks of father and son hardly distinguishable except by their
dates. Hofacker, in Germany, remarks on the inheritance of hand-
writing; and it has even been asserted that English boys when
taught o write in France naturally cling to their English manner
of writing* Gait, gestures, voice, and general bearing are all
inherited, as the illustrious Hunter and Sir A. Carlisle have
insisted? My father communicated to me two or three striking
instances, in one of which a man died during the early infancy
of his son, and my father, who did not see this son until grown
up and out of health, declared that it scemed to him as if Lis cld
friend had risen from the grave, with all his highly peculiar
habits and manners. Peculiar manners pass into tricks, and
soveral instances could be given of their inheritanco; as in tho
case, often quoted, of the father who generally slept on his back,
with his right leg crossed over the left, and whose danghter,
whilst an infant in the cradle, followed exactly the same habit,
though an attempt was made to cure her® T will give one
instance which has fallen under my own observation, and which
is curious from being a trick associated with a peculiar state of
mind, namely, pleasurable emotion, A bhoy had the singular
habit, when pleased, of rapidly mo¥ving his fingers parallel to each
other, and, when much excited, of raising both hands, with
the fingers still moving, to the sides of his face on a level with
the eyes; this boy, when almost an old man, could still hardly
Tesist this trick when much pleased, but from its absurdity
concealed it. He had eight children. Of these, a girl, when

® Hofucker, *Uber die Figenschat-  «Med. Rescarches, p. 530. Sir A. Car-

tony e, 182854, Report by Purict il L. Tranuo, 1814, p- 3

in ¢ Comptes Rendus, 1847, p. 592 " Girou do Buzrcignuces, ‘Do 1a
* Hunter, s quoted in Horlan's Gcnﬂmmn,’ P-282.
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Cuar. XIL INHERITANCE. f

pleased, at the age of four and a half years, moved her fingers
in exactly the same way, and what is still odder, when much
excited, sho raised both her hands, with her fingers still moving,
to the sides of her face, in exactly the same manner as her
father had done, and sometimes even still continued to do when
alone. T never heard of any one excepting this one man and his
little daughter who had this strange habit; and certainly imita-
tion was in this instance out of the question.

Some writers have doubted whether those complex mental
attributes, on which genius and talent depend, are inherited,
even when both parents are thus endowed. But he who will
vead Mr. Galtow’s able paper™ on hereditary talent will have his
doubts allayed.

Unfortunately it matters not, as far as inheritance s con-
cerned, how injurious a quality or structure may be if compatible
with life. No one can read the many treatises™ on hereditary
disease and doubt this. The ancients were strongly of this
opinion, or, as Ranchin expresses it, Omnes Graci, Arabes, et
Latini in oo consentiunt. A long catalogue could be given
of all sorts of inherited malformations and of predisposition
to various diseases. With gout, fifty per cent. of the cases
observed in hospital practice are, according to Dr. Garrod,
inherited, and a greater percentage in private practice. Every
one knows how often insanity runs in families, and some of
the cases given by Mr. Sedgwick are awful,—as of a surgeon,
whose brother, father, and four paternal uncles were all insane,
the latter dying by suicide; of a Jew, whose father, mother, and
six brothers and sisters were all mad; and in some other cases
several members of the same family, during three or four suc-
cessive generations, have committed suicide.  Striking instances

2 <Maciln's Magusney Juy and Do L dans s Ml 1640.
August, 18¢ dams, A Philosophical Treatiso on

e works xhich ity zo e e Peculinsitios, 2nd  odit,
1815, Essay on ‘Heroditary Discuscs,’
by Dr. J. Steinan, 1843, See Poget, in
“Medical Times, 1857, p. 192, on the

tiah and Forgn Modio cx.,m.g
Teview, April and July, 1861, and

April und July, 1863: Dr. Garrod
Gout is quoted in these articles, Sir
Henry Holland, “Medica

Reflections,’ 3rd edit,, 1835 Piorry,
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8 INHERITANCE. Ciar, XII,
have been recorded of epilepsy, consumption, asthma, stone
in the bladder, cancer, profuse bleeding from the slightest in-
juries, of the mother not giving milk, and of bad parturition
being inberited. In this latter respect I may mention an odd
case given by a good observer® in which the fault lay in the
offspring, and not in the mother: in a part of Yorkshire the
farmers continued to select cattle with large hind-quarters, until
they made a strain called “ Dutch-buttocked,” and “ the mon-
strous size of the buttocks of the calf was frequently fatal to the
cow, and numbers of cows were annually lost in calving.”

Tnstead of giving numerous details on various inherited malformations
and diseases, T will confino myself to one organ, that which is the most
comples, delicate, and probably best-lnown in the human frame, namely,
the eye, with its accessory parts. To bogin with tho latter: I have heard
of a family in which parents and children were affected by drooping eye-
Jids, in so peculiar & manner, that they could not sco without throwing
their heads backwards ; and Sir A. Carlisle™ specifies a pendulous fold to
eyl el In &l e B Hulhmd 2 whero tho
father had a the upper

wero born with the same deformity; two or T A
it mot” Many persons, as I hear from Mr. Pagot, have two or three of
the hairs in their eyebrows (apparently corresponding with the vibrisss
of the lower animals) much longer than tho others; and oven o triling
4 peculiarity as this certainly runs in familics.

With respect to tho oyo itself, tho highest authority in England, Mr.
Bowman, has been 5o kind as to give me the following remarks on certain
inberited imperfections. - First, hypermetropia, or morbidly long sight: in
this affection, the organ, instead of being spherical, is too flat from front
10 back, and is often altogether too small, so that the retina is brought
100 forward for the focus of the humours; consequently a convex glass
it roquired for clear vision of near objocts, and frequently oven of distant
ones. This state occurs congenitally, or at & very carly age, often in
several children of the same family, where one of the parents has prosented
it Secondly, myopia, or short-sight, in which the eye is ege-shaped
and too long from front to back; the retina in this caso lics behind the
foens, and js thereforo fitted to sco distinetly only very near objects.
condition s not commonly congenital, but comes on. in youth, the Lability
to it being well known to bo transmissible from parent to child. Tho
chango from the spherical to tho ovoidal shapo scoms tho immodiate cn-

1 Mardill, ookl by Youott in e
work on Ctle . 4
soph.  Transic,

1814, p.

ot
i ‘Mulmnl Notes and Reflections,”
30l edit,,

" Tl hoion an .ot

Mr. Bowman, has been ably describol
and spoken of as heredi

Donders, of Utrecht, whose wa
published in Lnglul. by the sydcnh-m
Socicty in 1
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Cuae, XIL INHERITANCE. 9

sequence of something liko inflammation of the coats, under which they
vield, and_there is ground for believing that it may often originate in
causes acting dircetly on the individual affected, and may thenceforward
become transmissible.  When both parents are myopic Mr. Bowman has
observed the hereditary tendency in this direction to be heightened, and.
some of the children to bo myopic atan earlier age or in a'higher degree
than their parents. Thirdly, squinting is a familiar example of hereditary
transmission : it is frequently a esult of sueh optical defects as have been
above mentioned; but the moro primary and uncomplicated forms of it
aro also sometimes in a marked degree transmitted in a family. Fourthly,
Caturact, or opacity of the erystallino lens, is commonly observed in
persons whose parents have been similarly affected, and often at an earlior
age in the childron than in tho parents. Occasionally moro than one child
in a family is thus aflicted, one of whose parents or other relation presents

senilo form of the complaint. When cataract affects several members of
a family in the same gencration, it is often seen fo commence at about tho
same age in each; ¢g., in one fumily several infants or young persons may
sufter from it; in another, several persons of mi Mr. Bowman also
informs me that he has occasionally seen, in several members of the samo
family, various defeets in either the right or left eye; and Mr. White Cooper
Tias often seen peculiarities of vision confined o one eye reappearing in
the same eye in the offspring”

The v e Sl SR R
and from Dr. Prosper maurosis, either congenital or coming on
Iate in life, and uz\hn@ tofal blindnoss, is often inherited ; it has been.
observed in three successive generations. - Congenital absence of the iris has
likewiso oen transmitted for threo generations, u cleft-iris for four gene-
rations, beinglimited in this latter case to the males of the family. Opacity
of tho cornea and congenital smallnoss of the eyes have been inherited.
Tortal records a curious case, in which a father and two sons wero rendered
bind, whenevee tho boad was bent dowiomads, spparently owiag o tho
erystalline lens, with its eapsule, slipping through an unusually largo pupil
into the anterior chamber of the eye. Day-blinduoss, or imperfect vision
under a bright light, is inherited, as is night-blindness, or an incapacity to
seo except under a strong light: a caso has boen reconded, by M. Cunier, of
this latter defect having affeeted eighty-five members of tho same family
during six generations. ~ The singular ncapacity of distinguishing colors,
which hns been ealled Daltonism, s notoriously hereditary, and has beer,
traced throvgh fve generaions, in whi it was eoutied o the female

o.

\Vxﬂ.\ respect to the colour of the iris: deficiency of colouring matter is
well known to be hereditary in albinoes. The iris of one eye being of
a different; colour from that of the other, and the iris being spotted, aro
cases which havo been inhorited.  Mr. Sedgwick gives, in addition, on the

¥ Quoted by Mr. Herbert Spencer,  Chirurg. Review,” April, 1861, pp. 452-
© Principles of Biology, vol. i. p.244. 6 *IHerél Nt tom. . pp. 391408,
s “British and Foreign Medico-
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10 INHERITANCE. Citap, XIL
authority of Dr. Osborne the fo!lnwm" curious instance of sm,m; i
heritance: a family of sixteen sons and fivo daughters all had ¢
“resemibling in minatur tho Taarkings an tho back of o fotoissbat atr
Tho mother of this large family had threo sisters and a brother all similarly
marked, and they derived this peculiarity from their mother, who belonged
toa fn notorious for transmitting it to their posterity.

ly, Dr. Lucas emphatically remarks that there is not one single
faculty of the eyo which is not subject to anomalics; and not one which is
Dot subjected to the principle of inheritance. Mr. Bowman agrees with
the general truth of this proposition; which of course does not imply that
all malformations are necessarily inherited; this would not even follow
if both parents were affected by an anomaly which in most cases was
transmissible.

Even if no single fact had been known with respect to tho
inheritance of disease and malformations by man, the evidence
would have been ample in the case of the horse. And this
might have been cxpected, as horses breed much quicker than
man, are matched with care, and are highly valued, I
have consulted many works, and the unanimity of the belief by
veterinaries of all nations in the transmission of various morbid
tendencies issurprising. ~Authors, who have had wide experience,
give in detail many singular cases, and assert that contracted
feet, with the numerous contingent evils, of ring-bones, curbs,
splints, spavin, founder and weakness of the front legs, roaring
or broken and thick wind, melanosis, specific ophthalmia, and
blindness (the great French veterinary Huzard going so fur
as to say that a blind race could soon be formed), crib-biting,
jibbing, and ill-temper, are all plainly hereditary. Yonat sums
up by saying “thero is scarcely a malady to which the horse
is subject which is not hereditary;” and M. Bernard adds that
the doctrine « that thero is scarcely a disease which does not
run in the stock, is gaining new advocates every day.’® S0t

2 Dr. Osborne, Prs.ofRoya Gallgo land, v, v p. 511, *Tncycop.of
s, in Ireland, published this caso  Rural Sports; p. 215, i
& Llle *Dublin Medical Joural” for _ rigues, *Philosoph. Pl p, 215

See filloving s The Nter
nary:* Roberls, in vl. -
Marrimpoey, vol.

o Thi vt e s ks
o 0 R kAl ap
o

Youatt on *The Horse,’ pp. 35, 220.
hwmnte,"‘he][mu. p-30. Karkeek,
in an cxellent paper in+Gard. Oro-

1853, p. 92 Mr. Burke, in
S Agricul. Soc. of Eng-

ook ol i. p. 5 Yount o Galtrein
Dogs, vol. v. p. 453; Yousit in vol.

Poro, B8, Al
P. 589 Dr. Samesreutber, on Catile, in
Vol i p. 181 Tereivall n vol. i
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Cuar. XIL INHERITANCE. 11

is in regard to cattle, with consumption, good and bad teeth,
fine skin, &c, &e. But enough, and more than enough, has
been said on disease. Andrew Knight, from his own experience,
asserts that disease is hereditary with plants; and this assertion
is endorsed by Lindley

Seeing how hereditary evil qualities are, it is fortunate that
good health, vigour, and longevity are equally inherited. It
was formerly a well-known practice, when aunuities were pur-
chased to be received during the lifetime of a nominee, to
search out a person belonging to a family of which many
members had lived to extreme old age. As to the inheritance
of vigour and endurance, the English race-horse offers an
excellent instance, Eelipse begot 334, and King Herod 497
wimners. A “cocketail” is @ horse not purely bred, but with
only one-eighth or one-sixteenth impure blood in his veins, yet
very few instances have ever occurred of such horses having won
a great race. They are sometimes as fleet for short distances as
thoroughbreds, but as Mr. Robson, the great trainer, asserts,
they are deficient in wind, and cannot keep up the pace. Mr.
Lawrence also remarks, “ perhaps no instance has ever occurred
of a three-part-bred horse saving his ¢ distance’ in running two
miles with thoroughbred racers” It has been stated by Cecil,
that when unknown horses, whose parents were not celebrated,
have unexpectedly won great races, as in the case of Priam,
they can always be proved to be descended on both sides, through
many generations, from first-rate ancestors. On the Continent,
Baron Cameronn challenges, in a German veterinary periodical,
the opponents of the English race-horse, to name one geod
horse on the Continent which has not some English race-blood
in his veins

‘With respect to the transmission of the many slight, but in-

P47 With sespect to blindness in = Theso statemonts are faken from
horses, see alxo a whalo row of authori-  the following works in o it
ties in Dr. P. Lucas's great work, tom. on * The Horse, p. 4
e 309, M. Buker n o Veteri- *Tho Veterinary, vol. vii. p.50. Witk
P. 721, gives o strong  respect to Robson, see  The Veterinary,

Gas of heroliny impectn viom sosl 0L 1 . 5801 A Lawenso o Toe
ibb Hone,' 1620, . 9; + ho Siad Fom,’

B Kight on “Tho Culure of u.t by Oeel, 1851 Camerou,
Applo and Pear,” p. 88 Lin quod T b s »
Hatioutare, p. 160,
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12 INHERITANCE. Car, XII,

finitely diversified characters, by which the domestic races of
animals and plants are distinguished, nothing need be said; for
the very existence of persistent Taces proclaims the power of
inheritance.

A few special cases, however, deserve some consideration. It
might have been anticipated, that deviations from the law of
symmetry would not have been inherited. But Anderson® states
that a rabbit produced in a litter a young animal having only
one ear; and from this animal a breed was formed which
steadily produced one-cared rabbits. He also mentions a bitch,
with o single leg deficient, and she produced several puppies
with the same deficiency. From Hofacker’s account? it appéars
that a one-horned stag was seen in 1781 in a forest in Germany,
in 1788 two, and afterwards, from year to year, many were
observed with only one horn on the right side of the head.
A cow lost a horn by suppuration® and she produced three
calves which had on the same side of the head, instead of a
horn, a small bony lump attached merely to the skin; but
we here approach the doubtful subject of inherited mutilations.
A man who is left-handed, and a shell in which the spire turns
in the wrong direction, are departures from the normal though
asymmetrical condition, and they are well known to be inherited.

Palydactylisn.—Supernumerary fingers and tocs aro eminently liable, o5
~arious authors have insisted, to transmission, but they are noticed here
chicfly on_account of their oceasional egrowth after amputation. Poly-
dactylism graduates™ by multifarions s{qu from a mere cutaneous ap-
pendage, not including any bone, to a double hand. But an additional
digit, supported on a metacarpal bone, and farnished with all the proper
‘museles, nerves, and vessels, is sometimes so perfoct, that it cscapes detec-
tion, unless the fingers are actually counted. Occasionally there are
several supernumerary digits; but usually only one, making the fotal
number six. This one may represent either a thumb or finger, being
attached to the inuer or outer margin of the hand. Generally, through
the law of correlation, both hands and feet are similarly affected. 1 have
tabulated the cases recorded in various works or privately communicated

@ ¢ Recreations in Agriculture and  * Vrolik has discussed this pointat
Nat. Hist,’ 6. full length in a work published in Dateh,
* < Ueha igenschaften, &c., from which Mr. Paget hos kindly trans-
1628, 5. 107. Tuted for mo passages.  See, also, Isidore
* Broun's * Geschichte der Natur, Geoffroy St. Hilaire's *Hist. des Ano-
Band i. 5. 12, ‘malies; 1832, tom. i. p. 631,
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Cirar, XIL INHERITANCE. 13
to me, of forty-six persons with extra digits on one or both hands and
foet; if in each caso all four extremities had boen similarly affocted, the
table would have shown a total of ninety-two hands and ninety-two feet
cach with six digits. As it is, seventy-threo hands and soventy-five fect
were thus affected. This proves, in contradiction to the result arrived at
by Dr. Struthers,? that the hands are not more froquently affected than
the feet,

The presenco of moro than five digits is a great anomaly, for this num-
ber is not normally exceeded by any mammal, bird, or existing reptile.®
Nevertheless, supernumerary digits aro strongly inherited; they have
been transmitted throvigh five generations; and in some cases, after
disappearing for ono, two, or even three generations, havo reappeared
through reversion. These facts are rendered, as Professor Huxley has
observed, more remarkable from its being known in most cases that
the affected person had not married one similarly affected. In such cases
the child of the fifth generation would haye only 1-32nd part of the blood
of his first sedigitated ancestor. Other cases are rendered remarkable
by tho affection gathering force, truthers has shown, in each
eneration, thovigh in each tho affcted person had marrid one nof affcted;
‘moreover such ac often amputated soon after bmh, :Lml
can seldom have been byuse. D
instance: in the first generation an additional digit appearcd on one hand;
in the second, on both hands; in the third, three brothers had both hands,
and one of the brothers a foot affected ; and in the fourth generation all
four limbs were affected. Yet we must not over-estimate the force of
inheritance. Dr, Struthers asserts that cases of non-inheritance and of the
first appearance of additional digits in unaffected families are much more
frequent than cases of inheritance. Many other deviations of structure,
of a nature almost as anomalous as supernumerary digts, such as deficient
Phalanges, thickened joints, erooked fingers, &c., aro in like manncr strongly
inherited, and are equally subject to intermission with reversion, though
in such cases thero is 10 reason to suppose that both parents lad been
similarly affocted.

= «Edinburgh New Phil. Journal,’
i, 1808,

2 Somo great anatomists, a8 Cuvier
and Med(d Tildre tt 1o ubene
on one side of the hinder foot of the
{ailess Batachians repessents . sixth

ertainly, when the inder foo
foad, 15 soon aa it first st
el tadpole is dissected,

(Untersuchung zur  ver.
i, anat, der Wirbelthicro: G
e Tarsus, 1561, 5. 63), coneluden hat
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Additional igits have been observed in negroes as well as in other raccs
of man, and in soveral of the lower animals. ~Six focs have heen describod
on the hind feet of the newt (Salumandru cristata), and, us it is said, of
tho frog. Tt deserves motico from what follows, that, the six-toed e,
though adult, had preserved some of its larval characters; for part of the
hyoidal apparatus, which is properly absorbed during the act of mety.
morphosis, was retained. Tn the dog, six toes on the hinder feet have beey
transmitted through three generations; and I have heard of a race of siy-
toed cats. In several breeds of the fowl the hinder toe is double, and js
generally transmitted truly, as is well shown when Dorkings are crossed
with common four-tood breeds®  With animals which have properly
less than fivo digits, the number is sometimes increased to five, especially
in the front legs, though rarely carried beyond that number; but this
is due to the development of a digit already existing in a moro or less
rudimentary state. Thus the dog has properly four toes behind, but in
the larger breeds a fifth toe is commonly, though not perfectly, deve-
loped. Horses, which properly have one toe alone fully developed with
rudiments of the others, have been deseribed with each foot ‘bearing
two or three small separate hoofs : analogous facts have been noticed with
sheep, goats, and pigst

“The most interesting point with rospect to supernumerary digits is their
occasional regrowth after amputation. - Mr. White® deseribes a.child, threo
‘years old, with a thumb double from the first jont. He removed the lesser
thrumb, which was furnished with a nail; but to his astonishment it grew
again, and reproduced a mail. The child was then taken to an eminent
London surgeon, and. the newly-grown thumb was wholly removed by its
socket-joint, but again it grew and reproduced a nail. Dr. Struthers men-
tions a case of partial regrowth of an additional thumb, amputated when
the child was three months old; and the lafo Dr. Falcorer communieated
to me an analogous case which had fallen under his own observation.
A gentleman, who first called my attention to this subject, has given
me the following facts which occurred in his own family. He himself,
two brothers, and a sister were born with an extra digit to each extremity.
His parents were not affected, and thero was no tradition in the family,
or in the villago in which the family had long resided, of any membir
having been thus affected. Whilst a child, both additional toes, which
‘were attached by bones, were rudely cut off; but the stump of one grew
again, and a second operation was performed in bis thirty-third year.

On the inheritance o ofher anomalies in
the extremities, see Dr. H. Dobell, in vol.
lvi. of* Medico-Chirurg. Transactions,
1863; also Mr. Sedgwick, in op. cit,
April, 1863, p. 460. With respect to
additional digits in_the negro, see
Prichard, ¢ Physical History of Man-
Kind?  Dr. Dicflenbach (‘Journ. Royal
Goograph.  Soc.,’ 1841, p. 208) says
this anomaly is not wneomzon with the

Tolynesians of the Chatham Iilands.
@ “Tho Poultry Ohronicle, 1854, p.
5.
5 Tho statements in this paragriph
aro taken from Isidore Geoflroy Bt
Hilnire, *Hist, des Anomalies, tom. i
PP. 685693,

= As quoted by Carpentar, ‘Prine.
of Comp. Physiology,” 1834, p. 450.
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Cuse. NI, INHERITANCE. 15

Ho has had fourteen children, of whom three have inherited additional
digits; and ono of them, when about six weeks old, was oporated..on by
an eminent surgeon. The additional finger, which was attachod by bong
to the outer side of the hand, was removed at the joint; the wound
healed, but immediately the digit began growing; and in about thres
months’ time the stump was removed for the second time by the root.
But it has since grown again, and is now fully a third of an inch in
length, including a bone; so that it will for the third timo have fo be
operated on.

Now the normal digits in adult man and other mammals, in birds, and,
as T bolieve, in true reptiles, have no power of regrowth. The nearest
approach to this power is exhibited by the occasional reappearance in man
of imperfect nails on the stumps of his fingers after amputation® But
man in his embryonio condition has a considerable power of rproduc-

cut off in the womb by bands of false membrane, and which had grown
again to a certain extent. In one instance, the extremity was * divided
into three minute nodules, on two of which small points of nails could he
detected;” so that these nodules clearly represented fingers in process of
rogrowth. When, however, wo descend to the lower vertobrato classes,
at as ropresenting the higher classes in their

embryonic condition, we find amplo powers of regrowth.  Spallanzan
cut off the logs and tail of a salamander six times, and Bounet cight
times, succcssively, and thoy wer reproduced.  An additional digit beyond.
the proper number was occasionally formed after Bonnet had cut offor bad
divided longitudinally the hand or foot, and in ono instance three additional
digits wore thus formed® These latter cases appear at first sight quito
stinct from the congenital production of additional digits in the higher
animals; but theorctically, as we shall seo in a future chapter, they pro-
bably prescnt no real difference. The larv or tadpoles of the failless
Batrachions, but ot the adults are capable of roproducing. lost
members Lastly, as I have been informed by Mr. J. J. Briggs and My.
F. Buckland, when portions of tho pectoral and tail fins of various fresh.

5
1
E
H

Teiller's Phys., Eng. translat, vol. ¥ 8o with insects, the larsm ro.
i 1888, p407. A thrush, howerver, was produco lost limbe, but, cxeept in onp
i order, the maturo insect has no such

at Mull, in 1835, which had lost its power. But the Myriapods, which a
i L parently represent tho larvae of true

had been thrice reproduced : T presuung seots, have, as Newport has shown,
iscase. power until their last moult. See an

of Medical excellent discussion on this wholo
o Teoinburgh, 1845, now series,  subjct by Dr. Carpenter in bis * rino,

vol. 1854, p. 479.
5 ¢An Esay on Animal Reproduc- . Giinther, in Owen's ¢ Anatomy
tiog, trana. by Dr. Matey, 1769, .70, of Vertobmaes) va, 1, 1860, p. 40
> Bonnet, ‘Cuvrss d'Hist Nat,' Spallananns has made similar choerva:
tom, ., part ., 4to, edit, 1781, pp. 343, tions,
350; 333,
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16 INHERITANCE. Crae, X1,

water fish are cut off, they are perfectly reproduced in about six wecks'
time.

From these several facts we may infer that supernumerary
digits in man retain to a certain extent an embryonic condi-
tion, and that they resemble in this respect the normal digits
and limbs in the lower vertebrate classes. They also resemble
the digits of some of the lower animals iu the number exceeding
five; for no mammal, bird, existing reptile, or amphibian (unless
the tubercle on the hind feet of the toad and other tailless
Batrachians be viewed as a digit) has more than five; whilst
fishes sometimes have in their pectoral fins as many as twenty
metacarpal and phalangeal bones, which, together with the bony
filaments, apparently represent our digits with their nails, So,
again, in certain extinct reptiles, namely, the Ichthyopterygia,
“the digits may be seven, eight, or nine in number, a significant
mark,” says Professor Owen, * of piscine affinity.”*

We encounter much difficulty in attempting to reduce these
various facts to any rule or law. The inconstant number of
the additional digits—their irregular attachment to either the
inner or outer margin of the hand—the gradation which can
be traced from a mere loose rudiment of a single digit to o
completely double hand—the occasional appearance of addi-
tional digits in the salamander after a limb has been ampu-
tated—these various facts appear to indicate mere fluctuating
monstrosity; and this perhaps is all that cay be safely said.

-y digits in the higher animals, from
their power of regrowth and from the number thus acquired
exceeding five, partake of the nature of the digits in the lower
vertebrate animals;—as they occur by no means rarely, and are
transmitted with remarkable strength, though perhaps not more
strongly than some other anomalies; —and as with animals
which have fewer than five digits, when an additional one
appears it is generally due to the development of a visible
rudiment ;—we are led in all cases to suspect, that, although 1o
actual rudiment can be detected, yet that a latent tendency to
the formation of an additional digit exists in all mammals, in-
eluding man. On this view, as we shall more plainly see in the

# «On the Anatomy of Vertcbrates,” 1866, p. 170 : with respect to the peetorsl
fins of ishes, pp. 106-168.
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next chapter when discussing latent tendencies, we should have
to ook at the whole case as one of reversion to an enormously

remote, lowly-organised, and multidigitate progenit

T may here allude to a class of facts closely allied to, but
somewhat different from, ordinary cases of inheritance. Sir H.
Holland ** states that brothers and sisters of the same family
are frequently affected, often at about the same age, by the
same peculiar disease, not known to have previously oceurred in
the family. He specifies the occurrence of diabetes in threo
brothers under ten years old; he also remarks that children of
the same family often exhibit in common infantile diseases the
same peculiar symptoms. My father mentioned to me the case
of four brothers who died between the ages of sixty and seventy,
in the same highly peculiar comatose state. An instance has
already been given of supernumerary digits appearing in four
children out of six in a previously unaffected family. Dr.
Devay states ™ that two brothers married two sisters, their first-
cousing, none of the four nor any relation being an albino;
but the seven children produced from this double marriage were
all perfect albinoes. Some of these cases, as Mr. Sedgwick
has shown, are probably the result of reversion to a remote
ancestor, of whom no record had been preserved; and all these
cases are so far directly connected with inheritance that no doubt
the children inherited a similar constitution from their parents,
and, from being exposed to nearly similar conditions of life, it
is not surprising that they should be affected in the same manner
and at the same period of life.

Most of the facts hitherto given have served to illustrate the
force of inheritance, but we must now consider eases, grouped as
well as the subject allows into classes, showing how feeble, capri-
clous, or deficiont the power of inheritance sometimesjs. When
a new peculiarity first appears, we can never predict whether it
will be inherited. If both parents from their birth present

4 ¢Medical Notes and Reflections,  sanguins,’ 2nd edit., 1862, p. 103.
1899, pp. 24, 84, S, alm, Dr, P, B nd Forcign  Medico-
Tucas, I

Clhirurg. Roview, July, 1863, pp. 153,
189,

a .’ tom. ii. . 35,
““Du Danger des Mariages Con-
VOL. 11, <
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18" INHERITANCE, Cuuse, XIL

the same peculiarity, the probability is strong that it will be
transmitted to at least some of their offspring. We have scen
that variegation is transmitted much more fecbly by seed
from a branch which had become variegated through bud-
variation, than from plants which were variegated as seed-
lings. With most plants the power of transmission notorionsly
depends on some innate capacity in the individual: thus Vil
morin® raised from a peculiarly coloured balsam some seed.
lings, which all resembled their parent; but of these seedlings
some failed to transmit the new character, whilst others trans.
‘mitted it to all their descendants during several successive gene-
rations. 8o again with a variety of the rose, two plants alone
out of six were found by Vilmorin to be capable of transmitting
the desired character.

The weeping or pendulous growth of trees is strongly inherited in soma
cascs, and, without any assignable rcason, focbly in other cases. I have
selected this character as an instanco of eapricious inheritance, because it
is certainly not proper to the parent-species, and because, both sexes
being borme on the samo troe, both tend to transmit the same character.
Bven supposing that there may have been in some instances crossing with
adjoining trees of tho same species, it is ot probablo that all the seed-
lings would have been thus affected. At Moccas Court there is a famous
weoping oak; many of its branches “are 30 fect long, and no thicker in
any part of this length than a common rope:” this tree transmits its weep-
ing charaoter, in a greater or less dogreo, to all its sccdlings; some of tho
young oaks being so flexiblo that they have to be supported by props;
others not showing the weeping tendency till abont twenty years okl
Mr. Rivers fertilized, as he informs me, the flowers of a new Belgian
‘weeping ith pollen f imson not-weeping
variety, and three young trees, “ now-six or seven years old, show a decided.
tendency to bo pendulons, but a8 yet are not so much 50 as the mother-
plant” ~ According to Mr. MacNab,® seedlings from a magnificent weeping
birch (Betula alba), in the Botanic Garden at Edinburgh, grew for the frst
ten or fifteen years upright, but then all became weepers like their parent.
A peach with pendulous branches, like those of the weeping willow, has
een found capable of propagation by sced.# Lastly, a weeping and almost
‘prostrate yew (Ziuzus bacoata) was found in a hedge in Shropskiro; it vas
& male, but one branch bore female flowers, and produced. berries; these,

 Verlot, “La Production desVariétés,”  * Verlot, ‘Ta Product. des Varidtés”
1
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Cuar. XIL INHERITANCE, 19

being sown, produced seventeen trees, all of which had exactly the same
‘peculiar habit with the parent-tree.”

Those facts, it might have been thought, would have been sufficient
to render it probable that a pendulous habit would in all casos bo
striotly inherited. But let us look to the other side. Mr. MacNab'
sowel seods of the weaping booch (Fugus sylvatica), but succceded in aising
only common boeches. Mr. Rivers, ab my roquest, raised o number of
scedlings from threo distinet varieties of weeping elm; and at least ono

f the parent-trocs was 5o situated that it could not have been crossed by
any other clm; but none of the young trecs, now about a foot or two i
height, show tho least signs of weeping. ~Mr. Rivers formerly sowed abovo
twenty thousand seeds of the Weeping ash (Fruzinus excesior), and not a
singlo seedling was in tho least degree pendulous: in Germany, M. Borehe.
meyer raised a thousand seedlings, with the samo result. Novertheless,
Alr. Anderson, of the Chelsen Botanic Garden, by sowing seed from a weeping.
ash, which was found before the year 1780, in Cambridgeshire, raised soveral

from a femalo woeping ash in the Botanic Garden at Cambridge were st
first u little pendulous, but afterwards becamo quite upright it i probable
that this lnfter troe, which transmits to & certain extent its pendulous
habit, as derived by a bud from the sume original Cambridgeshire
stock; whilst other weeping ashes may havo had o distinct origin.  But
the crowning case, communicated to me by Mr. Rivers, which shows how
capricious is the inheritance of a pendulous habit, is that a variety of
another specics of ash (I lenticifulia) which was formerly pendulous,
< ow about tyenty years old, has long lost this habit, every shoot being
- remarkably erect; but scedlings formerly aised from it wero perfectly
+*prostrate, the stems not rising more than two inchos above the ground.”
Lhus the weeping varioty of the common ash, which has been extensively
propagated by buds during a long period, did not, with Mr. Rivers,

whilst grown in the samo garden, rotain its own weeping character, trans.
mitted to its scedlings the pendulous habit in exc
Many unalogous facts could be given, showing how apparently capricious
s the principlo of inheritance.  All the scedlings from a variety of the Bar.
berry (. vlgaris) with red leaves inherited the samo charcter ; only about
e hird of the scodlings o the copper Becch (Fagus syleatica) had purple
Jeaves, Not ono out of n hundred scedlings of a varioty of the Gerasus
g, with yellow feuit, bore yellow fruit: one-twolfth of the soedlings of
Aho vatiety of Cornus mascula,with yellow fruit, camo frue:#and Tusle.
fhe trees uised by my futher from . yellow-berried holly (Aex agugfolivm),

ronmer. W. A Lelghton, “Flora of  Loudon's Gard, Magazine, vol. x,
Shropshie p 497: and Chasleswortirs 1584, pp. 408, 150; and. ol ., 1505,
‘Mag. of Nat. Hist,' vl. i, 1897, p, p, 507

Al Theso statcments are faken from

Alph. De Candolle, * Bot. Géograph,
P 1085,
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“ Verlot, op. i, p. 9.
* ¥or these several statements, see
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20 INHERITANCE. [

found wild, produced yellow berries. Vilmorin® obsersed in a bed of
Saponaria calabrica an extremoly dwarf variety, and raisod from it a largo
‘number of seedlings; somo of these partially resembled their parent, and
o selected their seed; but tho grandehildren were not in the loast dwarfed :
on tho other hand, he observed a stunted and bushy variety of Tugtes
signata growing in the midst of the common varieties by which it was
probably erossed ; for most of the seodlings rajsed from this plant wers
intermediate in character, only two perfectly resembling their parent; but
sood saved from these two plants roproduced the new varioty so traly,
that hardly any selection has since been necessary. &

Flowers transmit their colour truly, or most capriciously. Many an-
uals come truo: thus T purchased German sceds of thirty-four named
sub-varieties of one race of ten-week stocks (Matthiola annua), and mised
& hundred and forty plants, all of which, with the exception of a singlo
plant, came true. In saying this, however, it must be understood that I
could distinguish only twenty kinds out of the thirty-four named sub-
varieties; nor did the colour of the flower always correspond with the
name affixed to the packet; but I say that they came true, because in
each of the thirty-six short rows every plant was absolutely alike, with tho
one single exception. Again, I procured packets of German seed of twenty-
fivo named varieties of common and quilled asters, and raised a hundred
and twenty-four plants; of these, all except ten were true in the above
limited sense; and I considered even a wrong shado of colour as false.

Tt is a singular circumstance that white varieties generally transmit their
colour much more truly than any other variety. This fact probably stands.
in close relation with one observed by Verlot,” namely, that flowers which
are normally white rarely vary into any other colour. T have found that
the white varieties of Delphinium consolida and of the Stock are the truest.
1t i, indeod, sufficient to look throngh a nurseryman's seed-list, to seo tho
large mumber of white varicties which can be propagated by seed. The
soveral coloured varieties of the sweot-pea (Lathyrus odoratus) are ery
fruo; but T hear from Mr. Masters, of Canterbury, who has particulurly
attended to this plant, that the white varioty is tho truest. The hyacinth,
when propagated by seed, is extremely inconstant in colour, but “ whito
hyacinths almost always give by sced white flowered plants;”® and Mr.
Masters informs mo that tho yellow varieties also reproduce their colour,
but of different shades. On the other hand, pink and blue varietics, 0
latter bei natural © henee, as Mr. ters.
has remarked to me, Wo sec that a garden variety may acquire o moT
‘permanent habit than a natural species;” but it should have been o
that this oceurs under cultivation, and therefore under changed wndihﬂvﬂl»

‘With many flowers, ials, nothing can be .
than the colour of the seedlings, as is notoriously the case with verbenas
carnations, dahlis, cincrarins, and others® 1 sowed seod of tvelY®

“ Verlot, op. cit., p. 35. 4 S0 * Cotlago Gordener, Aptl 10
i Op. cit, p. 39 1860, p. 18, and Sept. 10, 1861, p- 4507
& Alp, De Candolle, ‘Gedgmph. - Gard. Chron,’ 1845, p. 102

Bot.) p. 1082
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named varieties of Snapdragon (Antirrhinum majus), and utter confusion
was the rosult. Tn most cases the extremely fluctuating colour of scedling
‘plants is probably in chief part due to crosses between differently-coloured
varieties during previous generations. It is almost cortain that this is
the case with the polyanthus and coloured primrose (Primula verds and
wulgaris), from their reciprocally dimorphic structuro;* and these aro
plants which florists speak of as never coming true by seed : but if caro bo
taken to prevent crossing, neither species is by any means very inconstant
in colour; thus T raised twenty-three plants from a purplo primrose, fer-
tilised by Mr. J. Seott with its own pollen, and cighteen came up purple of
different shades, and only five reverted to the ordinary yellow colour:
again, I raised twenty plants from a bright-red cowslip, similarly treated
by Mr. Scott, and every ono perfectly resembled its parent in colour, as
likewise did, with the exception of a single plant, 72 grandchildren. Bven
with the most variable flowers, it is probable that cach delicato shade of
colour might be permanently fixed 50 as to bo transmittod by sced, by eul-
tivation in the sume soil, by long continued selection, and especially by the
prevention of crosses. T infer this from cortain anmual larkspurs (Delphi-
nitm consolida and ajaeis), of which common seedlings prosent . greater
diversity of colour than any other plant known to me; yet on procuring
sced of five named German varieties of D). consolida, only nine plants out of
ninety-four were false; and the seedlings of six varieties of D, jcis were
true in the same manner and degree as with the stocks above described. A

stinguishod botanist maintains that the ammal species of Delphinium aro
always self-fertilised; therefore T may mention that thirty-two flowers
on a branch of ). consolida, enclosed in a not, yielded twenty-seven capsules,
with an average of 17-2 sced in each; whilst five flowers, under the same
net, which were artificially fertilised, in the same manmer as must be
eftected by hees during their incessant visits, yieldod five capsules with an
average of 85-2 fine seed; and this shows that the agency of insects is
necessary for the full fertility of this plant. Analogous facts could be
given with respoct fo the crossing of many other flowers, such as carna-
tions, &, of which the varioties fluctuate much in colour.

As with flowers, 50 with our domesticated animals, no character is moro
ariablo than colour, and probably in no animal more so than with the
horse. Yot with a little care in breeding, it appears that races of any
colour might soon be formed.  Hofacker gives the result of matching two
hundred and sixteen mares of four different colours with like-coloured
stallions, without regard to the colour of their ancestors; and of the two
Iundred and sixteen colts born, eleven alone failed to inherit the colour of
their parents: Autenrieth and Ammon assert that, after two generations,
colts of a uniform colour are produced with certainty.

Tn a fow rare cases peculiarities fail to be inherited, apparently
from the force of inheritance being too strong. I have been
nssured by breeders of the canary-bird that to get a good jonquil-

& Darwin, in * Journal of Proc, Linn, Soc. Bot. 162, p. 94.
% Hofacker, * Usber dis Bigensclaften,’ &c., s, 10,
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coloured bird it does not answer to pair two Jm,qus, e
colour then comes out too strong, or is even brown. =
if two crested canaries are paired, the young birds n.xclyl herit
this character:*" for in crested birds a narrow space of bare skin
is left on the back of the head, where the feathers are up-tumed
to form the crest, and, when both parents are thus characterised,
the bareness becomes excessive, and the crest itself fails to b
developed. Mr. Hevitt, speaking of Laced Sebright Buntams,
says*® that, “ why this should be so, T know not, but T am con.
fident that those that are best laced frequently produce offspring
very far from perfect in their markings, whilst those exhibited
by myself, which have so often proved successful, were bred
from the union of heavily-laced birds with those that were
scarcely sufficiently laced.”

It is a singular fact that, although several deaf-mutes often
oceur in the same family, and though their cousins and other
relations are often in the same condition, yet their parents aro
very rarely deafmutes. To give a single instance: not one
scholar out of 148, who were at the same time in the London
Tnstitution, was the child of parents similarly aflicted. S0 again,
when a male or a female deaf:mute marries a sound person, their
children are most rarely affected : in Ireland out of 203 children
thus produced one alone was mute. Even when both parents
have been deaf:mntes, as in the case of forty-one marriages in
the United States and of six in Ireland, only two deaf and dumb
children were produced. Mr. Sedgwick®* in commenting on
this remarkable and fortunate failure in the power of trans-
mission in the direct line, remarks that it may possibly be
owing to « excess having reversed the action of some natunl
law in development.” But it is safer in the present state of our
knowledge to look at the whole case as simply unintelligible-

With respect to the inheritance of structures mutilated by
injuries or altered by discase it is difficult to come to any

= Betuai, Nutorgwcl, Dol Togtmeln 180, . 35

162 " British and Foeiga Mol b
Teview. . 185, . 2ma0
Sodgwick has given such full defaish
rroct. this subject, with ample oy
8 Tho Poultry Book! by W. B. Tneed refer to no other authoritis.
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definite conclusion. In some cases mutilations have been prac-
tised for a vast number of generations without any inherited result.
Godron has remarked® that different races of man have from
time immemorial knocked out their upper ineisors, eut off joints
of their fingers, made holes of immense size through the lobes of
their ears or through their nostrils, made deep gashes in various
parts of their bodies, and there is no reason whatever to supy
that these mutilations have ever been inherited. Adhesions
due to inflammation and pits from the small-pox (and formerly
many consecutive generations must have been thus pitted)
are not inherited. With respect to Jews, I have been assu
by three medical men of the Jewish faith that circumeision,
which has been practised for so many ages, has produced no
inherited effect ; Blumenbach, on the other hand, asserts® that
in Germany Jews are often horn in a condition rendering cir-
cumcision difficult, so that a name is there applied to them
signifying “born cireumeised.” The oak and other trees must
have borne galls from primeval times, yet they do not pro-
duce inherited excrescences; many other such facts could be
adduced.

On the other hand, various cases have been recorded of cats,
dogs, and horses, which have had their tails, legs, &e., amputated
or injured, producing offspring with the same parts ill-formed ;
but as it is not at all rare for similar malformations to appear
spontaneously, all such cases may be due to mere coincidence,
Nevertheless, Dr. Prosper Lucas has given, on good anthorities,
such a long list of inherited injuries, that it is difficult not to
believe in them. Thus, a cow that had lost a horn from an
ident with consequent suppuration, produced three calves
which were hornless on the same side of the head. With the
horse, there seems hardly a doubt that bony exostoses on the
legs, caused by too much travelling on hard roads, are inherited,
Blumenbach records the case of a man who had bis little finger
on the right hand almost cut off, and which in consequence
grew crooked, and his sons had the same finger on the same
hand similarly crooked. A soldier, fifteen years before his
marringe, lost his left eyo from purulent ophthalmia, and his

% Do PEspiee, tom, i, 1859, p. 209.
@ ¢ Philosoph. M e/ vol. iv., 1799, p. 5.
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two sons were microphthalmic on the same side* Tn all such
cases, if truthfully reported, in which the parent has had an
organ injured on one side, and more than one child has been
born with the same organ affected on the same side, the chances
against mere coincidence are enormous. But perhaps the most
remarkable and trustworthy fact is that given by Dr. Brown-
Séquard,® namely, that many young guinea-pigs inherited an
epileptic tendency from parents which had been subjected to
a particular operation, inducing in the course of a few weeks
a convulsive disease like epilepsy: and it should be especially
noted that this eminent physiologist bred a large number of
guinea-pigs from animals which had not been operated on, and
not one of these manifested the epileptic tendency. On the
whole, we can hardly avoid admitting, that injuries and muti-
lations, especially when followed by disease, or perhaps exclu-
sively when thus followed, are occasionadly inherited.
Alfhough many congenital monstrosities are inherited, of
which examples have already been given, and to which may
be added tho lately recorded case of the transmission during
a century of hare-lip with a cleft-palate in the. writers own
family yet other malformations are rarely or never inherited.
Of these latter cases, many are probably due to injuries in the
womb or egg, and would come under the head of non-inherited
injuries or mutilations. With plants, a long catalogue of in-
herited monstrosities of the most serious and diversified nature
could easily bo given; and with plants, there is no reason |
1o suppose that monstrosities are caused by direct injuries to
the seed or embryo.

Causes of Non-inderitance.

« A large number of cases of non-inheritance are intelligible on 1
the principle, that a strong tendency to inheritance does exist, but

® This It caso o quoted by Ms. by M. Bk in “Tho Veteriary Yol
Sedgwick in *Brit 23, Another curious case

Medieo-Chirurg. Ty en i o A lsdniwnc o
P 484

& Proe. Toydd sm vol. % P ‘
i

R Al Pt T B e © M, Sproule, in *British Modical
ix. p. 325, Somo curious cases aro given,  Journal,’ April 18, 1863, |
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that it is overborne by hostile or unfavourable conditions of life.
No one would expect that our improved pigs, if forced during
several generations to travel about and root in the ground for
heir own subsistence, would transmit, as truly as they now do,
their tendency to fatten, and their shor muzzles and legs. Dray-
horses assuredly would not long transmit their great size and
massive limbs, if compelled to live on a cold, damp mountainous
region; we have indeed evidence of such deterioration in the
horses which have run wild on the Falkland Islands. European
dogs in India often fail to transmit their true character. Our
sheep in tropical countries lose their wool in a few generations.
There secws also to be a close relation between certain peculiar
pasturesand the inheritance of an enlarged tail in fat-tailed sheep,
which form one of the most ancient breeds in the world. With
plants, we have scen that the American varieties of maize lose
their proper character in the course of two or three generations,
when cultivated in Europe. Our cabbages, which here come so
true by seed, cannot form heads in hot countries. Under changed
cireumstances, periodical habits of life soon fail to be transmitted,
as the period of maturity in summer and winter wheat, barley,
and vetches. So it is with animals; for instance, a person
whose statement I can trust, procured eggs of Aylesbury ducks
from that town, where they are kept in houses and are reared
as carly as possible for the London market ; the ducks bred from
theso oggs in a distant part of England, hatehed their first brood
on January 24th, whilst common ducks, kept in the same yard
and treated in the same manner, did not hateh till the end of
Mareh; and this shows that the period of hatching was inherited.
But the grandchildren of these Aylesbury ducks completely
lost their early habit of incubation, and hatched their eggs at
the same time with the common ducks of the same place.

Many cases of non-inheritance apparently result from the con-
ditions of life continually inducing fresh variability. We have
seen that when the seeds of pears, plums, apples, de., are sown,
the seedlings generally inherit some degree of family likeness
irom the parent-variety. Mingled with these seedlings, a few,
and sometimes many, worthless, wild-looking plants commonly
appear; and their appearance may be attributed to the prin-
ciple of reversion. But searcely a single seedling will be found
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perfectly o resemble the parentform; and this, 1 believe,
may be accounted for by constantly recurring variability i,
duced by the conditions of life. T believe in this, becauso it
has been observed that certain fruittrees truly propagate heir
kind whilst growing on their own roots, but when grafted on
other stocks, and by this process their natural state is mani.
festly affected, they produce seedlings which vary greatly, de.
parting from the parental type in many characters® Metrger,
as stated in the ninth chapter, found that certain kinds of wheat
brought from Spain and cultivated in Germany, failed during
many years to reproduce themselves truly; but that at last,
when accustomed to their new conditions, they ceased to be
variable,—that is, they became amenable to the power of in-
heritance. Nearly allthe plants which cannot be propagated
with any approach to certainty by seed, are kindswhich have
long been propagated by buds, cuttings, offsets, tubers, &c., and
have in consequence been frequently exposed during their indi-
vidual lives to widely diversified conditions of life. Plants
thus propagated become so variable, that they are subject, as
we have seen in the last chapter, even to bud-variation. Our
domesticated animals, on the other hand, are not exposed during
their individual lives to such extremely diversified conditions,
and are not liable to such extreme variability; therefore they do
ot lose the power of transmitting most of their characteristic
features. In the foregoing remarks on non-inheritance, crossed
breeds are of course excluded, as their diversity mainly depends
on the unequal development of characters derived from either
parent, modified by the principles of reversion and prepotency.

Conclusion.

It has, T think, been shown in the early part of this chapter
how strongly new characters of the most diversified nature,
whether normal or abnormal, injurious or beneficial, whether
affecting organs of the highest or most trifling importance,
are inherited. Contrary to the common opinion, it is often
sufficient for the inheritance of some peculiar character, that one
parent alone should possess it, as in most cases in which tho rarer

% Downing, Fruits of America;’p. 5; Sageret,  Pom. Phys. pp. 43, 72

Darwin Online: Bv permission of the Trustees of the Natural History Museum (Lomditd




Cuar, XIL INHERITANCE. 27

anomalies have been. itted. But the power of
is extremely variable: in a number of individuals descended
from the same parents, and treated in the same manner, some
display this power in a perfect mamner, and in some it is
quite deficient ; and for his difference no reason can be assigned.
Tn some cases the effects of injuries or mutilations apparently
are inherited; and we shall sce in a future chapter that the
effects of the long-continued use and disuse of parts are cer-
tainly inherited. Even those characters which are considered
the most fuctuating, such as colour, aro with rare exceptions
transmitted much more foreibly than is generally supposed. The
wonder, indeed, in all cases is not that any character should
be transmitted, but that the power of inheritance should ever
fail. The checks to inheritance, as far as we know them, are,
firstly, cireumstances hostile to the particular character in ques-
tion; secondly, conditions of life incessantly inducing fresh
variability ; and lastly, the crossing of distinct varieties during
some previous generation, together with reversion or atavism—
that is, the tendency in the child to resemble its grand-parents
or more remote ancestors instead of its jmmediate parents.
This latter subject will be fully disoussed in the following
chapter.
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CHAPTER XIII

INHERITANCE continued — REVERSION OR ATAVISY.

DIFFERENT ORMS OF WEVERSION — IN FURE OR UNCROSSED BREEDS, A8 TN anovs,
FOWLS, TORNLESS CATTLE AND SHEBP, IN OULTIVATED FLANTS — REVERSION 1y
FERAL ANIMALS AND PLANTS — REVERSION 1N CF VARIETIES AND ssoms —

R e o o m e G s e
‘OBJECT — MONSTROSITIES — FELOIIO FLOWEES DUE I SOME CASES T0 KEVERSION.

THE great principle of inheritance to be discussed in this
chapter has been recognised by agriculturists and authors of
various nations, as shown by the scientific term Atavism, derived
from atavus, an ancestor; by the English terms of Reversion, or
Throwing back; by the French Pas-en-arritre; and by the
German Riick-schlag, or Riick-schritt. When the child resembles
cither grandparent more closely than its immediate parents, our
attention i3 not much arrested, though in truth the fact is
highly remarkable ; but when the child resembles some remote
ancestor, or some distant member in a collateral line,—and we
must attribute the latter case to the descent of all the members
from a common progenitor,—we feel a just degree of astonish-
ment. When one parent alone displays some newly-acquired
and generally inheritable character, and the offspring do not
inherit it, the cause may lie in the other parent having the
power of prepotent transmission. But when both parents are
similarly characterised, and the child does not, whatever the cause
may be, inherit the characterin question, but resembles its gmné-
parents, we have one of the simplest cases of reversion. We
continually see another and even more simple case of atavisi,
though not generally included under this head, namely, when
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the son more closely resembles his maternal than his paternal
gmndsire in some male attribute, as in any peculiarity in the
beard of man, the horns of the bull, the hackles or comb of
the cock, or, as in certain discases necessarily confined to the
male sex; for the mother cannot possess or exhibit such male
attributes, yet the child has inherited them, through her blood,
from his maternal grandsire.

The cases of reversion may be divided into two main classes,
which, however, in some instances, blend into each other;
namely, first, those occurring in a variety or race which has
not been crossed, but has lost by variation some character
that it formerly possessed, and which afterwards reappears.
The second class includes all cases in which a distinguishable
individual, sub-variety, race, or species, has at some former
period been crossed with a distinet form, and a character derived
from this cross, after having disappeared during orfe or several
generations, suddenly reappears. A third class, differing only
in the manner of reproduction, might b formed to include
all cases of reversion effected by means of buds, and therefore
independent, of true or seminal generation. Perhaps even a
fourth class might be institnted, to include reversions by seg-
ments in the same individual flower or fruit, and in different
parts of the body in the sume individual animal as it grows old,
But the two first main classes will be sufficient for our purpose.

Reversion to st Characters by pure or uncrossed forms—
Striking instances of this first class of cases wero given in the
sixth chapter, namely, of the occasional reappearance, in variously-
colowred pure breeds of the pigeon, of blue birds with all the
marks which characteriso the wild Columbia fivia. Similar cases
were given in the case of the fowl. With the common ass, as we
now know that the legs of the wild progenitor are striped, wo
may feel assured that the occasional appearance of such stripes
in the domestic animal is a case of simple reversion. But 1
shall be compelled o refer again to theso cases, and thereforo
will here pass them over,

The aboriginal species from which our domesticated cattle and
shoep aro descended, no donbt possessed horns ; but several hon-
less breeds are now well established. Yet in these—for instance,
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in Southdown sheep—¢it is not unusual to find among the male
lambs some with small horns” The horns, which thus occ.
sionally reappear in other polled breeds, either “grow to the
full size” or are curiously attached to the skin alone and
hang “loosely down, or drop oft” The Galloways and Suffolk
cattle have been hornless for the last 100 or 150 years, but 5
horned calf, with the horn often loosely attached, is occasionally
born?

There is reason to believe that sheep in their carly domest.
cated condition were “brown or dingy black;” but even in
the time of David certain flocks were spoken of as white as
snow. During the classical period the sheep of Spain are de-
scribed by several ancient authors as being black, red, or tawny.
At the present day, notwithstanding the great care which is
taken to prevent it, particoloured lambs and some entirely
black are dccasionally dropped by our most highly improved
and valued breeds, such as the Southdowns. Since the time of
the famous Bakewell, during the last century, the Leicester sheep
have been bred with the most scrupulous care; yet oceasionally
grey-faced, or black-spotted, or wholly black lambs appear This
ocours still more frequently with the less improved breeds, such
as the Norfolks® As bearing on this tendency in sheep to revert
to dark colours, T may state (though in doing so I trench on
the reversion of crossed breeds, and likewise on the subject of
prepotency) that the Rev. W. D. Fox was informed that seven
white Southdown ewes were put to a so-called Spanish ram,
which had two small black spots on his sides, and they produced
thirteen lambs, all perfectly black. M. Fox believes that this
ram belonged to a breed which he has himself kept, aud
which is always spotted with black and white; and he finds
that Leicester sheep crossed by rams of this breed always pro-
duce black lambs: he has gone on recrossing these crossed
sheep with pure white Leicesters during three successive gené-

! Youst n Shecp, pp. 20, 154, The
same fact of loose horns occasionally
appearing in hornless breeds has been
observed in_Germany: Bechstein,
Nufurgach, Destchlends; b, L 563
2 Youtt on Catlle,
# Youatt on Sheep, ms, . 17 145,

4T have boen informed of this fict
through the Rev. W. D, Fox, on the
excellent authority of Mr. Wilmot:
also, remarks on this subject in 82
original _articlo in the *Quirerly
Review,” 1849, p. 395.

* Yountt, pp. 19, 254,
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rations, but always with the same result. Mr. Fox was also
told by the friend from whom the spotted breed was procured,
that he likewise had gone on for six or seven generations
crossing with white sheep, but still black lambs were invariably
produced.

Similar facts could be given with respect to tailless breeds
of various animals. For instance, Mr. Hewitt® states that
chickens bred from some Rumpless fowls, which were reckoned
50 good that they won a prize at an exhibition, “in a consider-
able number of instances were furnished with fally developed
tail-feathers.”  On inquiry, the original breeder of these fowls
stated that, from the time when he had first kept them, they
had often produced fowls furnished with tails; but that these
latter would again reproduce rumpless chickens.

Analogous cases of reversion oceur in the vegetable kingdom ;
thus  from seeds gathered from the finest cultivated varieties of
Heartsease (Viola tricolor), plants perfectly wild both in their
foliage and their flowers are frequently produced ;”” but the

rsion in this instance is not to a very ancient period, for the
best existing variotics of the heartseaso are of comparatively
modern origin. - With most of our cultivated vegetables there is
some tendency to reversion to what is known to be, or may be
presumed to be, their aboriginal state ; and this would be more
evident if gardeners did not generally look over their beds of
seedlings, and pull up the false plants or “rogues ” as they are
called. Tt has already been remarked, that some fow seedling
apples aud pears generally resemble, but apparently are not
identical with, the wild trees from which they are descended.
In our turnip® and carrot-beds a few plants often * break *—
that is, flower too soon 3 and their roots are generally found to
be hard and stringy, as in the parent-species. By tho aid of 4
littlo selection, carried on during a few generations, most of our
cultivated plants could probably be brought back, without any
great change in their conditions of life, to a wild or nearly wild
condition : Mr. Buckman has effected this with the parsnip;*

¢ o Poultey Book,' by Mr. Tegot- perience on this subject, has Likewiso
‘meier, 1866, p. 231, assured me that this sometimes occurs,

7 Loudou's  Gard. Mag., vol. x., 1834, n.,' 1835, p. 777.
P-396: & nurscryman, with much ex’ 9 Ibid,, 1862, p. 721,
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and Mr. Hewett C. Watson, as ho informs me, selected, durin
three generations, « the most diverging plants of Scotch kail
perhaps one of the least modified variotics of the cabbage.
and in the third generation some of the plants came very close
o the forms now established. in England about old castle-yalls
and called indigenous.”

Reversion in Animals and Plants which have run wild—Tn
the cases hitherto considered, the reverting animals and plants
have not been exposed to any great or abrupt change in their
conditions of life which could have induced this tendency;
but it is very different with animals and plants which haye
become feral or run wild. It has been repeatedly asserted
in the most positive manner by various authors, that feral
animals and plants invariably return to their primitive specific
type. It is curions on what little evidence this belief rests,
Many of our domesticated animals could not subsist in a
wild state; thus, the more highly improved breeds of the

- pigeon will not “field” or search for their own food. Sheep
have never become feral, and would be destroyed by almost every
beast of prey. In several cases we do not know the aboriginal
parent-species, and cannot possibly tell whether or not there has
been any close degree of reversion. It is not known in any
instance what variety was first turned out; several varieties
have probably in some cases run wild, and their crossing alone
would tend to obliterate their proper character. Our domesticated
animals and plants, when they run wild, must always be exposed
to new conditions of life, for, as Mr. Wallace ™ has well remarked,
they have to obtain their own food, and are exposed to com-
petition with the native productions. Under these circumstances,
if our domesticated animals did not undergo change of some
kind, the result would be quite opposed to the conclusions
arrived at in this work. Nevertheless, T do not doubt that
the simple fact of animals and plants becoming foral, does causo
some tendency to reversion to the primitive state; though this
tendency has been much exaggerated by some authors.

10 See some excellent remarks on this subject by Mr. Wallace, * Journal Proe.
Linn, Soc,’ 1858, voL. i, p. 60.
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1 will briefly run throngh the recorded cases. With neithor horses nor
atle is the primitive stock known; and it has been shown in former
chapters that they havo assumed different colonrs in different countrics,
Thus the horses which have run wild in South America ave generally

ish-bay, and in tho East d  thei

and coarser, and this may be due to reversion. No careful deseription has
‘boen given of the feral goat. Dogs which have run wild in various coun-
tries have hardly anywhere assamed a uniform character; but they are
probably descended from several domostic rces, and aboriginally from
several distinct spocies. Foral cats, both in Europe and La Plata, are
regularly striped ; in some easos they have grown to an unnsually large
size, but do ot differ from the domestic animal in any other character.
When variously-coloured famo rabbits are turned out in Europe, they
generally reacquiro the colouring of the wild animal; there can be no doubt.
that this does really oceur, but we shonld remember that oddly-coloured and
conspicuous animals would sufter much from beasts of prey and from being.
casily shot; this at least was the opinion of a gentleman who tried to stock
his woods with a nearly white variety; and when thus destroyed, they
would in truth be supplanted by, instead of being transformed into, the
common rabbit. We havo seen that the feral rabbits of Jamaica, and
especially of Porto Santo, have assumed new colours and other new cha-
racters. The best known easo of reversion, and that on which the widely-
spread belif in its universality apparently rests, is that of pigs. These
animals have run wild in the West Indies, South America, and the Falkland
Tslands, and havo everywhere acquired the dark colour, the thick bristles,
and great tusks of the wild boar; and the young have reacquired longi-
tudinal stripes. even in the case of the pig, Roulin describes the
half-wild animalsin different parts of South America as differing in several
respects. In Louisiana the pig™ has run wild, and is said to diffe a little
in form, and much in colour, from the domestic animal, yet does not closely
Tesemble the wild boar of Furope. With pigeons and fowls,” it is not
known what variety was first turned out, nor what character the feral
birds have assumed. The guinea-fowl in the West Indies, when feral,
seems to vary more than in the domesticated state.

With respect to plants run wild, Dr. Hooker® has strongly insisted on «
‘what slight evidenco the common helief in their power of roversion rests.
Godron't deseribes wild furnips, carrots, and. celery; but these plants in
their cultivated state hardly differ from their wild prototypes, except in the

! Durcan do la Malle, in Comptes that it did not appear to mo worth
Rendus, tom. xli, 1835, p. 807. From  copying; but I now find that Durean
the statements above given, the author de In Mallo (Comptes Rendus; tom.
concludes that the wild pigs of Louisiana. X1t 185
aro not descended from tho Buropean  good ins
Sus sorofa., tive stock, and

5, Capt. W, Allon, in bis *Expedition  still more vague statement in classical

tho Nigor, stats that fowls have run. —times by Varno.
wild on th island of Amnobon, and 15 ¢Flora of Australia, 1859, Intro-
have becomo moiifid in form and vojee,  duct., p. ix.

The, sccount is 0 moagre and vagus 14 ¢ De Plspice, tem.

VOL. 11,

L pp. 54,58, 60.
D
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suceulency and enlargement of certain parts,—characters which would by
surely lost by plants growing in a poor soil and struggling with other

lants. No cultivated plant has run wild on 50 enormous a scale s the
cardoon (Cynara mrdm)culus) in La Plata. Every botanist who has sean
it growing there, in vast bods, as high s a horses back, has been struck
‘with its peculiar uppwmllee “but whether it diffors in any important poj
from tho cultivated Spanish form, which is said not to be prickly like ity
American descendant, or whether it differs from the wild Mediterranean
species, which is said not to be social, T do not know.

Reversion. to Characters derived from a Cross, in the case
Sub-varictics, Races, and. Species—When an individual having
some recognizable peculiarity unites with another of the sme
sub-variety, not having the peculiarity in question, it often
reappears in the descendants after an interval of several geno-
rations. Every one must have noticed, or heard from old people
of children closely resembling in appearance or mental dis.
position, or in so small and complex a character as expression,
one of their grandparents, or some more distant collateral
relation. Very many anomalies of structure and diseases*
of which instances have been given in the last chapter, have
come into a family from one parent, and have reappeared
in the progeny after passing over two or three generations.
The following case has been communicated to me on good
authority, and may, T believe, be fully trusted: a pointer-bitch
produced seven puppies; four were marked with blue and
white, which is so unusual a colour with pointers that she was
thought to have played false with one of the greyhounds, and
the whole litter was condemned ; but the gamekeeper was per-
mitted to save ono as a curiosity. Two years afterwards a friend
of the owner saw the young dog, and declared that he was the
image of his old pointer-biteh Sappho, the only blue and white
pointer of pure descent which he had ever seen. Thisled ©
close inquiry, and it was proved that he was the great-great-
grandson of Sappho ; so that, according to the common expres-
sion, he had only 1-16th of her blood in his veins. Here it il
hardly be doubted that a character derived from  cross with
an individual of the same variety reappeared after passing ove"
three generations.

% Mr. Sedgwick gives many instances in the *British and Forcign Mol
Chirarg. Review,” April and July, 1863, pp, 448, 188,
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When two distinet races are crossed, it is notorious that the
tendency in the offspring to revert to one or both parent-forms
is strong, and endures for many generations. 1 have myself
scen the clearest evidence of this in crossed pigeons and with
various ‘plants.  Mr. Sidney * states that, in a litter of Essex
Pigs, two young ones appeared which were the image of the
Berkshire boar that had been used twenty-eight years before in
giving size and constitution to the breed. I observed in the
farmyard at Betley Hall some fowls showing a strong likeness
to the Malay breed, and was told by Mr. Tollet that he had
forty years before crossed his birds with Malays; and that,
though he had at first attempted to get rid of this strain, he had
subsequently given wp the attempt in despair, as the Malay
character would reappear.

his strong tendency in erossed breeds to revert has given
rise to endless discussions in how many generations after a
single cross, either with a distinct breed or merely with an
inferior animal, the breed may be considered as pure, and free
from all danger of reversion. No ono supposes that less than
three generations suflices, and most, breedors think that six,
severn, or eight aro necessary, and somo go fo still greater
lengths.™ But neither in the case of a breed which has beon
contaminated by a singlo cross, nor when, in the attempt to form
an intermediate breed, half-bred animals have been matched
together during many generations, can any rule be laid down how
soon the tendency to reversion will be obliterated, Tt depends
on the difference in the strength or prepotency of transmission
in the two parent-forms, on their actual amonnt of difference,
and on the naturo of the conditions of life to which the crossed
offspring are exposed.  But we must be careful not to confound
these cases of reversion to characters gained from a cross, with
thoso given under the first class, in which charactors o iginally
common to both parents, but lost at somo former period, re-

appear; for such characters may recur after an almost fndefiaite
number of generations,

2 In his ot of Youatt on the Pig;
1860, . 27. g micle 1856, p. 620. T could add & vast
e eae, KL N N ol of st they would
. bp- 314, 892: w0 0 good practcal  bo supreduons.

articlo on the subject in *Gard. Chro-

D2
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The law of reversion is equally powerful with hybrids, when
they are sufficiently fertile to breed together, or when they
are repeatedly crossed with either pure parent-form, as with
mongrels. It is not necessary to give instances, for in the
case of plants almost every one who has worked on this subject
from the time of Kolreuter to the present day has insisted on this
tendency. Giirtner has recorded some good instances; but no
one has given more striking cases than Naudin® Tho ten.
dency differs in degree or strength in different groups, and
partly depends, as we shall presently sce, on the fact of the
parent-plants having been long cultivated. ~Although the ten-
dency to reversion is extremely general with nearly all mongrels
and hybrids, it cannot be considered as invariably charac-
teistic of them ; there is, also, reason to believe that it may
be mastered by long-continued selection; but these subjects
will more properly be discussed in a future chapter on Crossing,
From what we see of the power and scope of reversion, both in
pure races and when varieties or species are crossed, we may
infer that characters of almost every kind are capable of rea-
pearance after having been lost for a great length of time. But
it does ot follow from this that in each particular case certain |
characters will reappear: for instance, this will not occurwhena |
race is crossed with another endowed with prepotency of trans- l

mission. Tn some fow cases the power of reversion wholly fails
without our being able to assign any cause for the failure: thusit
has been stated that in a French family in which 85 out of above
600 members, during six generations, had been subject to night-
blindness, « there has not been a single example of this affection
in the children of parents who were themselves free from it.”*

Beversion through Bud-propagation—Partial Reversion, by s>~ |
ments in the same flower or fruit, or in different parts of e |
‘

1 Kalreuter gives cases in'his “Dritto  p. 485, Dr. H. Dobell, in ‘Mol
Fortsetaung/ 1766, 5. 53, 59; and in his  Chirurg, Transactions, vol. xlvi, gives
‘well-known * Memoizs on Lavatcra and  an analogons case, in which, in & Wrgo
Jalapa.' Giriner, ‘ Bastarderzeugung,  family, fingors with thickened joitls ‘
5. 437, 441, &. Noudin, in his woro transmitted fo several members
* Rocherches sur I'Hybridité, Nouvelles  during fivo generations; but when the

ives du Muséum, fom. i p. 25, blemish onco disappeared it never

" Quoted by Mr. Sedgwick in  appeared.

Med-Chirurg, Review, April, 1861,
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body in the same individual animal—Tn the eleventh chapter,
many cases of reversion by buds, independently of seminal
generation, were given—as when a leafbud on a variegated,
curled, or laciniated variety suddenly reassumes its proper
character; or as when a Provence-Tose appears on a moss-rose,
or a peach on a nectarine-tree. In some of these cases only
half the flower or fruit, or a smaller segment, or mere stripes,
reassumed their former character; and here we have with buds
reversion by segments. Vilmorin® has also recorded several
cases with plants derived from seed, of flowers reverting by
stripes or blotches to their primitive colours: he states that in all
such cases a white or pale-coloured variety must first be formed,
and, when this is propagated for a length of time by seed, striped
scedlings oceasionally mako their appearance; and theso can
afterwards by care be multiplied by seed.

The stripes and scgments just referred to are not due, as far
as is known, to reversion to characters derived from a cross,
but to characters lost by variation. These cases, however, as
Naudin® insists in his diseussion on disjunction of character, are
closely analogous with those given in the eleventh chapter, in
which crossed plants are known to have produced half-and-half
or striped flowers and fruit, or distinet kinds of flowers on the
same root resembling the two parent-forms. Many picbald
animals probably come under this same head. Such cases,
as we shall see in the chapter on Crossing, apparently result
from cortain characters not readily blending together, and, as
a consequence of this incapacity for fusion, the offspring either
perfectly resemblo one of their two parents, or resemble one
parent in one part and the other parent in another part;
or whilst young are intermediate in character, but with ad-
vancing age revert wholly or by segments to cither parent-
form, or to both. Thus young trees of the Cytisus adami are
intermediate in foliage and flowers between the two parent-
forms; but when older the buds continually revert cither
partially or wholly to both forms. The cases given in the
eleventh chapter on the changes which occurred during growth

 Vorlot, “ Do Varicide
@ “Nouvell
tom. i p.

7 1863, 5. 63, Rejuvencscence, Ray Soc., 1853,
Archives du Muséum,  315) apparendly holds a simil
inion.

e
. Alex. Braun (in his 2
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in crossed plants of Tropwolum, Cereus, Datura, and Tathyrus
are all analogous. As, however, these plants are hybrids of
the first generation, and as their buds after a time come to
resemble their parents and not their grandparents, these cases
do not at first appear to come under the law of reversion i
the ordinary sense of the word ; nevertheless, as the change is
effeoted through a succession of bud-generations on the sume
plant, they may be thus included.

Analogous facts have been observed in the animal kingdom,
and are more remarkable, as they occur strictly in the same
individual, and not as with plants through a succession of
bud-generations. 'With animals the act of reversion, if it can
be so designated, does not pass over a true generation, but
merely over the early stages of growth in the same individual,
For instance, I crossed several white hens with a black cock, and
many of the chickens were during the first year perfectly white,
but acquired during the second year black feathers; on the
other hand, some of the chickens which were at first black
became during the second year picbald with white. A great
breeder® says, that a Penciiled Brahma hen which has any of
the blood of the Light Brahma in her, will * occasionally pro-
duce a pullet well pencilled during the first year, but she will
most, likely moult brown on the shoulders and become quite
unlike her original colours in the second year.” Tho sume thing
oceurs with Light Brahmas if of impure blood. I have observed
exactly similar cases with the crossed offspring from differently
coloured pigeons. But here is a more remarkable fact: I
crossed a turbit, which has a frill formed by the feathers being
roversed on its breast, with a trumpeter ; and one of the young
pigeons thus raised showed at first not a trace of the frill, but,
after moulting thrice, a small yet unmistakably distinet frll
appeared on its breast. According to Girou® calves produced
from a red cow by a black bull, or from a black cow by &
red bull, are not rarcly born red, and subsequently. become
black.

In the foregoing cases, the characters which appear with
advancing age are the result of a cross in the previous or some

2 Mr. Tocbay, in ‘ The Poultry Book by Mr. Tegetmeier; 1866, p. 72
* Quoted by Hofaclker, * Ueber die Eigenschiften,’ &c., 8. 98.
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former generation ; but in the following cases the characters
which thus reappear formerly appertained to the species, and
were lost at a more or less remote epoch. Thus, according
to Azara the calves of a hornless race of cattle which originated
in ‘Corrientes, though at first quite hornless, as they become
adult, sometimes acquire small, erooked, and loose horns; and
these in succeeding years occasionally become attached to the
skull. White and black bantams, both of which generally breed
true, sometimes assume as they grow old a saffron or red
plumage. For instance, a firstrate black bantam has been
described, which during three seasons was perfectly black, but
then annually became more and more red; and it deserves
notice that this tendency to change, whenever it oceurs in a
bantam, is almost certain to prove hereditary.”® The cuckoo
or bluemottled Dorking cock, when old, is liable to acquire
yellow or orange hackles in place of his proper bluish-grey
hackles® Now, as Gallus bankiva is coloured red and orange,
and as Dorking fowls and both kinds of bantams are descended
from this species, we can hardly doubt that the change which
occasionally occurs in the plumage of these birds as their age
advances, results from a tendency in the individual to revert to
the primitive type.

Crossing as a direct cause of Reversion—Tt has long been
notorious that hybrids and mongrels often revert to both or to one
of their parent-forms, after an interval of from two to seven or
eight, or according to some authorities even a greater number
of generations. But that the act of crossing in itself gives an
impulse towards reversion, as shown by the reappearance of
long-lost characters, has never, T believe, been hitherto proved.
The proof lies in certain peeuliarities, which do not characterise
the immediate parents, and therefore cannot have been derived
from them, frequently appearing in the offspring of two breeds
when crossed, which peculiaritios never appear, or appear with
extreme rarity, in these same. breeds, as long as they are pre-

T T, Xl du Pursguy?  Ponliy Bock! by Mr Togetmeir 150,
o o0 3 ’

fucts are ngn on the high "The Poultry Book, by Tegetmeier,
mnhmqu of Mr. Hewitt, in “The 1866, p. 97.
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cluded from crossing.  As this conclusion seems to me highly
curious and novel, I will give the evidence in detail.

My attention was first callod. to this subjoct, and T was led fo maks
numerons experiments, by MM. Boitard and Corbié having stated fhas
when thoy crossed certain breeds, pigoons coloured Tiko tho wild €, ipsy
or the common dovecot, namely, slaty-bine, with doublo black wing-bars,
sometimes chequered with black, whito loins, the tail barred with bisel
with the outer feathers edged with white, were almost invariably produced.
The breeds which I crossed, and the remarkable results attaincd, hav
been fully deseribed in the sixth chapter. I selected pigeons, belong
totruo and ancient breeds, which had not a traco of blue or any of thy
above specified marks; but when crossed, and their mongrels rocrossd
young birds were continually produced, moro or less plainly coloured slaty-
blue, with some or all of the proper characteristic marks. T may roeall
to the reader’s memory one case, namely, that of a pigeon, hardly dis-
tinguishable from the wild Shetland species, the grandchild of o red-spof,
‘white fantail, and two black barbs, from any of which, when purely-bred,
the production of a pigeon coloured like the wild C. Zivia would have been
almost a prodigy.

T was thus led to make the experiments, recorded in the seventh
chapter, on fowls. T selected long-established, pure breeds, in which thers
was not a trace of red, yet in several of tho mongrels feathers of this
colour appeared; and one magnificent bird, the ofispring of a black
Spanish cock and white Sille hen, was coloured almost exactly like the
wild Gallus bankiva. All who know anything of the breeding of poultry
will admit that tens of thousands of pure Spanish and of pure white Silk
fowls might have boen reared without the appesrance of a red feather.
The fact, given on the authority of Mr. Tegetmeier, of fho froquent

in mongrel fowls, of pencilled or transversely-barred feathers,
like those common to many gallinaceous birds, is like:

observer the inspection of somo neck-hackles and tail-feathers from o
hybrid between the common fowl and a very distinct species, the Gallis
varius; and these feathers are transversely striped in a_conspicuous
manner with dark metallic biue and grey, a character which eould mot
have been derived from either immediate parent.
have been informed by Mr. B. P. Brent, that ho crossed a white

Aylosbury drake and a black so-called Labrador duck, both of whith
are true breeds, and ho obtained a young drake closely like the mallard
(d. bosclas).Of the musk-duck (A, mosclata, Linn.) there aro two sub-
Dreeds, namely, white and. slate-coloured ; and these I am informed b
true, or nearly true. But tho Rov. W. D. Fox *tells me that, by puttilg
 white drake to a slate-coloured duck, black birds, pied with white, like
the wild musk-duck, were always produced.

We have seen in ‘the fourth chapter, that the so-called Himalays:
rabbit, with its snow-white body, black cars, nose, tail, and fect, breeds
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perfootly true. *This race is known to have been formed by the union of
two variotios of silvar-groy rabbits. Now, when a Himalayan doo was
crossed by a_sandy-coloured buck, & silver-grey rabbit was produced;
and this js evidently a case of reversion o ono of the parent varicties. The
young of the Himalayan rabbit are born snow-white, and the dark marks
do not appear until some timo subsoquently; but occasionally young
‘Himalayan rabbits are born of a light silver-grey, which colour soon dis-
appears; 5o that here we have a traco of roversion, during an carly period
of life, to the parent-varieties, independently of any recent eross.

Tn the third chapter it was shown that at an ancient period some breeds
of cattle in the wilder parts of Britain were white with dark ears, and that
the cattle now kept half wild in certain parks, and those which have run
quite wild in two distant parts of the world, are likewiso thus coloured.
Now, an_experienced breeder, Mr. J. Beasloy, of Northamptonshire,”
crossed somo_carcfully selected West Highland cows with purcly-bred
shorthorn bulls. The bulls were red, red and white, or dark roan; and tho
Highland cows were all of a rod colour, inclining toa light or yellow shade.
But a considerablo number of the ofispring—and Mr. Beasley calls atten-
tion fo this as a remarkablo fact—wero white, or whito with red cars.
Bearing in mind that none of the parents were white, and that they
were purely-bred animals, it is highly probable that here the offspring
roverted, in consequenco of the cross, to the colour cither of the aboriginal
parent-species or of some ancient and half-wild parent-breed.
following case, perhaps, comes under the same head: cows in their natural
state havo their udders but little developed, and do not yield nearly so
much milk as our domesticated animals, Now there is some reason to
animals between two kinds, both of which are
good milkers, such as Alderneys and Shorthorns, often turn out worthless
in this respect.

In the chapter on the Horse reasons were assigned for believing that
tho primitive stock was striped and dun-coloured; and details were given,
showing that in all parts of the world stripes of a dark colour frequently
appear along the spine, across the logs, and on the shoulders, where they
aro occasionally doublo or treble, and even somotimes on tho fuce and
body of horses of all breeds and of all colours, But the stripes appear
most frequently on the various kinds of duns. They may sometimes
plainly be soen on foals, and subsequontly disappear. The dun-colour
and the stripes are strongly transmitted when a horse thus characterised
is crossed with any other; but I was not able to prove that striped duns
aro genorally produced from the crossing of two distinct broeds, neither of
which are duns, though this does sometimes occur.

Tho legs of the ass aro often striped, and this may be considered as o
roversion to the wild parent-form, the Asinus teniopus of Abyssinia,® which
s thus striped. In the domestic animal the stripes on the shoulder aro
occasionally double, or forked at the extremity, as in certain zebrine

7+ Gardener's Chron. and Agrieultural Gazette,” 1866, p. 525.
Thid, 1860, p. 343, * Selater, in  Proo. Zoolog. Soc.,” 1863, p. 163,

Barwin Orline: By permission of the Trustees of the MNatursl History Museun (London



42 = INHERITANCE. Cuua. X111,

species. Thero s reason to beliovo that the foal is frequently mory
phainly striped on the legs than the adult animal. As with the horso,

I have not acquired any distinct evidence that the crossing of differently.
colourod varieties of the ass brings out tho stripes.

But 10w letus furn to the result of erossing the horse and ass. Although
‘mules are not nearly so numerous in England as asses, T have seen a much
greater number with striped legs, and with the stripes far more conspicuous
than in cither parent-form. Such mules aro generally light-coloured,
and might be called fallow-duns. Tho shoulder-stripo in one instance
was decply forked at the extremity, and in another instance was douhle,
though united in the middle. Mr. Martin gives a figure of a Spanish
mule with strong zebra-like marks on its legs and remarks, that mules
are particularly liable to be thus striped on their legs. In South Ameriea,
according to Roulin® such stripes are more frequent and conspicuons in
the mule than in the ass. In the United States, Mr. Gosse® speaking of
these animals, says, “ that in a great number, perhaps in nine out of every
ten, the legs are banded with transverse dark stripes.”

Many years ago I saw in the Zoological Gardens a curious triple hybrid,
from a bay mare, by a hybrid from a male ass and female zebra. This
animal when old had hardly any stripes; bub T was assured by the
superintendent, that when young it had shoulder-stripes, and faint stripes
on its flanks and legs. I mer this case more especially as an instance
of the stripes being much plainer during youth than in old age.

As the zebra has such conspicuously striped legs, it might have been
expected that the hybrids from this animal and the common ass would
have had their logs in somo degree striped; but it appoars from the
figures given in Dr. Gray’s ‘ Knowsley Gleanings,’ and still more plainly
from that given by Geofftoy and F. Cuvier,® that the legs are much
more conspicuously striped than the rest of the body; and this fact is
intelligible only on the belief that tho uss aids in giving, through the
power of reversion, this character to its hybrid offspring.

The quagga is banded over the whole front part of its body like a zebs,
‘but has no stripes on its legs, or mere traces of them. But in the famous
hybrid bred by Lord Morton from u chesnut, nearly purely-bred, Arabian
mare, by a male quagea, the stripes wero “more strongly defined and
darker than those on the legs of the quagga.” The mare was subse-
quently put fo a black Arabian horse, and bore two colts, both of which,
as formerly stated, were plainly striped on the legs, and one of them
Tkewise Fiad stripes on.the neck and body.

The Asinus Indicus® is characterised by a spinal stripe, without shoulder

g
g

% <History of tho Horso, p. 212. ¢ < Philosoph, Transact, 1821, p-2:
3« Meém. présentés par divers Suvans  ® Selater, in, ¢ Proe, Zoolog. So¢/
3 PAcad. Royale, fom. vi. 1835, p. 1862, p. 163 this species is the Ghor-
Khur of N.W. Indin, and bas ofer
¢ Lotters from Alubams,’ 1839, p.  been called tho Hemionus of Palls
250. See,also, Mr. Blyth's excellent papet 1
¢ Higt, Nat, des Mammifires, 1820, *Journ. of Asiatic Soc. of Bengal, Yok
i xxvil., 1860, p. 229,

i
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or leg stripes; but traces of these latter stripes may occasionally be seen
even in the adult;* and Colonel §. Poole, who has had ample oppor-
tunities for observation, informs me that in the foal, when first born, the
head and legs are often striped, but the shoulder-stripo is not so distinct
as in the domestic ass; all these stripes, excepting that along the spine,
soon disappear. Now a hybrid, raised at Knowsley® from a female of
this species by a male domestic ass, had all four logs transversely and con-
spicuously striped, had threo short stripes on cach shoulder, and had
even some zebraclike stripes on its facel Dr. Gray informs mo that ho
has seen a second hybrid of the same parentage similarly striped.

From these facts we seo that the crossing of the several equine
species tends in a marked mamner to cause stripes to appear
on various parts of the body, especially on the legs. As we do
not, know whether the primordial parent of the genus was
striped, tho appearance of tho stripes can only hypothetically
be attributed to reversion. But most persons, after considering
the many undoubted cases of variously coloured marks re-
appearing by reversion in crossed pigeons, fowls, ducks, &e., will
come to the same conclusion with respect to the horse-genus;
and in this caso we must admit that the progenitor of the group
was striped on. the legs, shoulders, face, and probably over the
whole body, like a zebra. If 'wo reject this view, the frequent
and almost regular appearance of stripes in tho several fore-
going hybrids is left without any explanation,

Tt would appear that with crossed animals a similar tendency
to the recovery of lost characters holds good even with instinets.
There are some breeds of fowls which are called  everlasting
layers,” because they have lost the instinct of incubation ; and
50 rate is it for them to incubate that I have scen notices pub-
lished in works on poultry, when hens of such breeds have
taken to sit.* Yet the aboriginal species was of course a good
incubator; for with birds in a state of nature hardly any

* Anther species of wild ass, the  Col. Hamilton Smith, in *Nat. Library,
fruo A hemionus or Kiang, which Horses, p. 818; and ‘ Dict. Class. d'Hist,
ordinarily has no shoulder-stripos, i3 Nat, fom, ii. p.
said_occasionally {o uve them; and ¥ Figured in
s th the horso and ass, are  Knowsley Menagorics,
lo: aco Mr. Blyth, in % Cascs of both Spanish and

* Gleanings from tho
?by DrJ.E.Gray. .
Polish
4 quoted, ond in *Indian  hens stting aro given in tho * Poultry
Sporting Review, 1856, p. 920; and  Chronicle; 1855, vol. ii. p. 477.
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instinct is so strong as this. Now, so many eascs have boen
recorded of the crossed offspring from two races, neither of
which are incubators, becoming first-rate sitters, that the re.
appearance of this instinct must be attributed to reversion from
crossing. One author goes so far as to say, “that a cross
between two nonsitting varieties almost invariably produces u
mongrel that becomes broody, and sits with remarkable steadi.
ness”®  Another anthor, after giving a striking examplo,
remarks that the fact can be explained only on the principle
that “ two negatives make a positive” It cannot, however, bo |
maintained that hens produced from a cross between two non-
sitting breeds invariably recover their lost instinct, any more
than that crossed fowls or pigeons invariably recover the red or
blue plumage of their prototypes. I raised several chickens
from a Polish hen by a Spanish cock,—breeds which do not
incubate,—and none of the young hens at first recovered their
instinet, and this appeared to afford a well-marked exception to
the foregoing rule ; but one of theso hens, the only ono which
was preserved, in the third year sat well on her eggs and reared
a brood of chickens. So that here we have the appearance
with advancing age of a primitive instinet, in the same manner
as we have seen that the red plumage of the Gallus bankiva
is sometimes reacquired by crossed and purely-bred fowls of
various kinds as they grow old.

The parents of all our domesticated animals were of course
aboriginally wild in disposition; and when a domesticated
species is crossed with a distinet species, whether this is a
domesticated or only tamed animal, the hybrids are often wild

 <The Poultry Book, by Mr. Teget-
meier, 1866, pp. 119, 163. The author,
who remarks on the two negatives
(“Journ. of Hort,’ 1862, p. 525), states
that two broods wero muised from o
Spantat sk wi 81 dHene

Polish fowls, are “good and steady
birds to sit.” Mr. B. P. Brent inforns
me that he mised some good sittng
hens by crossing Pencilled Hamburgh
a2d Polish brosds, A crosol Vi

burgh hen, nither of which aro inca-
bators, and 1o less fhan soven out of

. 200) says that chickens reared
from o cross bebween Golden and Black

Cochin incubating hen s wentioned in
the * Poultry Chronicle, vol. . p. 13,88
an “exemplary mother.” On tho other
Band, an exceptional casos given n the
*Cottago Gardener, 1860, p.388, ofa b
Taiscd from a Spanish cock and back
Polish hen which did not incubste-
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tosuch a degree, that the fact is intelligible only on the prin-
ciple that the cross has caused a partial return to the primitive
disposition.

The Farl of Powis formerly imported some thoroughly domes-
ticated humped cattle from India, and crossed them with English
breeds, which belong to a distinct species; and his agent re-
‘marked to me, without any question having been asked, how oddly
wild the cross-bred animals were. The European wild boar and
the Chinese domesticated pig are almost certainly specifically
distinet: Sir F. Darwin crossed a sow of the latter breed with
a wild Alpine boar which had become extremely tame, but the
young, though having half-domesticated blood in their veins,
were “extremely wild in confinement, and would not eat swill
like common English pigs” Mr. Hewitt, who has had great
experience in crossing tame cock-pheasants with fowls belonging
to five breeds, gives as the character of all “extraordinary
wildness ;@ but T have myself scen one exception to this rule.
Mr. 8. J. Salter, who raised a largo number of hybrids from
a bantam-hen by Gallus Somneratii, states that “all were
exceedingly wild.” Mr. Waterton® bred some wild ducks from
eggs hatehed under a common duck, and the young were
allowed to cross freely both amongst themselyes and with the
tame ducks; they were “half wild and half tame; they came
to the windows to be fed, but still they had a wariness about
them quite remarkable.”

On the other hand, mules from the horse and ass are certainly
not in the least wild, yet they are notorious for obstinacy and
vice. Mr. Brent, who has crossed canary-birds with many
kinds of finches, has not observed, as he informs me, that the
hybrids were in any way remarkably wild. Hybrids are often
naised between the common and musk duck, and I have been
assured by three persons, who have kept these crossed birds,
that they were not wildj but Mr. Garnett® observed that his
female hybrids exhibited “migratory propensities” of which
there is ot a vestige in the common or musk duck. No case is

© The Pouliry Bock, by Teget-  # ‘Bssays on Natural History, p.
meier, 1866, pp. 165, 167. 5

# *Natural History Review, 1863, As stated by Mr. Orton,
April,p. 277, “Plysiology of Breeding, p, 12,

in his
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known of this latter bird having escaped and become wild iy
Burope or Asia, except, according to Pallas, on the Caspian
Sea; and the common domestic duck only occasionally becomes
wild in districts where large lakes and fens abound. Neyer.
theless, a large mumber of cases have been recorded* of hybrids
from these two ducks, although so few are reared in comparison
with purely-bred birds of either species, having been shot, ij
a completely wild state. It is improbable that any of these
hybrids could have acquired their wildness from the musk-duck
having paired with a truly wild duck ; and this is known not
to be the case in North America; hence we must infor that
they have reacquired, through reversion, their wildness, as well
as renewed powers of flight.

These latter facts remind us of the statements, so frequently
made by travellers in all parts of the world, on the degraded
state and savage disposition of erossed races of man. That many
excellent and kind-hearted mulattos have existed no one will
dispute; and o more mild and gentle set of men could Lardly
be found than the inhabitants of the island of Chiloe, who consist
of Indians commingled with Spaniards in various proportions.
On the other hand, many years ago, long before I had thonght
of the present subject, I was struck with the fact that, in South
America, men of complicated descent between Negroes, Indians,
and Spaniards, seldom had, whatever the cause might be, a good

ion® Livingstone,—and a more uni thorit;
cannot be quoted,—after speaking of a half-caste man on the
Zambesi, described by the Portuguese as a rare monster of
inhumanity, remarks, “It is unaccountable why half-castes,
such as he, are so much moro cruel than the Portuguese
but such is undoubtedly the case.” An inhabitant remarked
to Livingstone, “ God made white men, and God made black
men, but the Devil made half-castes.”® When two races, both

# M.E. do Selys-Longehamps refers
(“Bulletin Acad. Roy. de. Bruxelles,
tom. xii. No. 10) to mare than seven of
theso hybrids shot in Switzerland and
Franco. M. Doby asserts (*Zoologist,
vol. v., 181546, p. 1254) that several
have been shot in various parts of
Belgiumand Northern France. Audubon

(-Omitholog. Biography, vol. fi. I
168), speaking of thaso hybrids, =I5
that, in North America, they “20%

and then wander off and become quit®
ild.”

¢ Journal of Researches, 1845,p.71
4 Txpedition to the Zambesi, 186
PP. 25, 150,
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low in the scale, are crossed, the progeny seems fo be emi-
nently bad. Thus the noble-hearted Humbolds, who folt none
of that prejudice against the inferior races now so current in
England, speaks in strong terms of the bad and savage disposi-
tion of Zambos, or half-castes between Indians and Negroes;
and this conclusion has been arrived at by various observers.s
From these facts we may perhaps infer that the degraded state
of s many half-castes is in part due to reversion to a primitive
and savage condition, induced by the act of crossing, as well as
to the unfavourable moral conditions under which they generally
exist.

Summary on the proximate causes leading to Reversion.—When
purely-bred animals or plants reassume long-lost characters—
when the common ass, for instance, is born with striped legs,
when o pure race of black or white pigeons throws a slaty-
blue bird, or when a cultivated heartsease with large and
rounded flowers produces a seedling with small and elongated
flowers,—we are quite unable to assign any proximate cause.
‘When animals run wild, the tendency to reversion, which,
though it has been greatly exaggerated, no doubt exists, is
sometimes t0 a certain extent intelligible. Thus, with feral pigs,
exposure to the weather will probably favour the growth of the,
Dristles, as is known to be the case with the hair of other domes-
ticated animals, and through correlation the tusks will tend to

o redeveloped. But the of coloured longitud
stripes on young feral pigs cannot be attributed to the direct
action of external conditions. In this case, and in many others,
e can only say that changed habits of life apparently have
favoured a tendency, inherent or latent in the species, to return
to the primitive state,

It will be shown in a future chapter that the position of
flowers on the summit of the axis, and the position of seeds
within the capsule, sometimes determine a tendency towards
reversion; and this apparently depends on the amount of sap or
nutriment which the flower-buds and seeds receive. The posi-
tion, also, of buds, either on branches or on Toots, sometimes
determines, as was formerly shown, the transmission of the

 Dr. P. Broca, on *Hybridity in tho Genus Homo, Eng, translat,, 1864, p. 39,
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proper character of the variety, or its reversion to a former
state.

‘We have seen in the last section that when two races or
species are crossed there is the strongest tendency to the re-
appearance in the offspring of long-lost characters, possessed by
noither parent nor immediate progenitor. When two white, or
red, or black pigeons, of well-cstablished breeds, are united, the
offspring are almost suro to inlierit the same colours; but when
differently-coloured birds are crossed, the opposed forces of
inheritance apparently counteract each other, and the tendency
which is inherent in both parents to produce slaty-blue offspring
becomes predominant. So it is in several other cases. But
when, for instance, the ass is crossed with 4. Tndicus or with
the horse,—animals which have not striped legs,—and the hybrids
have conspicnous stripes on their logs and even on their faces,
all that can be said is, that an inherent tendency to reversion
is evolved through some disturbance in the organisation caused
by the act of crossing.

Another form of reversion is far commoner, indeed is almost
universal with the offspring from a cross, namely, to the cha-
racters proper to either pure parent-form. As a general rule,
crossed offspring in the first generation are nearly intermediato
between their parents, but the grandehildren and succeeding
generations continually revert, in a greater or lesser degree,
10 one or both of their progenitors. Several authors have main-
tained that hybrids and mongrels include all the characters of
both parents, not fused together, but merely mingled in different
proportions in different parts of the body; or, as Naudin® has
expressed it, a hybrid is a living mosaic-work, in which the eye
cannot distinguish the discordant elements, so completely are
they intermingled. We can hardly doubt that, in a certain sense,
this is true, as when we behold in a hybrid the elements of both
species segregating themselves into segments in the same flower
or fruit, by a process of selfattraction or selfaffinity; this

aking place cither by seminal or by &
Naudin forther belioves that the segregation of the two specific
elements or essences is eminently liablo to occur in the male
and female reproductive matter; and he thus explains the almost
# < Nouvelles Archives du Muséum, tom. i, p. 151.
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universal tendency to reversion in successive hybrid generations,
For this would bo the natural result of the union of pollen and
ovules, in both of which the elements of the same species had
been segregated by self-affinity. 1f, on tho other hand, pollen
which included the elements of one species happened to unite
with ovales including the elements of tho other specios, the
intermediate or hybrid state would still be retained, and there
would be no reversion. But it would, as I suspect, be more
comeet to say that the elements of both parent-species exist in
every hybrid in a double state, namely, blended togother and
completely separate. How this is possible, and what the term
specific essence or element may bo supposed to express, T shall
attempt to show in the hypothetical chapter on pangenesis.

But Naudin's view, as propounded by him, is not applicable
fo the reappearance of characters lost long ago by variation ;
and it is hardly applicable to races or species which, after haying
been crossed at some former period with a distinet form, and
having sineo lost all traces of the cross, nevertheless ooousion.
ally yield an individual which reverts (as in the eass of fhy
greatgrentrgrandehild of the pointer Sappho) to the crossing
form. Tho most simple case of reversion, namely, of a hybrid
ormongrel foifs grandparents, is connected by an almost perfect
serics with tho extremo case of a purely-bred raco Tecovering
characters which had been lost during many ages; and we are
thus led to infer that all the cases must be related by some
common bond.

Girtner believod that only those hybrid plants which are
highly sterile exhibit any tendency to reversion fo thuir parent-
forms. It s rash to doubt o good an observer, but this con-
clusion must I think be an error; and it may perhaps be
accounted for by the nature of the genera observed by him,
for he admits that the tendency differs in difforent genera. The
statement is also directly contradicted by Naudin’s observations,
and by the notorious fact that perfectly fertile mongrels exhi-
bit tho tendency in a high degroe,—even i a digher degree,
according to Giirtner himself, than hybrids.®

Girtner further states that Teversions rarely occur with

* *Bastarderaongung, s, 552, 438, .

VOL. 11. o
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hybrid plants raised from species which have not heen culfivated
whilst, with those which have been long cultivated, they aro of
frequent occurrence. [This conclusion explains a curious dis.
crepancy : Max Wichura,® who worked exclusively on willowg
which had not been subjected to culture, never saw an gy,
stance of reversion ; and he goes so far as to suspect that the
careful Girtner had not sufficiently protected his hybrids from
the pollen of the parent-species: Naudin, on tho other hand
who chiefly experimented on cucurbitaceous and other cultivateq
plants, insists more strenuously than any other author on the
tendency to reversion in all hybrids. The conclusion fhat the
condition of the parent-species, as affected by culture, is on
of the proximate causes leading to reversion, agrees firly wal
with the converse case of domesticated animals and culfivated
plants being liable to reversion when they become foral; for
in both cases the organisation or constiution must bo dis
turbed, though in a very difforent way.

Finally, we have scen that characters often reappear in
purely-bred races without our being able to assign any proximate
cause; but when they become feral this is either indirectly or
directly induced by the change in their conditions of life. With
crossed breeds, the act of crossing in itself certainly leads to
the recovery of long-lost characters, as well as of those derived
from either parent-form. Changed conditions, consequent on
cultivation, and the relative position of buds, flowers, and sceds
on the plant, all apparently aid in giving this same tendency.
Reversion may oceur either through seminal or bud generation,
generally at birth, but sometimes only with an advance of age.
Segments or portions of the individual may alone be thus
affected. That a being should be born resembling in cortain
characters an ancestor removed by two or three, and in some
cases by hundreds or even thousands of generations, is assuredly
a wonderful fact. In these cases the child is commonly said
to inherit such characters directly from its grandparents, of
moro remote aucestors. But this view is hardly conceivable.
If, however, we suppose that every character is derived exclu-

% Die Bastardbefruchtung . . . . der Weiden,’ 1863, s, 23, For Giirtner's
‘remarks on this head, sce * Bastarderzeugung,” s. 474, 582.
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sively from the father or mother, but that many characters lic
Iatent in both parents during a long succession of generations,
the foregoing facts are intelligible. In what manner characters
may be conceived to lie latent, will be considered in a future
chapter to which I have lately alluded.

Latent Characters—But T must explain what is meant
by characters lying latent. The most obvious illustration is
afforded by secondary sexual characters. In every female all
h dary male characters, and in every male all th d
female characters, apparently exist in a latent state, ready to
be evolved under certain conditions. It is well known that a
large number of female birds, such as fowls, various pheasants,
partridges, peahens, ducks, &c., when old or discased, or when
operated on, partly assume the secondary male characters of
their species. In the case of the hen-pheasant this has been
observed to occur far more frequently during certain seasons
than during others® A duck ten years old has been known to
assume both the perfect winter and summer plumage of the
drake®  Waterton®® gives a curious case of a hen which had
ceased laying, and had assumed the plumage, voice, spurs, and
warlike disposition of the cock ; when opposed to an enemy she
would erect her hackles and show fight. Thus every character,
even to the instinet and manner of fighting, must have lain
dormant in this hen as long as her ovaria continued to act, The
females of two kinds of deer, when old, have been known to
acquire hors; and, as Hunter has remarked, we sce something
of an analogous nature in the human spocics.

On the other hand, with male animals, it is notorious that the
secondary sexuil characters are more or less complotely lost
when they are subjected to castration, Thus, if the operation be
performed on a young cock, he never, as Yarrell states, crows

* Yarrell, “Phil. Transnot. 1827, p.  Geoflioy Saint Hilaire, in his ¢ Essais

208; Dr. Hamilton, in ¢ Proo. Zoolog, do Zoolog. Gén.’ (suites s Buffon, 1842,
Soc., 1562, . 25. ;

, p.

that Aristotle was well awaro of the
change in mental disposition in old
hens. The easo of tho fomalo door
acquiring horns js given at p. 518

al of Hor
culture,’ July 12, 1864, p. 7. Tsidors

E2
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again; the comb, wattles, and spurs do not grow to their fullsze,
and the hackles assume an intormediate appearance betwoer,
true hackles and the feathers of the hen. Cases are recordsd
of confinement alone causing analogous results. But characters
properly confined to the female are likewise acquired ; the capon
takes to sitting on eggs, and will bring up chickens; and what
is more curious, the utterly sterile male hybrids from the phea-
sant and the fowl act in the same manner, “their delight being
to watch when the hens leave their nests, and to take on
themselves the office of a sitter.”* That admirable observer
Réaumur® assorts that a cock, by being long confined in solitude
and darkness, can be taught to take charge of young chickens ;
Te then utters a peculiar cry, and retains during his whole lify
this newly acquired maternal instinct. The many well-ascer-
tained cases of various male mammals giving milk, show that
their rudimentary mammary glands retain this capacity in o
latent condition.

We thus see that in many, probably in all cases, the secondary
characters of each sex lio dormant or latent in the opposite sex,
ready to be evolved under peculiar circumstances. We can
thus understand how, for instance, it is possible for a good
milking cow to transmit her good qualities throngh her malo
offspring to future generations; for we may confidently believe
that these qualities are present, though latent, in the males
of each generation. o it is with the game-cock, who can trans-
mit his superiority in courage and vigour through his female to
his male offspring ; and with man it is known® that diseases,
such as hydrocele, necessarily confined to the male sex, can be
transmitted through the female to the grandson. Such cases
as these offer, as was remarked at the commencement of this
chapter, the simplest possible examples of reversion; and they
are intelligible on the belief that characters common to the
grandparent and grandchild of thie same sex are present, thongh
Tatent, in the intermediate parent of the opposite sex.

The subject of latent characters is so important, as we shall
see in a future chapter, that I will give another illustration.

54 ¢ Cottago Gardener,’ 1860, p. 79,
% ¢ Art de faire Eclorre,’ &c., 1749, tom. :
4 i H. Holland, ¢ Medical Notes ond Reflostions,”3rd edit, 1855, p- 31
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Many animals have the right and left sides of their body
nequally developed : this is well known to be the case with
fat-fish, in which the one side differs in thickness and colour,
and in the shape of the fins, from the other; and during the
growth of the young fish ne eye actually travels, as shown by
Steenstrup, from the lower to the upper surface.” In most flat-
fishes tho left is the blind side, but in some it is the right;
though in both cases “wrong fishes,” which are developed in
a reversed manner to what is usual, occasionally oceur, and in
Platessa flesus the vight or left side is indifferently developed,
the one us often as the other. With gasteropods or shell-fish,
the right and left sides are extremely unequal; the far greater
number of species are dextral, with rare and oceasional reversals
of development, and some fow are normally sinistral; but cer-
tain species of Bulimus, and many Achatinellw,* aro as often
sinistral as dextral. I will give an analogous case in tho great
Articulate kingdom : the two sides of Verruea® are so won-
derfully unlike, that without careful disseotion it is extremely
difficult to recognise the corresponding parts on the opposite
sides of the body ; yet it is apparently a mere matter of chance
whether it be the right or the left sido that undergoes so singu-
Tar an amount of change. One plant is known to me®in which
the flower, according as it stands on the one or other side of the
spike, is unequally developed. - In all the foregoing cases tho
two sides of the animal are porfectly symmetrical at an carly
veriod of growth. Now, whenever a species is as liable to bo
unequally developed on the one as on the other side, we may
infer that the capacity for such development is present, though
latent, in the undeveloped side. And as a reversal of develop-
ment, oceasionally occurs in animals of many kinds, this latent
capacity is probably very common,

"Tho best yet simplest instances of characters lying dormant
are, perhaps, those previously given, in which chickens and

“7 Prof. Thomson on Steenstrup’s
Views on the Obliquity of Flounders :
*Aunals und Mag. of Nat. Hist, May,
1863, p. 361.

. K. von Martens, in ¢ Annals
and Mag of Nat. Hist,, March, 1566,
».200,
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young pigeons, raised from a cross between difforently coloured
birds, are at first of ono colour, but in a year or two acquire
feathers of the colour of the other parent; for in this caso thy
tendency to a chango of plumage is clearly Tatent, in the youg
bird. So it is with hornless breeds of cattle, some of which
acquire, as they grow old, small horns. Purely bred black and
white bantams, and some other fowls, occasionally assume, with
advancing years, the red feathers of the parent-specics. I will
here add a somewhat different case, as it connects in a striking
manner latent characters of two classes. Mr. Hewitt™ possessed
an_ excellent Sebright gold-laced hen bantam, which, as sho
became old, grew diseased in her ovaria, and assumed malo
characters. In this breed the males resemble the females in all
Tespects except in their combs, wattles, spurs, and instincts;
hence it might have been expected that the diseased hen would
have assumed only those maseuline characters which are proper
to the breed, but she acquired, in addition, well-arched tail
sickle-feathers quite & foot in length, saddle-feathers on the
loins, and hackles on the neck,—ornaments which, as Mr. Hewitt
remarks, “ would be held as abominable in this breed.” The
Sebright bantam is known *to have originated about the year
1800 from a cross between a common bantam and a Polish fowl,
recrossed by a hen-tailed bantam, and carefully selected ; hence
there can hardly be a doubt that the sickle-feathers and hackles
which appeared in the old hen were derived from the Polish
fowl or common bantam ; and we thus see that not only certain
masculine characters proper to the Sebright bantam, but other
masculine characters derived from the first progenitors of the
breed, removed by a period of above sixty years, were lying
latent in this hen-bird, ready to be evolved as soon as her ovaria
became diseased.

From these several facts it must be admitted that certain
characters, capacities, and instincts may lie latent in an indi-
vidual, and even in a succession of individuals, without our being
able to detect the least signs of their presence. We have

@ < Journal of Horticulture,’ July, Tego
1864, p. 38. I have had the oppor- 6 “The Poultry Book, by Mr. Teget-
tunity of examining these romarkable  meicr, 1866, p. 241.

feathers through the kindness of Mr.
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already seen fhat tho transmission of a character from tho
grandparent to the grandchild, with its apparent omission in
the intermediate parent of the opposite sex, becomes simple on
this view. When fowls, pigeons, or cattle of different colours
are crossed, and their offspring change colour as they grow
old, or when the crossed turbit acquired the characteristic frill
after its third moult, or when purely-bred bantams partially
assume the red plumage of their prototype, we cannot doubt that
these qualities were from the first present, though latent, in the
individual animal, like the characters of a moth in the cater-
pillar.  Now, if these animals had produced offspring before
they had acquired with advancing age their new characters,
nothing is more probable than that they would have transmitted
them to some of their offspring, which in this case would in
appearance have received such characters from their grand-
parents or more distant progenitors. We should then have had
a caso of reversion, that is, of the reappearance in the child
of an ancestral character, actually present, though during youth
completely latent, in the parent; and this we may safely con-
clude is what occurs with reversions of all kinds to progenitors,
however remote.

This view of the latency in each generation of all the cha-
racters which appear through reversion, is also supported by their
actual presence in some cases during carly youth alone, or by
their more frequent appearance and greater distinctness at this
age than during maturity. We have seen that this is often
the ease with the stripes on the legs and faces of the several
species of the horse-genus. The Himalayan rabbit, when crossed,
sometimes produces offspring which revert to the parent silver.
grey breed, and we have scen that in purely bred animals
pale-grey fur occasionally reappears during carly youth. Black
cats, wo may feel assured, would occasionally produce by
zeversion tabbies; and on young black kittens, with a pedi
gree“known to have been long pure, faint traces of stripes
may almost always b seen which afterwards disappear. Horn.
less Suffolke cattle occasionally produce by reversion horned
animals; and Youatt * asserts that even in hornless individuals

@ Carl Vogt, ¢ Leotures on Man, Eng. translat, 1864, p. 411,
“ On Cattle, p. 174.
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“the rudiment of o horn may be often felt at an early
age.”

No doubt it appears at first sight in the highest degree jm.
probable that in_every horso of every generation there should
be a latent capacity and tendency fo produce stripes, though
these may not appear once in a thousand generations ; that i
every white, black, or other coloured. pigeon, which may have
transmitted its proper colour during centuries, there should be
Iatent capacity in the plumage to become blue and to be marked
with certain characteristic bars; that in every child in a si;
fingered family there should be the capacity for the productioy
of an additional digit; and so in other cases, Nevertheless
thero is no more inherent improbability in this being the cas
than in a useless and rudimentary organ, or even in culy o
tendency to the production of a rudimentary organ, being inhe-
rited during millions of generations, as is well known to occur
with a multitude of organic beings. There is no more inherent
improbability in each domestic pig, during a thousand genera-
tions, retaining the capacity and tendency to develop great
tusks under fitting conditions, than in the young calf having
retained for an indefinite number of generations rudimentary
incisor teeth, which never protrude through the gums.

I shall give at the end of the next chapter a summary of he
three preceding chapters; but as isolated and striking cases of
reversion have here been chiefly insisted on, I wish to guard
the reader against supposing that reversion is due to some rare
or accidental combination of circumstances. When a character,
lost during hundreds of generations, suddenly reappears, o
doubt some such combination must occur; but reversions may
be constantly observed, at least to the immediately preceding
generations, in the offspring of most unions. This has been
universally recognised in the case of hybrids and mongrels, but
it has been recognised simply from the difference between the
united forms rendering the resemblance of the offspring to
their grandparents or more remote progenitors of easy detec-
tion. Reversion is likewise almost invariably the rule, as Mr.
Sedgwick has shown, with certain discases. Henco we must
conclude that a tendency to this peculiar form of transmission
is an integral part of the general law of inheritance.
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Monstrosities.—A. large mumber of monstrous growths and of
Tesser anomalies are admitted by every one to be due to an
arrest of development, that is, fo the persistence of an em-
bryonic condition. If every horse or ass had striped logs whilst
young, the stripes which occasionally appear on these animals
when adult would have to be considered as due to the ano-
malous retention of an early - character, and not as due to
reversion. Now, the leg-stripes in the horse-genus, and some
other characters in analogous cases, are apt to oceur during
early youth and then to disappear ; thus the persistence of early
characters and reversion are brought into close connection.

But many monstrosities can hardly be considered as the result
of an arrest of development; for parts of which no trace can be
detected in the embryo, but which occur in other members of
the same class of animals or plants, occasionally appear, and
these may probably with truth be attributed to reversion. For
instance : supernumerary mammz, capable of sccreting milk,
are not extremely rare in women; and as many as five have
been observed. When four are developed, they are generally
arranged symmetrically on each side of the chest; and in one
instance a woman (the daughter of another with supernumerary
mamm) had one mamma, which yielded milk, developed in
the inguinal region. This latter case, when we remember the
position of the mamme in some of the lower animals on both
the chest and inguinal region, is highly remarkable, and leads
to the belief that in all cases the additional mammae in woman
are due to-reversion. The facts given in the last chapter on
the tendency in supernumerary digits to regrowth after amputa-
tion, indicate their relation to the digits of the lower vertebrate
animals, and lead to the suspicion that their appearance may in
some manner bs connected with reversion. But I shall have to
recur, in the chapter on pangenesis, to the abnormal multipli-
cation of organs, and likewise to their occasional transposition.
"he occasional development in man of the coceygenl vertebreo
into a short and free tail, though it thus becomes in one sense
more perfectly developed, may at the same time be considered
asan arrest of development, and as a case of reversion. The
greater frequency of a monstrous kind of proboscis in the pig
than in any other mammal, considering the position of the pig
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in the mammalian series, has likewise been attributed, perhaps
truly, to reversion®

“When flowers which aro properly irregular in stracture becoms regular
or peloric, the change is generally looked at by botanists as a return g fly
primitive state. But Dr. Maxwell Masters,* who has ably discussed this
subject, romarks that when, for instance, all the sepals of 3 Tropeolum
‘become green and of the sume shape, instead of being coloured with gn
alone prolonged into a spur, or when all the potals of a Linaria become
simple and regular, such cases may bo duc merely to an arrest of doge.
Topment; for in these flowors all tho organs during their carliost conditioy
are symmetrical, and, if arrested at this stage of growth, they would no
becomo irregular. If, morcover, the arrest wero to take placo at a still
carlier period of development, the result would be a simple tuft of green
Leaves; and 1o one probably would call this a case of reversion. D, Masters
designates the cases first alluded to as regular peloria; and others, in
‘which all the corresponding parts assume a similar form of irregularity, as
when all the potals in a Linaria become spurred, as irrogular peloria.  Wo
have no right to attribute these latter cases to reversion, until it can bo
shown to be probable that the parent-form, for instance, of the genus.
Linaria had had all its petals spurred ; for a change of this nature ‘might
result from tho spreading of an anomalous structure, in accordanco with
the law, to be discussed in a future chapter, of homologous parts tending
to vary in the sume manner. But as both forms of peloria frequently
oceur on the samo individual plant, of the Linaria,” they probably stand
in some close relation to each other. On the doctrine that peloria is
simply the result of an arrest of development, it is diffcult fo undorstund

ata very early period of growth should acquire its
full functional perfection;—how a petal, supposed to be thus arrested,
should acquire its brilliant colours, and serve as an envelope to the flower,
or a stamen produce efficient pollen; yet this oceurs with many pelorio
flowers. That pelorism is not due to mere chance variability, but either
to an arrest of development or to reversion, we may infer from an observa-
tion made by Ch. Morren® namely, that familis which have irregular
flowers often “ return by these monstrous growths to their regular form;
whilst wo never seo a regular flower realise the structure of an irregular
one.”

Somo flowers havo almost_cortainly become mors or less complfely
peloric through reversion. ~ Corydalis tuberosa properly has one of its two
noctarios colourless, destitute of nectar, only half the size of he other, and

 Tsid. Geoffroy St. Hilaire, ‘Des do Teratologio,’ 1841, pp. 184, 352
Anomalics; tom. {ii. p. 853. With @ Verlot, Des Variéis, 1863, p
respect to the mammio in women, see Nuudin, +Nouvells Archives di
tom. 1. p. 710, . 187. ‘

© Natural Hist. Review, April, In his discusion on some curiont

258, Segalsohis Lactur, Royal  pelorio calocolarias, quoted in *Journsl.

1863, p. 258,
Institution, March 16, 1860. Onsame of Horticulture, Feb. 24, 1563, P
subject, ae0 Moquin-Tundon, * Eléments 152,
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therefore, to a certain oxtent, in a rudimentary state; the pistil is curved
fowards the perfoct nectary, and tho hood, formed. of the fnner potals,
slips off tho pistil and stamens in one direction alone, so that, when a. beo
sucks the perfect nectary, the stigma and stamens are exposed and rubbed
against tho insect’s body. In several closely allied gencra, as in Dielytra,
&, there are two perfoct noctaries, the pistil is straight, and the hood
slips off on either side, according as the bee sucks cither nectary. Now,
1 have examined several flowers of Corydalis tuberosa, in which both nec-
taries were equally developed and eontained neetar; in this we see only
the redevelopment of a partially aborted organ; but with this redevelop-
‘ment the pistil becomes straight, and the hood slips off in either direction ;
5o that theso flowers have acquired tho perfoct structure, so well adapted
for insect agency, of Dielytra and its allics. Wo cannot attribute these
condapted modifications fo chance, or to correlated variability; we must
attributo them to reversion to a primordial condition of the species.

Tho peloric flowers of Pelargonium havo their five petals in all rospects
alike, and thers is no nectary; so that they resemble tho symmetrical
flowers of the closely allied Geranium-genus; but the alternate stamens
are also sometimes destitute of anthers, the shortencd filaments being left

as rudiments, and in this respect they resemble the symmetrical flowers of
the closely allied genus, Erodium. Hence we are led to look at the peloric
flowers of Pelargonium as having probably reverted to the state of some
primordial form, the progenitor of the threo closely related genera of
Pelargonium, Geranium, an

In the paloric form of Antirrldnum majus, approprintely called_tho
« Wonder? tho.fubalar and elongated flowers differ wonderfully from
thoso of tho common snapdragon; the calyx and the mouth of the corolla
consist of six equal lobes, and includo six equal instead of four un-
equal stamens.  One of the two additional stamens is manifestly formed
by the development of a microscopically minuto papilla, which may bo
found at tho base of the upper lip of the flower in all common snap
dragons, at least in nincteen plants examined by me. That this papilla
is a rudiment of a stamen was well shown by its various degrocs of dove-
lopment,in crossed plants between the common and peloric Antirrhinum.

gain, a poloric Galeobdolon luteum, gmwmg in my garden, had five equal
petals, all striped liko the ordinary lower lip, and included five equal
instead of four unequal stamens; but Mr. R. Keeley, who sent me this
plant, informs me that the flowers vary greatly, having from four to six
Iobes to the corolla, and from three to six stamens® Now, as the mem-
bers of tho two grcat families to which the Antirrhinum and Galeobdolon
belong axe properly pentamerous, with some of the parts confluent and
others suppressed, we onght ot to look at the sixth stamen and the sixth
Iobo to the corolla in cither case as due to reversion, any more than the
additional petals in double flowers in theso samo two fumilies. But the
caso s different with the fifth stamen in. the peloric Antirrhinum, which

 Tor ofhier eases of six divisions in peloric flowers of the Labiate and
Semphulariacer, see Moquin-Tandon, * Tératologie, p. 192.
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is produced by the redevelopment of o rudiment always present, and
which probably reveals to us the state of the flower, us far as tho stamens
are concerned, ot some ancient epoch. Tt is also dificult o beliove fhuy
tho other four stamens and tho potals, after an atrest of development ot
very early embryonio age, would have come o full perfoction in ol
structure, and function, unless theso organs had nt some former periog
normally passed through a similar courso of growth. Henco it appears
me probable that the progenitor of the genus Antirrhinum must at some
remote epoch havo includod five stamens and borno flowers in some degeey
resembling those now produced by the peloric form.
Lastly, T may add. that many instances have beon recorded of fowers,
not gonerally ranked as peloric, in which certain organs, normally few iy
‘number, have been abnormally augmented. As such an increase of
cannot be looked at as an arrest of development, nor as due to the rede-
velopment of rudiments, for no rudiments are presont, and s these addi.
tional parts bring the plant into closer relationship with its natural allies,
they ought probably to be viewed as reversions to a primondial condition,

These several facts show us in an interesting manner how
intimately certain abnormal states are connected togother;
namely, arrests of dovelopment causing parts to become rudi-
mentary or to be wholly suppressed, —the redevelopment of
parts at present in a more or less rudimentary condition,—the
reappearance of organs of which not a vestige can now be de-
tected,—and to these may be added, in the case of animals, the
presence during youth, and subsequent disappearance, of cer-
tain characters which occasionally are retained throughout life,
Some naturalists look at all such abnormal structures as a retum
to the ideal state of the group to which the affected being.
belongs; but it is difficult to conceive what is meant to be con-
veyed by this expression. Other naturalists maintain, with
greater probability and distinctness of view, that the common

nd of connection between the several foregoing cases is an
actual, though partial, return to the structure of the ancient
progenitor of the group. If this view bo correct, we must
believe that a vast number of characters, capable of evolution,
lie hidden in every organic being. But it would be a mistake
to suppose that the mumber is equally great in all beings.
We know, for instance, that plants of many orders occasionally
become peloric; but many more cases have been observed
in the Labiate and Scrophulariacew than in any other order;
and in one genus of the Serophulariaces, namely Linatia, no less
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than thirteen species have been described in a pelorie condition.™
On this view of the nature of peloric flowers, and bearing in
mind what has been said with respect to certain monstrosities
in the animal kingdom, we must conelude that the progenitors
of most plants and animals, though widely. different in struc-
ture, have loft an impression capable of redevelopment on the
germs of their descendants.

The fertilised germ of one of the higher animals, subjected as
it is to 80 vast a series of changes from the germinal cell o old
age,—incessantly agitated by what Quatrefages well calls the
tourbillon vital,—is perhaps the most wonderful object in nature.
It is probable that hardly a change of any kind affects
either parent, without some mark being left on the germ. But
on the doetrine of reversion, as given in this chapter, the germ
becomes a far more marvellous object, for, besides the visible
changes to which it is subjected, we must believe that it is
crowded with invisible characters, proper to both sexes, to both
the right and left side of the body, and to a long line of male
and female ancestors separated by hundreds or even thousands
of generations from the present time; and these characters,
like those written on paper with invisible ink, all lio ready to
be evolved under certain known or unknown conditions.

 Moquin-Tandon, * Tératalogie, p. 185.
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CHAPTER XIV.

INHERITANCE continued — FISEDNESS OF CHARACTER — PREPO-
TENCY — SEXUAT, LIMITATION — CORRESPONDENCE OF AGE,

FIXEDNESS OF CHARACTER APPARENTLY NOT DU T0 ANTIQUITY OF INMERITANGE —
PEPOTENCY OF TRANSWISSION 1N INDIVIDUALS OF THE SAME PA e,

THEER PRECEDING CHAPTERS.

T the two last chapters the nature and force of Inheritance, the
circumstances which interfere with its power, and the tendency
to Reversion, with its many remarkable contingencies, were dis-
cussed, In the present chapter some other related phenomena
will be treated of, as fally as my materials permit.

Fizedness of Character.

Tt is a general belief amongst breeders that the longer any
character has been transmitted by a breed, the more firmly it
will continue to be transmitted. I do not wish to dispute the
truth of the proposition, that inheritance gains strength simply
through long continuance, but I doubt whether it can be proved.
In one sense the proposition is little better than a truism; if
any character has remained constant during many generations,
it will obviously be little likely, the conditions of life remaining
the same, to vary during the mext generation. So, again, in
improving a breed, if care be taken for a length of time to
exclude all inferior individuals, the breed will obviously tend
to become truer, as it will not have been crossed during many
generations by an inferior animal. We have previously seen,
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but without being ablo to assign any cause, that, when a new
character appears, it is occasionally from the first well fixed,
or fluctuates much, or wholly fails to be transmitted. So it is
with the aggregate of slight differences which characterise a new
varicty, for some propagate their kind from the first much truer
than others. Even with plants multiplied by bulbs, layers, de.,
whichmay in one sense besaid to form partsof the same individual,
it is well known that certain varieties retain and transit through
successive bud-generations their newly-acquired characters more
truly than others. In none of these, nor in the following cases,
does there appear to be any relation between the force with
which a character is transmissible and the length of time during
which it has already been transmitted. Some varieties, such as
white and yellow hyacinths and white sweet-peas, transmit their
colours more faithfully than o the varieties which have retained
their natural colowr. In the Irish family, mentioned in the
twelfth chapter, the peculiar tortoiseshellike colouring of the
eyes was transmitted far more fuithfully than any ordinary eolour.
Ancon and Mauchamp sheep and niata cattle, which are all com-
paratively modern breeds, exhibit remarkably strong powers of
inheritance. Many similar cases could bo adduced.

As all domesticated animals and cultivated plants have varied
and yet are descended from aboriginally wild forms, which no
doubt had retuined the same character from an immensely
remote epoch, we seo that scarcely any degree of antiquity
ensures a character being transmitted perfectly true. In this
case, however, it may be said that changed conditions of life
induce certain modifications, and not that the power of inherit-
ance fails; but in every case of failure, some cause, either
internal or external, must interfere. 1t will generally be found
that the parts in our domesticated productions which have
varied, or which still continue to vary,—that s, which fail to
rotain their primordial state,—are the same with the parts which
differ in the natural species of the same genus. As, on the theory
of descent, with modification, the species of the same genus
have been modified since they branched off from a common
progenitor, it follows that the characters by which they differ
from each other bave varied whilst other parts of the orguni-
sation have remained unchanged ; and it might be argued that
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these same characters now vary under domestication, or fui]
to be inherited, owing to their Tesser antiquity. But we must
believe structures, which have already varied, would be moro
liable to go on varying, rather than structures which during
an immense lapse of time have remained unaltered; and this
variation is probably the result of certain relations between the
conditions of life and the organisation, quite independently of
the greater or less antiquity of each particular character.

TFixedness of character, or the strength of inheritance, has
often been judged of by the preponderance of certain characters
in the crossed offspring between distinct races ; but prepotency
of transmission here comes into play, and this, as wo shall imme-
diately sce, is a very different consideration from the strength
or weakness of inheritance. It has often been observed! that
breeds of animals inhabiting wild and mountainous countries
cannot be permanently modlified by our improved breeds; and
as these latter are of modern origin, it has been thought that
the greater antiquity of the wilder breeds has been the causo
of their resistance to improvement by crossing; but it is
more probably due to their structure and constitution being
better adapted to the surrounding conditions. When plants
are first subjected to culture, it has been found that, during
several generations, they transmit their characters truly, that is,
do not vary, and this has been attributed to ancient characters
being strongly inherited; but it may with equal or greater
‘probability be consequent on changed conditions of life requiring
a long time for thei ive action. i ing these
considerations, it would perhaps be rash to deny that characters
become more strongly fixed the longer they are transmitted;
but I believe that the proposition resolves itself into this,
—that all characters of all kinds, whether new or old, tend
to be inberited, and that those which have already withstood
all counteracting influences and been truly transmitted, will, as
a general rule, continue to withstand them, and consequently
be faithfully inherited.

1 See Youstt on Cattle, pp. 92, 69, 78, 88, 163 : and Youatt on Sheep, p- 325
Also Dr. Lucas, * L'Héréd. Nat, tom. i. p. 310.
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Prepotency in the Transmission of Character.

When individuals distinct enough to b recognised, but of
the same family, or when two well-marked races, or two
species are crossd, tho usual result, as stated in the previous
chapter, is, that the offspring in the first generation are inter.
mediate between their parents, or resemblo one parent in one
part and  the other parent in another part. But this is by
1o means the invariablo rule; for in many cases it is found
that certain individuals, races, and species, aro prepotent in
transmitting their likeness. This subject has been ably discussed
by Prosper Lucas;? but is rendered extremely complicated by
the prepotency sometimes running equally in both sexes, and
sometimes moto strongly in one sex than in the other; it is
likewise complicated by the presence of secondary sexual cha-
racters, which render ‘the comparison of mongrels with their
parent-breeds difficult,

It would appear that in certain families some one ancestor,
and after him others in the same family, must have had great
power in transmitting their likeness through the male line ;
for we cannot otherwise understand how the same foatures
should 5o often be transmitted after marriages with various
females, as has been the case with the Austrian Emperors, and
as, according to Niebuhr, formerly oceurred in certain Roman
families with their mental qualities® The famous bull Favourite
is believed* to have had a Prepotent influence on the short-
‘horn race. 1t has also been observed® with English race-horses
that certain mares have generally transmitted their own cha-
racter, whilst other mares of equally pure blood have allowed the
character of the sire to preval,

The truth of the principle of Prepotency comes out more clearly when
goriain maces are crossed. The improved Shorthorn, notwithstanding
ively modern, are gencrally acknowledged to

T s ohi oo in impressing their Tikeness on il ofher breeds; and
it is chiefly in consequence of his Yower that they are so highly valued

o ‘HOG. Nab? tom. i, pp 119, 4 * Gardener's Chronicle, 1860, p 270,
‘—-:'( 5 Mr. N. H. Smith, Observations on
.- SirH. Holland,  Chapters on Meng1 Breeding, quoted in * Encyclop. of Rural
Physiclogy, 1852, p, 254, Sports” 1. 278,

YOL. 11, r
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for exportation.” Godine has given a curions case of a ram
breed of sheep from the Cape of Good Hope, which producol ofpring
hardly to be distinguished from himself, when crossed with eyes pf
twelve other breeds. But two of these halt-bred ewes, when put t
a merino_ ram, produced lambs closely rescmbling the merino brecd.
Girou de Buzareingues? found that of two races of French sheep the
of one, when crossed during successive gencrations with mers
yielded up their character far sooner than the ewes of tho other raen
Sturm and Giron have given analogons cases with other breeds of shoep
and with cattle, the prepotency running in these caces through the ma
sido; but T was assured on good authority in South America, that when
ninta eattlo aro crossed with common cattle, though the niata breed is pre.
potent whether males or females are used, et that the prepotency iy
strongest through tho fomale line. The Manx cat fs failess and has g
hind legs; Dr. Wilson crossed a male Manx with common cats, and, onf
of twenty-three kittens, seventeen were destitute of tails; but when the
female Manx was crossed by common malo eats all the kittens had tail,
though they were generally short and imperfect.s
In making reciprocal crosses betwoen pouter and fantail pigeons, fhe
pouter-race seemed to be prepotent through both sexes over the fantail,
But this is probably due to weak power in the fantail rather than to any
unusually strong power in the pouter, for I have observed that barhs alsy
‘preponderated over fantails. This weakness of transmission in the funtai,
though the breed is an ancient one, is said? to be general; but I have
observed one exception to the rule, namely, in a cross between a fantail
and laugher. The most curions instance known to me of weak power in
both sexes is in the trumpeter pigeon. This breed has been well known for
at least 130 years: it breeds perfectly true, as T have heen assured by those
who have long kept many birds: it is characterised by a peculinr tuft of
feathers over the beak, by a crest on the head, by a most peculiar coo
quite unlike that of any other breed, and by much-feathered fect. 1 have
crossed both sexes with turbits of two sub-breeds, with almond tumbers,
spots, and runts, and re¢ d and though
the crest on the head and feathered fect wero inherited (as is generally
the case with most breeds), T have never seen a vestige of the tuft over
the beak or heard he peculiar coo. Boitard and Corbi6™® assert that this
is the invariable result of crossing trumpeters with any other breed:
ister,? r, states that in Germany ‘been obtained,
though very rarely, which were furnished with the tuft and would trampet
Dut a pair of these mongrels with a tuft, which I imported, never trumpeted.
Mr. Brent states ™ that the crossed offspring of a trumpeter were crossed

of & goat-like

e owes

¢ Quoted by Bronn, * Geschichte der 5 Mr. Orton, * Physiology of Broed-
Natur, b, fi. s 170. See Sturm, ing] 155, p. 9.

“Usber Racen,’ 1825, 5. 104-107. For * Boitard and Cor
the niata cattle, seo my *Journal of 1824, p. 224.

Rescarches, 1845, p. 146. 10 * Les Pigeons, pp. 168, 198.
7 Lucas, ‘IHérédité Nat,’ tom. ii. p. 1 *Das Ganze,’ &c., 1857, 8 80.
1z, 12 ¢The Pigeon Book,’ p. 46.
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with trampeters for threo generations, by which time the mongrels had
7-8ths of this blood in their veins, yot tho tuft over the beak did ot
appenr. At the fourth generation the tuft appeared, but the birds, thougl
now having 15-16ths trumpeter's blood, stil did not trumpet. This eqge
well shows the wide differenco botween inheritanco and..prepotency; for
here wo have a well-cstablished old raco which transmits its characters
faithfully, but which, when crossed with any other race, has the feoblost
‘power of transmitting its two chief characteristic qualitics,

Twill give one other instance with fowls and pigeons of weakness and
strength in the transmission of th to thei offspring.
Lho Sill-fow breeds true, and thero is reason to believe is & vary ancient
ruce; but when I reared. a largo number of mongrels from a Silk-hen by a
Spanish cock, not one exhibited even a trace of the so-called silkiness, Mr.
Heitt also assorts that in no instance are the silky feathers transmitted
by this bread when crossed with any other variety. But three birds ont
of many raised by Mr. Orton from a cross between a silk-cock and & ban-

progeny. On the other hand, there is o silk sub-varioty of the fantail
Pigeon, which has its foathers in nearly the same state as in the Silk-fowl :

Yarlety when crossed with any other smallsized race invariably trans-
mits its silky feathors!

Lho law of propotency comes into action when species aro crossed, as
ith races and individuals. ~Girtuer has unequivocally shown’ that {his
s the caso with plants. To givo one instance: when Nicotiuna pamicu.
{ata and vinceflora aro crossed, tho character of N. paniculata is almost
completely lost in the hybrid; bus if N. quadrivalois be orossed with
. vincajlora, this lntter spocies, which was beforo o prepotent, now
in its turn almost disappears under the powor of . quadriveduis. Tt i
remarkable that the prepotency of ono species over another in transmission
s duito independent, a5 shown by Gartuor, of tho greater or loss fucility
‘with which the one fertilises the other.

With animals, the jackal is prepotent over the dog, as is Hated by
Flourens who made many crosses between theso animale: and /thiy o
Akewiso the caso with o hybrid which T once saw betwoon & jackal and

@

ouning moro sttongly through the malo than throngh the femalo s, s
that the mulo resembles the ass more closely than does the hinny The

e ysclogy of Broeding; 7. 22;  Muséum, tom. . p. 149) gives a striking
o Hewith fo.Tho Boultey Book, by fustmace s prabolency - Do st s
Tegetmeier, 1866, p. 224, mium when crosed with two other
specios,

* Boitard and Corbié,* Les Pigoons, .

1824, p. 236, ; 1 Flourens, * Longévité Humaine;
Tl R e ) ekl
- Naudia (‘Nouvelles Archives du  respect to the diffreice betmoen, os
F2
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63 INHERITANCE. Cuke. x1v,
male pheasant, judging from Mr. Hewit’s deseriptions” and from the
Tybrids which I have seen, preponderates over the domestic fowl; but
Tl o 1 i e power of trans.
mission, for hybrids raised from five differently coloured hens differed
greatly in plumage. T formerly examined some curious hybrids in the
Zoological Gardens, betwcen the Penguin variety of the common duck
and the Eygyptian goose (Anser Agyptiacus); and although T will not
assert that the domesticated variety preponderated over the natural o
yet it had strongly impressed its unatural upright figure on these hybrids,

am aware that such cases s the foregoing have boon ascribed by varions
authors, not to one species, race, or individual being prepotent over fhe
othier in impressing its character on its crossed offspring, but o such
rules as that th futher influences tho external characters and the mother
the internal or vital organs. But the great diversity of the rules given by
varions authors almost proves their falseness. Dr. Prosper Lucas has
fully discnssed this point, and has shown™ that none of the rules (and
T eould add others to thoso quoted by him) apply to all animals. Similar
rules have been enounced for plants, and have been proved by Giirtner®
el emmani: 11 ¥ soutis oo vew o the domestalal ot
a singlo species, or perhaps even to the species of the , some
ST e e e e
crossing various broeds of fowls the male generally gives colour;® ut
conspicuous exceptions have pussed under my own eyes. Tn sheep it seems
that the ram usnally gives its peculiar horns and fleece to its crossed
offspring, and the bull the presence or absence of horns.

i the following chapter on Crossing T-shall have occasion to show that
certain characters aro rarely or never blended by crossing, but are truns-

mulo and the hinny, T am awaro that ¥ Mr. Howitt, who has had such

Ui bas generaly bon utebuted o gt expaieno i ng s
the sire and dum transmitting their  brids, sys ( Poulry Book,' by )

characters differeut] Colin, who  Tegetmor, 1866, pp- fraratiited
LT Comp, all, tho head was destitate of wattls,

557-589, tho fullest deserip-
Lmn which T havo met with of theso

accounted for by the males of

comb, and ear-lappets; and all closcly
rosembled the pheasant in the shape of
thetail and general contourof the body.
These ybrids wero raised from heus
of severl breeds by a cock-pheasant;
but another hybrid, described by Mr.
owidt,wasrid trom o J-pessnt
by o silverlaced B k, wod

this possessed a S et
wailes.

*L'Hérdd. Nat, tom. . book fi.

;s 201066

P s po
this part of their structure; but a com-
pound hybrid which I saw in tho
Zoologieal Gardens, from o mare by
a Dybrid ass-zcbra, closely resembled
its mother in its tuil,

Noudin ¢ Nourolls Arshires au
Muséum,’ tom. i. p. 148) has srrived
R e it

» <Cottage Gardencs
197,

1856, pp. 101,
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mitted in an nnmodified state from cither parent-form ; T refer fo this
fact here becanse it s sometimes accompanied on the one side by prepotency,
which thus acquires the false appearance of unusual strength. In the
same chapter T shall show that the rate at which a species or breed absorbs
and obliterates another by repeated erosses, depends in chief part on pro-
‘potency in transmission.

In conclusion, some of the cases above given,—for instance,
that of the trumpeter pigeon,—prove that there is a wide dif-
ference between mere inheritance and prepotency. This latter
power seems to us, in our ignorance, to act in most cases quite
capriciously. The very same character, even though it be
an abnormal or monstrous one, such as silky feathers, may be
transmitted by different species, when crossed, either with
prepotent force or singular feebleness. It is obvious, that a.
purely-bred form of either sex, in all cases in which prepotency
does mot run more strongly in one sex than the' other, will
transmit its character with prepotent force over a mongrelized
and already variable form*  From several of the above-
given cases we may conclude that mere antiquity of character
does ot by any means necessarily make it prepotent. In
some. cases’ prepotency apparently depends on the sume cha-
racter being present and visible in one of the two breeds
which are crossed, and latent or invisible in the other breed ;
and in this case it is natural that the character which is poten-
tially preseut in both should be prepotent. Thus, we have
reason to believe that there is a latent tendency in all horses
to be dun-coloured and striped ; and when a horse of this kind
is crossed with one of any other colour, it is said that the off-
spring are almost sure to be striped. Sheep have a similar
Iatent tendency to become dark-coloured, and we have seen with
what prepotent force a ram with a few black spots, when crossed
with white sheep of various breeds, coloured its offspring. ~ All
pigeons have a latent tendency to become slaty-blue, with certain
characteristic marks, and it is known that, when a bird thus
coloured is crossed with one of any other colour, it is most diffi
cult afterwards to eradicate the blue tint. A nearly parallel
case is offered by those black bantams which, us they grow

B oo some rema

this head with respect o sheep by Mr. Wikan, in
irdner’s Clxovicle,’ 1865, p. 15,
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old, develop n latent tendency to acquiro red foathers, By
there are exceptions to the rule: homless breeds of cattle
possess a latent capacity to reproduce horns, yet when erossed
with horned breeds they do not invariably produce ofipring
bearing horns.

We meet with analogous cases with plants. Striped flowers,
though they can be propagated truly by seed, have a latent ten.
dency to become uniformly coloured, but when once crossed by
a niformly coloured variety, they ever afterwards fail to pro-
duce striped seedlings® Another ease is in some respects more
curious: plants bearing peloric or regular flowers have so strong
a latent tendency to reproduce their normally irregular flowers,
that this often occurs by buds when a plant is transplanted into
poorer or richor soil2 Now I erossed the peloric snapdragon
(Antirrhinum majus), described in the last chapter, with pollen
of the common form ; and the latter, reciprocally, with peloric
pollen: T thus raised two great beds of seedlings, and not one
was peloric. Naudin® obtained the same result from erossing a
peloric Linaria with the common form. T carefally examined the
flowers of ninety plants of the crossed Antirrhinum in the two
beds, and their structure had not been in the least affected by the
cross, except that in a few instances the minute rudiment of the
fifth stamen, which is always present, was more fully or even
completely developed. Tt must not be supposed that this entire
obliteration of the peloric structure in the crossed plants can
beraccounted for by any incapacity of transmission; for I raised
a large bed of plants from the peloric Antirrhinum, artificially
fertilised by its own pollen, and sixteen plants, which aloue
survived the winter, were all as perfoctly peloric as the parent-
plant. Here we have a good instance of the wide difference
between the inheritanco of a character and the power of trans-
mitting it to crossed offspring. The crossed plants, which per-
fectly resembled the common snapdragon, were allowed to sow
themselves, and out of a hundred and twenty-seven seedlings,
cighty-cight proved to be common snapdragons, two were in an
intermediate condition between the peloric and normal state,

= Verlot, “Des Varictés, 1865, p. 66.
2 Moquin-Tandon, * Tératologie,' p, 191
“Nouvelles Arelives du Muséum, tom.
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and thirty-seven were perfectly peloric, having reverted to the
structure of their one grandparent. This case seems at first sight
to offer an exception to the rulo formerly given, namely, that a
character which is present in one form and latent in the other is
generally transmitted with prepotent force when the two forms
are crossed. Tor in all the Serophulariacew, and especially in the
genera Antirrhinum and Linaria, there is,as was shown in the last
chapter, a strong latent tendency to become peloric; and there
is also, s we have just seen, a still stronger tendency in all
peloric plants to reacquire their normal frregular structure.
So that we have two opposed latent tendencies in the same plants,
Now, with the crossed Antirrhinums the tendency to produce
normal or irregular flowers, like those of the common Snap-
dragon, prevailed in the first generation whilst the tendency
to pelorism, appearing to guin strength by the intermission of
& generation, prevailed to o large extent in the second set of
scodlings. How it is possible for u character to gain strength
by the intermission of a generation, will be considered in the
chapter on pangenesis.

On the whole, the subject of prepotency is extremely intri-
cate,—from its varying so much in strength, even in regard to
the same character, in different animals,—from its running either
equally in both sexes, or, as frequently is the case with animals,
but not with plants, much stronger in the one sex than the
other,—from the existence of secondary sexual characters—
from the transmission of cortain characters being limited, as we
shall immediately sce, by sex,—from certain characters not
blending together,—and, perhaps, occasionally from the effects
of a previous fertilisation on the mother. It is therefore not
suxprising that overy one hiherto has been baffled in drawing
up general rules on the subject of prepotency.

Tuleritance as linited by Sez.

New characters often appear in one sex, and are afterwards
transmitted to the same sex, either exclusively or in a much
greater degreo than to the other. This subject is important,
because with animals of many kinds in a state of nature, both
bigh and low in the scale, secondary sexual characters, not in
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any way directly connected with the or

rgans of reproduction, are
often conspicuously present. With our domestiated. anipaly.
also, theso samo secondary characters are often found to diff;
greatly from the stato in which they exist in the purent.

species. And the principle of inheritance as limited by sex
shows how such characters might Lave been first acquired and
subsequently modified.

Dr. P. Lucas, who has collected many facts on this subject, shows®
that when a poculiarity, in no manner connected with th reprotuctive
organs, appenrs in either parent, it is often transmitted exclusively to the
offspring of the sum sex, or to a much greater number of them thag of
the opposite sex. Thus, in tho family of Lambert, the horn-like projoctions
on the skin wero transmitted from the father 10 his sons and grandsons
alono; so it hns been with other cases of ichthyosis, with supermumerary
digits, with a deficiency of digits and phalanges, and in a lesser degres
‘with various diseases, especially with colowr-blindness, and a hemorrhagie
diathosis, that is, an_extreme liability to profuse and uncontrollabls
bleeding from trifling wounds. On the other hand, mothers have frars.
mitted, during soveral generations, to their daughters alone, supermmerary
and deficient digits, colonr-blindness, and other peculiaritics. So that we
seo that the very same peculiarity may become attached fo cither sex,
and be long inherited by that sox alone; but the attachment in certain
cases is much more frequent to one than the other sex. The same peculic
arities also may be promiscuously transnitted toeither sex. Dr. Lucas gives
other eases, showing that the malo oceasionally transmits his peculirities
to his daughters alone, and the mother to her sons alone; but even in this
case we see that inheritance is to a cortain extent, thongh inversely,
regulated by sex. Dr. Lucas, after weighing the whole evidence, comes
to the conclusion that every peculiarity, according to the sex in which
it first appears, tends o be transmitted in a greater or lesser degreo o
that sex.

A few details from the many cases collected by Mr. Sedgwick® may be
here given. Colour-blindness, from some unknown cause, shows itsclf
much oftener in males than in females; in upwards of two hundred cases
collected by Mr. Sedgwick, nine-tenths related to men; but it is eminently
Liable to be transmitted through women. In the case given by Dr. Earle,
members of eight related families were affected during five generations:
th ilies consisted of sixt; ividuals, namely, of thirty-two mal
of whom nine-sixteenths were incapable of distinguishing colour, and of
twenty-nine females, of whom only one-fifteenth were thus affected. Al

» ‘L'Héréd. Nat,’ fom. ii. pp. 187-  tary Discases, * Brit. and For. Mol.

165.  See, also, Mr. Redgwick’s four  Chirurg, 1861, p. 477

memoirs, immediately to be referred to.  July, p, 198; April, 1565, p. 415; aad
% On Sexual Limitation in Heredi-  July, p, 129,
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though colour-blindness thus generally clings to the malo sex, nevertheless,

in ono instance in which it first appeared in a fomale, it was transmitted

during five generations to thirteen indmdmls, all of whom were fomales.
i s Wiy

b ailiot Al 5 s itted, however,
through tho fomales. Tt is said that deficient phalanges in the fingers have
‘Deen inherited by the females alone during ten generations. In anothor
case, a man thus deficient in both hands and. foot, transmitted tho pecu-
larty to his two sons unl ono dungher; but n tho third goneration,
out of ninoteen grandehildren, twelve sons had the family defoct, whilst
the seven daughters wero freo. In ordinary cases of sexual um.mmn, the
sons or daughters inherit the peculiarity, whatever it may be, from their
father or mother, and transmit it to their children of the same sex; but
enerally with tho hismorehagio iathess, and ofin with colo rb .un s,
and in some other cases, the sons nover inherit the irectly
{fom thtr fthers, b i Ganghers,snd. the Ganghters o, akty
tho latent tendency, o that the sons of th daughters alone exhibit it.
Thus, tho father, grandson, and. great-great-grandson will exhibit
linrity,—the_grandmother, daughter, and great-granddaughter having
transmitted it in o latent state. Hence we have, as Mr. Sedgwick remarks,
& double kind of atavism or roversion ; each grandson apparently receiving
sod deloping the pleulischy from his grandtutha, and ok dasghite
apparently roeeiving tho ltent fondency from e grandmothe
the various facts reconded. by Dr. Prosper Lucas, i, Sedgwick,

o0 s sk o o ot Akl first appearing in either
sex, though not in any way necessarily or invariably conneeted with that
sex; strongly tend to be inherited by the offspring of the same sex, but are
often transmitted in a latent state throngh the opposito sex

Turning now to domesticated animals, we find that certain characters
not proper to the parent-species aro often confined to, and inherited by,
one sex alone; but we do not know the history of the first appearance of
such characters. In the chapter on Sheep, wo have secn that th males
of certain races differ greatly from the females in the shape of their horns,
these being absent in tho ewes of somo breeds, in the dovelopment of fat
in the tail in certain fat-tailed breeds, and in the outlino of the forchead.
These differences, judging from the character of the allied wild species,
cannot be accounted for by supposing that they have been derived from
distinct parent-forms. There is, also,  great difference between the horns
of tho two sexes in one Indian breed of gonts. The bull zebu is said to
have a larger lumy than the cow. In the Scotch doer-hound the two sexes
differ in size moro than in any other variety of the dog and, jud
analogy, more than n the aboriginal parnt-spocic. Tho péculine s
called hell is very rarely s
e R e man beforo tho advent
of old ago is certainly inherited; and in the European, or ot least in

W, Scrope, ¢ Art of Deer Stalking p. 354,
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Englishman, is an attribute of the male sex, and may almost be ranked
as an incipient. secondary sexual character,
1In various breeds of the fowl the males and females often differ greatly;
and theso differoncos are far from being the same with thoso Wiy 11
tinguish the &wo scxs in the parent-spocios the Gallus bankivss ey
consequently have originated under domestication. Tn certain sub-varioties
of the Game raco we have the unusual case of the hens differing from
each other more than the cocks, In an Indian breed of a white colour
stained with soot, the hens invariably have black skins, and their bones are
covered by & black periosteum, whilst the cocks are never or most Tarely
thus chamcterised. Pigeons offer a more intercsting ouse; for the.
sexes rarely differ throughout the whole great family, and the males and
females of the parent-form, the (', livia, ave undistinguishable; yet wo have
seen that with Pouters the male has the characteristic quality of pouting
more strongly developed than the female; and in certain sub-varieties
the males alone are spotted or striated with black. When male and female
English carrier-pigeons are exhibited in separate pens, the difference in
the development of the wattle over the beak and round the eyes is con-
So that here we havo instances of the appearance of secondary
15 in the domesticated races of a species in which such dif
ferences are naturally quite absent.

On the other hand, secondary sexual characters which pro-
perly belong to the species are sometimes quite lost, or greatly
diminished, under domestication. We see this in the small size
of the tusks in our improved breeds of the pig, in comparison
with those of the wild boar. There are sub-breeds of fowls
in which the males have lost the fine-flowing tail-feathers and
hackles; and others in which there is no difference in colour
between the two sexes. In some cases the barred plumage,
which in gallinaceous birds is commonly the attribute of the
hen, has been transferred to the cock, as in the cuckoo sub-
breeds. In other cases masculine characters have been partly
transforred to the female, as with the splendid plumage of the
golden-spangled Hamburgh hen, the enlarged comb of the Spanish
Tien, the pugnacious disposition of the Game hen, and as in the
well-developed spurs which occasionally appear in the hens of
various breeds. In Polish fowls both sexes are omnmell%ed
with a topknot, that of the male being formed of hackle-like
feathers, and this is a new male character in the genus Gallus.
On the whole, as far as T can judge, new characters are more apt

* Boitard and Corbié, “Les Pigeons; p. 178; Dr. , Chapuis, ‘Lo Pigeon
Voyageur Belge, 1865, p. §7,
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to appear in the males of our domesticated animals than in
the females, and afterwards to be either exclusively or more
strongly inherited by the males. Finally, in accordance with
the principle of iuberitanco as limited by sex, the appearanco
of secondary sexual characters in natural species offers no especial
difficulty, and their subsequent increase and modification, if of
any service o the species, would follow through that form of
selection which in my *Origin of Species’ I have called sexual
selection,

Inheritance at corresponding periods of Life.

This is an important subject. Since the publication of my
“Origin of Species,” T have seen no reason to doubt the truth
of the explanation there given of perhaps the most remark-
able of all the facts in biology, namely, the difference between
the embryo and the adult animal. The explanation is, that
variations do not necessarily or generally occur at a very early
period of embryonic growth, and that such variations are inhe-
rited at a corresponding age. As a consequence of this the
embryo, even when the parent-form undergoes a great amount
of modification, is left only slightly modified ; and the embryos
of widely-different animals which are descended from & common
progenitor remain in many important respects like each other
and their common progenitor. We can thus understand why
embryology should throw a flood of light on the natural system of
classification, for this ought to be as far as possible genealogical.
When the embryo leads an independent life, that is, becomes a
larva, it has to be adapted to the surrounding conditions in its
structure and instincts, independently of those of its parents;
and the principle of inheritance at corresponding periods of life
renders this possible,

This principle is, indeed, in one way o obvious that it
escapes attention, We possess a number of races of animals
and plants, which, when compared with each other and with
their parent-forms, present i diffe both in the
immature and mature states. Look at the sceds of the several
kinds of peas, beans, maize, which can be propagated truly, and
see how they differ in size, colour, and shape, whilst the full-
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grown plants differ but little. Cabbages on the other hand differ
reatly in foliage and manner of growth, but hardly at g 5
their sceds; and generally it will be found that the difference,
between cultivated plants at different periods of growth are ot
necessarily closely conneeted together, for plants may diffs
much in their seeds and little when fall-grown, and conversely
may yield seeds hardly distinguishable, yet differ much when gy
grown. Tn the several breeds of poultry, descended from asingl
specics, diffrences in the oggs and chickens, in the plumage
the first and subsequent moults, in the comb and wattles during.
maturity, are all inherited. With man peculiarities in the mill
and second teeth, of which I have received the details, are inhe-
ritable, and with man longevity is often transmitted. ~So agaia
with oux improved breeds of cattle and shep, carly maturiy,
ineluding the early development of the teeth, and with certaiy
breeds of fowl the early appearance of secondary sexual chae
racters, all come under the same head of inheritance at
corresponding periods.

Numerous analogous facts could be given. The silk-moth,
perhaps, offers the best instance; for in the breeds which,
transmit their characters truly, the eggs differ in size, colour,
and shape;—the caterpillars differ, in moulting three or four
times, in colour, even in having a dark-coloured mark like an
eyebrow, and in the loss of certain instincts ;—the cocoons differ
in size, shape, and in the colour and quality of the silk; these
several differences being followed by slight or barely distine
guishable differences in the mature moth.

But it may be said that, if in the above cases a new pecu-
liarity is inherited, it must be at the corresponding stage of
development; for an egg or seed can resemble only an egg or
seed, and the Lorn in a full-grown ox can resemble only a horn.
The following cases show inheritance at corresponding’ periods
more plainly, because they refer to peculiarities which might
have supervened, as far as we can see, carlier or later in life,
yet are inherited at the same period a which they first ap-
peared,

In the Lambert funily the porcupine-like excrescences appeared i
the father and sons at the same age, namely, about nine weeks after
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birth® Tn the extraordinary hairy family described by Mr. Crawfurd,®
children wero produced during three generations with iry cars; in the
father the hair began to grow over his body at six years old; in his
daughter somewhat earlier, namely, at ono year; and in both generations
the milk teeth appeared late in life, the permanent tecth being afterwards
singularly deficient. Groyness of hair at an umusually early age has been
trausmitfed in some families. These cases border on diseases inherited
at corresponding periods of life, to which T shall immediately refer.

Tt is a well-known peculiarity with almond-tumbler pigoons, that the
full beanty and peenliar character of the plumage docs not appear until
the bird as moulted two or three times. Neumoister describes and
figures a breed of pigeons in which the whole body is white except the
breast, neck, and head; but beforo the first moult all the white feathers
acquire coloured edges.  Another breed is more remarkable: its first
plumage s black, with rusty-red wing-bars and o crescent-shaped
mark on the breast; these marks then bocome white, and remain so
during three or four moults; but after this period the white spreads
over the body, and the bird loses its beanty Prize canary-birds have
their wings and tail black : * this eolour, however, is only retained until
 the first moult, so that they must boexhibited ere the chango takes place.
“ O ted, i ed. Of courseall the bi i
« from this stock have black wings and tails the first year.”® A curious
and somewhat analogous account has heen given® of a fumily of wild pied
rooks which wero first observed in 1798, near Chalfont, and which cvery

These changes of plumage, which appear and are inherited at various
corresponding periods of lifo in the pigeon, canary-bird, and rook, are
remarkablo, bocause the parent-spocies undergo no such change.

Tnherited diseases afford evidence in some rspects of less value than the
foregoing cases, becanse diseases are not necessarily conneeted with any
change in structure; but in other Tespects of moro value, because the
periods have been more carefully observed. Certain disensos are com-
municated to the child_apparently by a process like inoeulation, and tho
child is from tho first affocted ; such cases may be here passed over. Large
classos of diseases usnally appear at certain agos, such as St. Vitus's danco
in youth, consumption in early mid-life, gout later, and apoplexy still
later; and these are naturally inherited at the same period. But even
in diseases of this class, instances have been recorded, as with St. Vitus's

2 Prichord,  Phys. Hist.of Mankind, * Das Ganze der Taubenzucht,’ 1857,

1851, vol. . p. 345, 5 21, tab. i, fig. 4; 5 24, tab. iv.,
© *Embassy to the Court of Ava; fiy,

vol.i. p. 320, The hird generation is Kidd's *Treatise on the Canary,’

deseribed by Capt. Yulo in bis ‘Nurra- . 18,

tive of the Mission to the Court of Ava, 8 Charlesworth, * Mag. of Nat. Hist,

1855, p. 94. vol. . 1887, p. 167.
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dance, showing that an wnusually early or lato tendency fo the discase
s inheritable* In most casos tho appearance of any inherited discase g5
largely determined by certain critical periods in cach person's lfe, s woll
as by unfavourablo conditions. Thoro are many other diseases, whicl
are not attached to any partict period, but which certainly tend to
apponr ju tho child at abont the samo ago af which the parent was fin
attacked.  An array of high authorities, ancient and modern, could by
given in support of this proposition. Tho illustrious Huntor beliovey
in it; and Piorry® cautions the physician to look closely to the child
at the period when any grave inheritablo discaso attacked the parent,
Dr. Prospor Lucas,” after collecting fucts from every sourco, asserts thai
affections of all kinds, though not related to any particular period of life,
tend to reappear in the offspring at whatever period of lifo they first
appeared in the progenitor.

As tho subject is important, it may bowell to give a fow instances, simply
as illustrations, not as proof; for proof, recourse must be had to the antho-
zities above quoted. Somo of the following cases have been selected for
the sake of showing that, when a slight departure from the rule ‘occurs,
the child is affocted somewhat earlier in lifo than the parent. In the
family of Lo Compte blindness was  inharited during three goncrations,
and no less than thirty-seven children and grandehildron were all affected
at about the same age, namely seventeen or eighteen® In another
case a father and his four children all became blind at twenty-one years
old; in_another, a grandmother grow blind at thirty-ive, her danghter at
mineteen, and three grandchildren at the agos of thirteen and eleven® So
with deafness, two brothers, their father and paternal grandfather, all
Tecame deaf at the age of forty.®

Esquirol gives several striking instances of insanity coming on at the
same age, as that of a grandfather, father, and son, who all committed
suicido near their fiftieth year. Many other cases could bo given, as of
a whole family who became insane at the age of forty.® Other cerobral
affections sometimes follow the same rule,—for instance, epilepsy and
apoplexy. A woman died of the latter disease when sixty-three years old;
one of her daughters at forty-three, and the other at sixty-seven: the
Intter had twelve children, who all died from tubereular meningitis® 1
mention this latter case becanse it illustrates a frequent occurrence,

mely, a chango in the procise nature of an inherited discase, thouglh
still affocting the same organ.

# Dr. Prosper Lucas, *Heréd, Nat,' T have not been able to consult), and all

tom. i p. 713, differ in the details!| but as they agre

® “L7Héréd. dans les Maladics, 1840,  in the main fucts, I Lave ventured fo
rlan’s

P. 185 For Hunter, see Hu quote thia case.
*Med. Researches, p. 530,  Prosper Lucas, ‘Héréd. Nut bm.
3 ¢ IHeréd. Nut., tom. il p. 850. i, p. 400.

5 Sedgwick, *Brit. and For. Med- 3 Sedgwick, idem, July, 1561, p. 202
i © Piorry, p. 109; Prosper Lucas,

1 have scen threo accounts, all faken tom. ii. p. 759,
from tho sume original authority (which 41 Prosper Lucas, tom.

P78,
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Asthma has attacked several members of the same family when forty
years old, and other families during infancy. The most different diseases, as
angina pectoris, stone in_the bladder, and various affections of the skin,
have appeared in successive generations at nearly the same age. The little
finger of a man began from some unknown cause to grow inwards, and
tho samo fingor in bis two sons began at the same age to bend inwards in a
similar manner. Strange and inexplicable neuralgic affections have caused
patents and children to suffer agonies at about the same period of life.

1 will give only two other cases, which are interesting as illustrating the
disappearance as well as the appearance of disease at the sume age. Two
brothers, their father, their paternal uncles, seven cousins, and their
paternal grandfather, were all similarly affected by a skin-disease, called
pityriasis versicolor ; “the diseaso, strictly limited to the males of the
family (though transmitted through the females), usually appeared at
puberty, and disappeared at about the age of forty or forty-five
Tho second case is that of four brothers, who when about twelve years old
suffered almost every week from severe headaches, which were relioved
only by a recumbent position in a dark room. Their father, paternal
uncles, paternal grandfather, and. paternal granduncles all suffered in the
same way from headaches, which ceased at the age of fifty-four or fifty-five
in all those who lived 50 long. None of tho females of the family were
affected.®

Tt is impossible to read the foregoing accounts, and the
many others which have been recorded, of diseases coming
on during three or even moro generations, at the same
age in several members of the same family, especially in the
case of rare affections in which the coincidence cannot be
attributed to chance, and doubt that there is a strong tendency
o inher in disease at ing periods of life.
‘When the rule fails, the disease is apt to come on earlier in the
child than in the parent; the exceptions in the other direc-
tion being very much rarer. Dr. Lucas“ alludes to several
cases of inherited diseases coming on at an earlier period. T
have already given one striking instance with blindness during
threo generations; and Mr. Bowman remarks that this frequently
occurs with cataract. - With cancer there scems to be a peculiar
Liability to earlier inheritance : Mr. Paget, who has particularly

= Prosper Lucas, fom. ii. pp. 67

o  Theso cases aro given by Mr.
700, 702; Sedgwick, idem, Ayril, 1863, Sedgwick, on tho authority of Dr. H,
P. 449, and July, 1863, p. 162; Dr. J.  Stewart, in + Mod.-Chirurg. Review,"
Steinan, * Essay on Hereditary Discase,’  April, 1808, pp. 419, 477,

1843, pp. 27, 34 4 ‘Héréd, Nat.," tom. ii. p. 852,
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attended to this subject, and tabulated & large mumber of cases,
informs me that he believes that in nine cases out of ten the
Tater generation suffers from the discase at an earlier period than
the previous generation. He adds, “In the instances in which
the opposite relation holds, and the members of later geners.
tions have cancer at a later age than their predecessors, T think
it will be found that the non-cancerous parents have lived to
extreme old ages” So that the longevity of a non-uffected
parent seems to have the power of determining in the offspring
the fatal period; and we thus apparently get another element
of complexity in inheritance.

The facts, showing that with certain diseases the period
of inheritance occasionally or even frequently advances, are
important with respect to the general descent-theory, for they
render if in some degree probable that the same thing would
oceur with ordinary modifications of structure. The final result
of a long series of such advances would be the gradual oblite-
ration of characters proper to the embryo and larva, which
would thus come to resemble more and more closely the mature
parent-form. But any structure which was of service to the
embryo or larva would be preserved by the destruction at this
stage of growth of each individual which manifested any ten-
dency to lose at too early an age its own proper character.

Finally, from the numerous races of cultivated plants and
domestic animals, in which the seed or eggs, the yomg or
old, differ from each other and from their parent-species;—
from the cases in which new characters have appeared at a
particular period, and afterwards have been inherited at the
same period j—and from what we know with respect to disease,
we must believe in the truth of the great principle of inherit-
ance at corresponding periods of life.

Summary of the three preceding Chapters—Strong as is the
force of inheritance, it allows the incessant appearance of new
characters. These, whether beneficial or injurious, of the most
trifling importance, such as a shade of colour in a flower, &
coloured lock of hair, or a mere gesture; or of the highest
importance, as when affecting the brain or an organ so perfect
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and complex as the eye; or of so grave a nature as to deserve
to be called a monstrosity, or so peculiar as not to occur
normally in any member of the same natural class, are all
sometimes strongly inherited by man, the lower animals, and
plants. In numberless cases it suffices for the in].\em'tance'of a
peculiarity that one parent alone should be thus characterised.
Inequalities in the two sides of the body, though opposed to
the law of symmetry, may be transmitted. There is a con-
siderable body of evidence showing that even mutilations, and
the effects of accidents, especially or perhaps exclusively when
followed by disease, are oceasionally inherited. There can be
no doubt that the evil effects of long-continued exposure in
the parent to injurious conditions are sometimes transmitted
to the offspring. 8o it is, as wo shall see in a futuro chapter,
with the effects of the use and disuse of parts, and of mental
habits. Periodical habits are likewise transmitted, but generally,
as it would appear, with little force.

Hence we are led to look at inheritance as the rule, and
non-inheritance as the anomaly. But this power often appears
to us in our ignorance to act capriciously, transmitting a cha-
racter with inexplicablo strength or feoblencss. Tho very
samo peculiarity, a5 the weeping habit of trees, silky-feathers,
&, may be inherited either firmly or not at all by different
members of the same_group, and even by different individuals
of the same species, though treated in the same manner. In
this latter case wo see that the power of transmission is a
quality which is merely individual in its attachment, As with
singlo characters, so it is with the several concurrent slight
differences which distinguish sub-varieties or races 3 for of these,
some can be propagated almost as truly as species, whilst others
cannot bo relied on. The same rule holds good with plants,
when propagated by bulbs, offsets, &c., which in one sonse stil
form parts of the same individual, for some varieties retain or
inherit through successive bud-generations their character far
more truly than others,

Some characters not proper to the pazent-species have cer-
{aialy been inlerited from an extremely remoto epoch, and may
therofore be considered as firmly fixed. But itis doubtful whethor
length of inheritance in itself gives fixedness of character ; though

VOL. 1L, G
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the chances are obviously in favour of any character which has
long been transmitted true or unaltered, still being transmitted
true as long as the conditions of life remain the same. Wo
Tnow that many species, after having retained the same character
for countless ages, whilst living under their natural conditions,
when domesticated have varied in the most diversified manner,
that is, have failed to transmit their original form; so that no
character appears to be absolutely fixed. We can sometimes
account for the failure of inheritance by the conditions of life
being opposed to the development of certain characters; and
still oftener, as with plants cultivated by grafts and buds, by
the conditions causing new and slight modifications incessantly
to appear. In this latter case it is not that inheritance whally
fails, but that new characters are continually superadded. In
some few cases, in which both parents are similarly charac-
terised, inheritance seems to gain so much force by the com-
bined action of the two parents, that it counteracts its own power,
and a new modification is the result.

In many cases the failure of the parents to transmit their
likeness is due to the breed having been at some former period
crossed; and the child takes after his grandparent or more
remote ancestor of foreign blood. In other cases, in which the
breed has not been crossed, but some ancient character has
been lost through variation, it occasionally reappears through
Toversion, so that the parents apparently fail to transmit their
own likeness. In all cases, however, we may safely conclude
that the child inherits all its characters from its parents, in
whom certain characters are latent, like the secondary sexual
characters of one sex in the other. When, after a long suc-
cession of bud-generations, a flower or fruit becomes separated
into distinet segments, having the colours or other attributes
of both parent-forms, we cannot doubt that these characters
were latent in the earlier buds, though they could not then
be detected, or could be detected only in an intimately con=
mingled state. So it is with animals of crossed parentage, which
with advancing years occasionally exhibit characters derived
from one of their two parents, of which not a trace could at
first be perceived. Certain monstrosities, which resemble what
naturalists call the typical form of the group in question
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Cur.

apparently come under the same law of reversion. It s assuredly
an astonishing fact that the male and female sexual elements,
that buds, and even full-grown animals, should retain characters,
during several generations in the ease of crossed breeds, and
during thousands of generations in the case of pure breeds,
written as it wero in invisible ink, yet ready at any time to
be evolved under the requisite conditions.

What these conditions are, we do not in many cases at all
kmow. But tho act of crossing in itself, apparently from causing
some disturbance in the organisation, certainly gives a strong
tendency to the reappearance of long-lost characters, both cor-
poreal and mental, independently of those derived from the
cross. A return of any species to its natural conditions of life,
as with feral animals and plants, favours reversion; though it is
certain that this tendency exists, we do not know how far it pre-
vails, and it has been much exaggerated. On the other hand,
the crossed offspring of plants which have had their organisation
disturbed by cultivation, are more liable to reversion than the
crossed offspring of species which havo always lived under their
natural conditions

When distinguishable individuals of the same family, or races,
or species aro crossed, we seo that the ono is often prepotent
over the other in trausmitting its own character. A raco may
Possess a strong power of inheritance, and yet when crossed,
a5 wo have seen with trumpeter-pigeons, yield to tho prepo-
tency of every other race. Prepotency of trausmission may bo
equal in the two sexes of the same species, but often runs more
strongly in one sex. It plays an important part in determining
the rate at which one race can be modified or wholly absorbed
by repeated crosses with another. Ve can seldom tell what
malkes one race or species prepotent over another; but it somo.
times depends on the same character being presont and visible
in one parent, and latent or potentially present in tho othor.

Characters may first appear in cither sex, but oftener in the
male than in the female, and afterwards bo transmitted to
the offspring of the same s

ex. In this case we may feel con

G2
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mother conversely to her granddanghter. We thus leam, and
the fact is an important ove, that transmission and development,
are distinet powers. Oceasionally these two powers seems to bo,
antagonistic, or incapable of combination in the same individual;
for several cases have been recorded in which tho son has no
directly inherited a character from his father, or directly trans-
mitted it to his son, but has received it by transmission throngh
his non-affected mother, and transmitted it through his non-
affected daughter. Owing to inheritance being limited by sex,
we can see how secondary sexual characters may first have
arisen under nature; their preservation and accumulation being
dependent on their service to either sex.

At whatever period of life a new character first appears,
it generally remains latent in the offspring until a corresponding
age is attained, and then it is developed. When this rule fails,
the child generally exhibits the character at an carlier period
than the parent. On this principle of inheritance at corre-
sponding periods, we can understand how it is that most animals
display from the germ to maturity such a marvellous suecession
of characters. A

Finally, though much remains obseure with respect to Tn-
Teritance, we may look a the following laws as fairly well esta-
Blished. Firstly, a tendency in every character, new and old, to
be transmitted by seminal and bud generation, though often
counteracted by various known and unknown causes. Secondly,
Teversion or atavism, which depends on transmission and
development being distinct powers: it acts in various degrees
and manners through both seminal and bud generation. Thirdly,
prepotency of transmission, which may be confined to one sex,
or be common to both sexes of the prepotent form. Fourthly,
transmission, limited by sex, generally to the same sex in which
the inherited character first appeared. Fifthly, inheritance ot
corresponding periods of life, with some tendency to the earlicr
development of the inherited character. Tn these laws of In-
heritance, as displayed under domestication, we see an ample
provision for the production, through variability and natural
selection, of new specific forms.
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CHAPTER XV.

ON CROSSING.

TRES INTERCROSSING CDLITERATES THE DIFFERENCES BETWEEN ALLIED EREEDS —
WHEN THE NUMBERS OF QUAL, ONE ABSORDS
C¥ 0P TANS-

TACES, AND THE JORMATION OF NEW
HAYE BRED TRUE FROM THER FIEST PRODUOTION — X THE CROSSING OF DISTINCT
SPECIES 1N EELATION 7O TAE YORMATION OF DOMESTIC RACLS,

Iy the two previous chapters, when discussing reversion and
prepotency, T was necessurily led to give many facts on crossing.
In the present chapter I shall consider the part which crossing
plays in two opposed directions—firstly, in obliterating cha-
racters, and consequently in preventing the formation of new
races ; and secondly, in the modification of old races, or in the
formation of new and intermediate races, by a combination of
characters. 1 shall also show that certain characters are incap-
able of fusion.

The effects of free or uncontrolled breeding between the
members of the sume variety or of closely allied varieties
are important; but are so obvious that they need not b di
cussed at much length. It is freo intercrossing which chicfly
gives uniformity, both under nature and under domestication,
to the individuals of the same species or variety, when they
live mingled together and are not exposed to any cause inducing
excessive variability. The prevention of free crossing, and the
intentional matching of individual animals, are the corner-stones
of the breeder’s art. No man in his senses would expect to
improve or modify a breed in any particular manner, or keep
an old breed true and distinet, nless he separated his animals.
The killing of inferior animals in each generation comes to the
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same thing as their separation. In savage and semiccivilised
countries, where the inhabitants have not the means of sepa-
rating their animals, more than a single breed of the same
species rarely or never exists. In former times, even in g
country so civilised as North America, there were no distinet
Taces of sheep, for all had been mingled together! The cclo.
brated agriculturist Marshall* remarks that “sheep that are
«ept within fences, as well as shepherded flocks in open
« countrics, have generally a_ similarity, if not a uniformity,
“ of character in the individuals of each flock;” for they breed
freely together, and are prevented from crossing with ofher
kinds; whereas in the unenclosed parts of England the un-
shepherded sheep, even of the same flock, are far from true or
uniform, owing to various breeds having mingled and crossed,
‘We have seen that the half-wild cattle in the several British
parks are uniform in character in each; but in the different
parks, from not having mingled and crossed during many gene-
rations, they differ in a slight degree.

‘We cannot doubt that the extraordinary number of varieties
and sub-varieties of the pigeon, amounting to at least one hun-
dred and fifty, is partly due to their remaining, differently from
other domesticated birds, paired for life when once matched.
On the other hand, breeds of cats imported into this country
soon disappear, for their nocturnal and rambling habits render
it hardly possible to prevent free crossing. Rengger® gives an
interesting case with respect to the cat in Paraguay: in all the
distant parts of the kingdom it has assumed, apparently from.
the effects of the climate, a peculiar character, but near the
capital this change has been prevented, owing, as he asserts,
to the native animal frequently crossing with cats imported
from Europe. In all eases like the foregoing, the effects of an
occasional cross will be augmented by the increased vigour and
fertility of the crossed offspring, of which fact evidence will
hereafter be given; for this will lead to the mongrels increasing
more rapidly than the pure parent-breeds,

1 Communications to the Board of lnd,’ 1808, p. 200. X
Agriculture, vol. . p. 67, 2 Sangethicro von Paragusy;’ 1830,
% Review of Reports, North of Eng- s, 212,

Darwin Onlina: By permission of the Trustees of the MNatural History Museurn (Londany



Cua. XV, OF UNIFORMITY OF CHARACTER. 87

‘When distinct breeds are allowed to cross freely, the result
will be a heterogeneous body ; for instance, the dogs in Para-
guay are far from wniform, and can no longer be afiiliated to
their parent-races The character which a crossed body of
animals will ultimately assume must depend on several con-
tingencies,—namely, on the relative numbers of the individuals
belonging to the two or more races which are allowed to mingle ;
on the prepotency of one race over the other in the transmission
of character; and on the conditions of life to which they are
exposed.  When two commingled breeds exist at first in nearly
equal numbers, the whole will sooner or later become intimately
blended, but not 5o soon, both breeds being equally favoured in
all respects, as might have been expected. The following cal-
culation® shows that this is the case: if a colony with an
equal number of black and white men were founded, and we
assume that they marry indiseriminately, are equally prolific,
and that one in thirty aunually dies and is born; then “in 65
“ years the number of blacks, whites, and mulattoes would be
«equal. In 91 years the whites would be 1-10th, the blacks
< 1-10th, and the mulattoes, or people of intermediate degrees of
“ eolour, 8-10ths of the whole number. In three centuries not
“1-100th part of the whites would exist.”

When one of two mingled races exceeds the other greatly in
number, the latter will soon be wholly, or almost wholly, absorbed
and lost® Thus European pigs and dogs have been largely
introduced into the islands of the Pacific Ocean, and the native
races have been absorbed and lost in the course of about
fifty or sixty years;? but the imported races no doubt were
favoured. Rats may be considered as semi-domesticated
animals. Some snakerats (Mus alezandrinus) escaped in the
Zoological Gardens of London, “and for a long time afterwards
* the keepers frequently canght cross-bred rats, at first half-breds,
“ afterwards with less and less of the character of the snake-rat,
“till at length all traces of it disappeared.” On the other hand,

¢ Bengger - Shuglire e, 154 st aud ably e it

* While, Regular Gradation in Man,” 7 Rev, D. Tyerman, nnett,
146, Joganl of Voyages, 1621-1625, vol.

* DrW. T Bdvasds,inlis* Charac: i.p.5
tixes Physiolog. des Races Humaing Vi
P24, first called attention to thi

T ey Tl e
ub-  Soc, vol. vi, 1862, .
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in some parts of London, especially near tho docks, where fresh,
Tats are frequently imported, an endless variety of intermediate
forms may bo found hetween the brown, black, and snaks rat,
which are all three usually ranked as distinct specics.

How many generations are necessary for one species or race to
absorb another by repeated crosses has often been discussed;?
and the requisite number has probably been much exagge-
rated. Some writers have maintained that a dozen, or score,
or even more generations, are necessary; but this in itself iy
improbable, for in the tenth generation thero will be only
1-1024¢h part of foreign blood in the offspring. Giirtner found,»
that with plants one species could be made to absorb another i
from three to five generations, and he believes that this could
always be effected in from six to seven generations. In one
instance, however, Kilreuter™ speaks of the offspring of Mira-
bilis vulgaris, crossed during eight successive generations by 17,
&ngiflora, as resembling this latter species so closely, that the
most serupulous obsorver could detect “vix aliquam notabilem
differentiam ;"—ho succeeded, as he says, “ad plenariam fere
transmutationem.” But this expression shows that the act of
absorption was not even then absolutely complete, though these
crossed plants contained only the 1-256th part of M. vulgaris.
The conclusions of such accurate observers as Girtner and
Kolreuter are of far higher worth than those made without
scrientific aim by breeders. The most remarkablo statement
which T have met with of the persistent endurance of the effects
of a single cross is given by Fleischmann,* who, in reference
to German sheep, says “that the original coarse sheep have
5500 fibres of wool on a square inch; grades of the third or
“ fourth Merino cross produced about 8000, the twentieth cross
27,000, the perfect pure Merino blood 40,000 to 48,000.” So that
in this case common German sheep crossed twenty times succes-
sively with Merinos have not by any means acquired wool as fine
as that of the pure breed. Tn all cases, the rate of absorption will

® Storm, ¢ Ucber Racen, &, 1825, &
107, Bronn, “Geschichte der Nutur,
5. 170, gives a tablo of the propor-
tions of blood after successive crosscs.
Dr. P. Lucas, I Hérédité Nat., tom. it
2. 808,

¢ Bastarderzengung; s. 463, 470

» Nova Acta Petrop., 1794, p. 8%
s¢e also previous volume.

2 As quoted in tho *True Principles
of Brecding? by C. H. Macknight and
Dr. H. Madden, 1865, p. 11.

Darwin Online: By permission of the Trustees of the Matursl History Museur (Londan



cuar. XV, OF UNIFORMITY OF CHARACTER. 89
depend largely on the conditions of life being favourable to any
particular character; and wo may suspect that there would bo
ander the climate of Germany a constant tendency to degene-
ration in the wool of Merinos, unless prevented by careful
selection; and thus perhaps the foregoing remarkable case may
be explained. The rate of absorption must also depend on the
amount of distinguishable difference between the two forms
which are crossed, and especially, as Giirtner insists, on pre-
potency of transmission in the one form over the other. We
have seen in the last chapter that one of two French breeds
of sheep yielded up its character, when crossed with Merinos,
very much slower than the other; and the common German
sheep referred to by Fleischmann may present an analogous
case. But in all cases there will be during many subsequent.
generations more or less liability to reversion, and it is this fact.
which has probably led authors to maintain that a score or more
of generations are requisite for one race to absorb another. In
considering the final result of the commingling of two or more
breeds, we must not forget that the act of crossing in itself
tends to bring back long-lost characters not proper to the
immediate parent-forms.

With respect to the influence of the conditions of life on any
two breeds which are allowed to cross freely, unless both are
indigenous and have long been accustomed to the country where
they live, they will, in all probability, be unequally affected b
the conditions, and this will modify the result. Even with indi-
genous breeds, it will rarely or never occur that both are equally
well adapted to the surrounding circumstances ; more especially
when permitted to roam freely, and not carefully tended, as will
generally be the case with breeds allowed to cross. As a con-
sequence of this, natural selection will to a certain extent come
into action, and the best fitted will survive, and this will aid in
determining the ultimate character of the commingled body.

How long a time it will require before such a crossed body
of animals would assume within a limited area a uniform cha-
racter no one can say; that they would ultimately becomo
uniform from free intercrossing, and from the survival of the
fttest, we may feel assured; but the character thus acquired
would rarely or never, as we may infer from the several previous
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considerations, be exactly intermediate between that of the two
parent-breeds.  With respect to the very slight differences
by which the individuals of the same sub-variety, or even of
allied varieties, are characterised, it is obvious that free crossing
would soon obliterate such small distinetions. The formaticy
of new varieties, independently of selection, would also thus be
prevented ; except when the same variation continually recurred
from the action of some strongly predisposing cause. Hence o
may conclude that free crossing has in all cases played an in-
portant part in giving to all the members of the same domestic
race, and of the same natural species, uniformity of character,
though largely modified by natural selection and by the direct
action of the surrounding conditions.

On the possibility of all organic beings occasionally intercrossing.
—But it may be asked, can freo crossing occur with herma-
phrodite animals and plants? All the higher animals, and the
few insects which have been domesticated, have separated sexcs,
and must inevitably unite for each birth. With respect to the
crossing of hermaphrodites, the subject is too large for the pre-
sent volume, and will be more properly treated in a succeeding
work. In my  Origin of Species,’ however, I have given a
short abstract of the reasons which induce me to believe that
all organic beings occasionally cross, though perhaps in some
cases only at long intervals of time* T will here just recall
the fact that many plants, though hermaphrodite in structure,
are unisexual in function ;—such as thoso called by C. K.
Sprengel dichogamous, in which the pollen and stigma of the
same flower are matured at different periods; or those called
by me reciprocally dimorphie, in which the flower’s own pollen
is not fitted to fertilise its own stigma; or again, the many
kinds in which curious mechanical contrivances exist, effec-
tually preventing self-fertilisation. There are, however, many
hermaphrodite plants which are not in any way specially con-
structed to favour intercrossing, but which nevertheless con-
mingle almost as freely as animals with separated sexes. This
is the case with cabbages, radishes, and onions, as T know from

18 With respect to plants, an admir-  1867) hus lafely been published by Dr.
ablo cssay on this subject (Dio Geseh-  Hildebrand, who arives at the samo
lechter-Vertheilung bei den Punzen:  general conclusions as I have dove.
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i

having experimented on them: even the peasants of Liguria
say that cabbages must be prevented “from falling in love”
with each other. In the orange tribe, Gallesio remarks that
the amelioration of the various kinds is checked by their con-
tinual and almost regular crossing. So it is with numerous
other plants.

Nevertheless some cultivated plants can be named which rarely
intercross, as the common pea, or which never intercross, as I
have reason to believe is the case with the sweet-pea (Latlyrus
odoratus) ; yet the structure of these flowers certainly favours
an oceasional cross. The varieties of the tomato and aubergine
(Solanum) and pimenta (Pimenta vudgaris?) are said*® never
to cross, even when growing alongside cach other. But it should
e observed that these are all exotic plants, and we do not know
how they would behave in their native country when visited by
the proper insects.

It must also be admitted that some few natural species
appear under our present state of knowledge to be perpetually
self-fertilised, as in the case of the Bee Ophrys (0. apifera),
though adapted in its structure to be occasionally crossed. The
Leersia oryzoides produces minute enclosed flowers which cannot
possibly be crossed, and these alone, to the exclusion of the
ordinary flowers, have as yet been known to yield seed.® A
few additional and analogous cases could be advanced. But
these facts do not make me doubt that it is a general law of
nature that the individuals of the same species occasionally in-
tercross, and that some great advantage is derived from this act.
It is well known (and I shall hereafter have to give instances)
that some plants, both indigenous and naturalised, rarely or
never produce flowers ; or, if they flower, never produce sceds.
But no one is thus led to doubt that it is a general law of nature
that phanerogamic plants should produce flowers, and that
these flowers should produce seed. When they fail, we believe
that such plants would perform their proper functions under
different conditions, or that they formerly did so and will do
50 again.  On analogous grounds, I believe that the few flowers

34 “Teoria della Riproduzione Vegetal, 1816, p, 12
étée, 1805, p. 7

3 Verlot,  Des Varictés, 1865, p.
3 Duval-Jouse, *Bull. Soc. Bot, de Frunce,' tom. x., 1563, p. 104,
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which do not now intercross, cither would o so under ifferent
conditions, or that they formerly fertilised each ofher at intervals
—the means for effecting this being generally still Totained.—.
and they will do 5o again at some future period, unless indeed
they become extinct. On. this view alone, many points in the
structure and action of the reproductive organs in hermaphrodite
plants and animals are intelligible,—for instance, the mals and
female organs never being so completely enclosed as to ronder
access from without impossible. Hence we may conclude that
the most important of all the means for giving uniformity
to tho individuals of the same species, namely, the capa
of occasionally intercrossing; is present, or has been formerly
present, with all organic beings.

On certain Characters not Yending.—When two breeds are crossed their
characters usually become intimately fused fogother; but some characters
Tefuse to blend, and aro transmitted in an unmodified stato cither from
both parents or from one. When grey and white mice sre paired, the
are not pisbald nor of an intermediate tint, but are puro white or
of theordinary grey colour : o it is when white and common collared turtle-
doves are paired. In breeding Game fowls, a great authority, r. J,
Douglas, zemarks, “T may hero stato o strange fact: if you cross a black
with a white game, you get birds of both breeds of the clearest colour.”
Sir R. Heron crossed during many years white, black, brown, and fv-
coloured Angora rabbits, and never once got theso colours mingled in
the same animal, but often all four colours in the same litter” Additional
cases could bo given, but this form of inheritance is very far from universal
evenwith isti 3
sheep, both of which have dwarfed limbs, are crossed with common breeds,
the offspring are not intermediate in structure, but take after eithor parent
‘When tailless or -hornless animals are crossed with fect animals, it
frequently, but by no means invariably, happens that the offspring aro

¥ Extract of o leifer from Sir R,
Heron, 185, given me by Mr. Yarrell,
With respect to mice, #eo * Annal, des
Nat,’ tom. i, p. 180; and T have
heard of other similar cascs. For
turtlo~doves, Boitard and Corbié, * Les
igoons, &c., p. 288, For the Game fowl,

*The Pouliry Book;” 1866, p. 128, For
crosses of tailless fowls, seo Bechstein,
‘Naturges, Deutsch’ b. iii, 5. 403,
Broun, * Geschichte der Natur, b,
170, gives analogous fucts with horses,
On’ the hairless condition of crossed

266 “Poultry Chroniclo; vol. il p. $35.

ot tho erossed pigs, extract of ltter
fom Sir R, Heron to Mr. Yarrell
For other cascs, see P, Lucas, *Hérdd.
Nat,” tom. 1. p. 212,
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cither perfectly furnished with these organs o are quite destitnto of them.
According to Rengger, the hairless condition of the Paraguay dog is either
‘perfectly or not atall transmitted to its mongrel offspring; but I have seen
ono partial excoption in a dog of this parentago which had part of its skin
hairy, and part naked; the parts being distinetly separated as in a picbald
animal. - When Dorking fowls with five toes are crossed with ofher breeds,
the chickens often have five toes on one foot and four on the other. - Some
crossed pigs aised by Sir R. Heron bootwen the solid-hoofed and common
pig had ot all four feet in an intermediate condition, but two feet wero
furnished with properly divided, and two with united hoofs.

Analogous facts have been observed with plants: Major Trovor Clarke
crossed the little, glabrous-leaved, annual stock (Matthiols), with pollen of
a large, red-flowered, rough-leaved, biennial stock, called cocardeax by the
TFrench, and the rosult was that half tho scedlings had glabrous and the
other half rough leaves, butnone had leaves in an intermediate state. That

i tho rough-leaved variety, and not
accidentally of the mother-plant’s own pollen, was shown by their tall and
strong habit of growth.* Tn the succeoding generations raised from tho
rough-leaved crossed seedlings, some glabrous plants appeared, showing
that the glabrous character, though incapable of blending with and modi-
fying the rough leaves, was all the time latent in this family of plants. The
‘numerons plants formerly referred to, which I raised from reciprocal crosses
between the peloric and common Antirrhinum, offer a nearly parallel case ;
for in the first generation'all the plants resembled the common form, and
in the next generation, out of one hundred and thirty-seven plants, two
alono were in an intermediate condition, he others perfeetly resembling
either tho peloric or common form. Major Trevor Clarke also fertilised the
above-mentioned red-flowered stock with pollen from the purple Queen
stock, and about half the scedlings scarcely differed in habit, and not at all
in the red colour of the flower, from the mother-plant, the other half bearing
lossoms of a rich purple, closely like those of the pafernal plant. Gartner
‘arossed many white and yellow-flowered specios and varictics of Verbascum ;
and these colours were never blended, but the offspring bore either puro
white or pure yellow blossoms; the former in tho larger proportion.®
tbert raised many scedlings, as he informed me, from Swedish
‘turnips crossed by two other varieties, and these never produced flowers
of an infermediate tint, but always like one of their parents. I fertilised
the purple sweet-pea (Lathyrus odoratus), which has a dark reddish-purple
standard-petal and violet-coloured wings and keel, with pollen of tho painted-
Iady sweet-pea, which has a palo cherry-coloured siandard, and almost
white wings aud keel; and from the same pod I twico raised plants per-
fectly resembling both sorts; the greater number resembling the father.
So perfect was the resemblance, that I should have thought there had

* *Internat. Hort. and Bot, Congress ~from similar crosses in the genus Ver-

of London,” 1836. . With respect to the turnips,
Bastarderzougung,’ 5. 307. Kl eo Herbert's ¢ Amaryllidacen, 1837,

reuter ¢ Dritte Fortsetsamg, e. 34, 39), p. 570,

Dowever, obtained intermediato  tints
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‘been some mistake, if the plants which were at first identical it tho
paternal varicty, numely, the painted-lady, had not later in
i o e e aries i S
with dark purple. I raised grandchildren and great-grandehildren from
these crossed ylms, and they continued to resemble the painted-lady, but
during the later generations became rather more blotehed with purple
et none reverted completely to the original mother-plant, the purple
sweet-pea. The following case is slightly different, but still shows the
samo principle: Naudin® raised mumerous hybrids between the yellow
Linaria valgaris and tho purplo L. purpurca, and during threo successive
norations tho colonrs kept distinct in different parts of the sumo lower,
From such cases as tho foregoing, in which the offspring of the first
generation perfectly resemble cither parent, wo come by  small stepto thoso
cases in which differently coloured flowers borne on the same root resemble
‘both parents, and by another step to those in which the same flower or
fruit s striped or blotehed with the to parental colours, or bears a singlo
stripe of the colour or other characteristic quality of one of the parent-
forms. - With hybrids and mongrels it froquently or even generally happens
that one part of the body resembles more or less closcly one parent and

another part the other parent ; and here again some resistanco to fusion,
or, wlm comes to the same thing, some mutual ummy o oo
atoms of tly comes into play, all parts

of{hc body would be equally intermediate in ch!mwkcr 8o again, when
tho offspring of hybrids or mongrels, which are’ themsclves nearly inter-
‘mediate in charncter, revert cither wholly or by sements to their ancestors,
the principle of the affinity of similar, or the repulsion of dissimilar atoms,
e (T TS, extremely
general, we shall recur in the chapter on

i el b ol oy e Gy
St. Hilaire in regard to animals, that the transmission of characters without
fusion oceurs most rarely when species are crossed ; T know of one excep-
tion alone, namely, with the hybrids naturally produced between the
common and ooded cow (Corvis corone wd cornia), whichy hovers,
o closay sl ipece, diflrin in soing exospt colur, Nor e
‘met with any well-ascertained cases of transmission of this kind, even wl.\m
e e i e e
which have been slowly formed by man's selection, and therefore resemblo
toa cortain extent natural species. Such cases as puppics in the same
litter closely resembling two distinet breeds, are probably due fo super-

vo enumerated, which are transmitted in o perfect stato to some of
ho ofspring and. n0t 10 others,—such as distino colours, nakedzess of
skin, smoothness of leaves, absence of horns or tail, additional {oes, pelo-
vism, dwarfed structure, &c.,—have all been known to appear suddenly in
individnal animals and plants. From this fact, and from tho sevral slight,
aggrogated differences which istinguish domostic races and species from

= ¢ Nouelles Archives du Muséum,’ tom, i p. 100.
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each ofher, not being liable to this peculiar form of transmission, we may
conelude that it is in some way connected with the sudden appearance of
the characters in question.

On the Modification of old Races and. the Formation of new Races
&y Crossing.—We have hitherto chiefly considered the effects of
erossing in giving uniformity of character; we must now look
to an opposite result. Thero can bo no doubt that crossing,
with the aid of rigorous selection during several generations,
has been o potent means in modifying old races, and in forming
new ones.  Lord Orford erossed his famous stud of greyhounds
once with the bulldog, which breed was choson from being
deficient in scenting powers, and from having what was wanted,
courago and perseverance. In the course of six or seven
generations all traces of the external form of the bulldog
were climinated, but courage and perseverance remained.
Certain_pointers have been crossed, as 1 hear from the Rey,
W. D. Fox, with the foxhound, to give them dash and speed.
Certuin straing of Dorking fowls have had a slight infusion
of Game blood; and I have known a great fancier who on a
single occasion erossed his turbit-pigeons with barbs, for the
salko of gaining greater breadth of beak.

In the foregoing cases breeds have been crossed once, for the
sako of modifying some particular cliaracter; but with most of
the improved races of the pig, which now breed true, there havo
been repeated crosses,—for instance, the improved Essex owes ifs
excellence to repeated crosses with the Neapalitan, together pro-
bably with some infusion of Chinese blood.* o with our Britisly
sheep: almost all the races, except the Southdown, have been
Jargoly crossed ; «this,in fact, has been tho history of our prin-
cipal breeds= To give an example, the “ Oxfordshiro Downs”
now rank as an established breed® They were produced abont
the year 1830 by crossing “ Hampshire and in some fnstanes
Southdown ewes with Cotswold rams :” now the Hampshire
ram was itself produced by repeated crosses between the native

]

= Richardson, ¢ Pigs,’ 1847, pp. 7,
42; 8. Siduey's cdition of * Youatt on

= See Mr. . C. Spooner's escellent
paper onCross-Breeding, * Journal
Royal Agricult, Soe, vol, xx, past i
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s also an equally good aticle by My,
Ch. Howard, in ¢ Gardener's Chronicle,
1860, p. 320
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Hompshire sheep and Southdowns; and the long-woolled
Cotswold were improved by crosses with the Leicester, which
latter again is believed to have been a cross between several
Tong-woolled sheep. Mr. Spooner, after considering the various
cases which have been carefully recorded, concludes,  that from
a judicious pairing of cross-bred animals it is practicable to
establish a new breed.” On the Continent the history of several
crossed races of cattle and of other animals has been well ascer-
tained. To give one instance: the King of Wurtemberg, after
twenty-five years' careful breeding, that is after six or seven
generations, made a new breed of cattle from a cross between
a Dutch and Swiss breed, combined with other breeds® The
Sebright bantam, which breeds as true as any other kind of
fowl, was formed about sixty years ago by a complicated cros.
Dark Brahmas, which are believed by some fanciers to consti-
tute a distinct species, wero undoubtedly formed® in the United
States, within a recent period, by a cross between Chittagongs
and Cochins, With plants I believe there is little doubt that
some kinds of turnips, now extensively cultivated, are crossed
races; and the history of a variety of wheat which was raised
from two very distinct varieties, and which after six years'
culture presented an even sample, has been recorded on good
authority.”

Until quite lately, cautious and experienced breeders, though
not averse to a single infusion of foreign blood, were almost
universally convinced that the attempt to establish a new race,
intermediate between two widely distinct races, was hopeless :
“they clung with superstitious tenacity to the doctrine of purity
“ of blood, believing it to be the ark in which alone true safety
“could be found.”® Nor was this conviction unreasonable:
when two distinet races are crossed, the offspring of the first
generation are generally nearly uniform in character; but even
this sometimes fails to be the case, especially with crossed dogs
and fowls, the young of which from the first are sometimes much

=1 ¢Bulletin do la Soe. dAcclimat,’
1802, tom. ix. p. 463. See also, for
il and Gayot, * Du

Tl bl S B
meir, 1800, p. 5
Biooe

;185 P

1854, Spouner, in ‘Journal Royel Agti-
cult, Soe,” vol. xx,, part

2 2oty Chronice vl
3
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diversified. As cross-bred animals are generally of large size
and vigorous, they have been mised in great numbers for
immodiate consumption.  But for breeding they are found to be
utterly useless; for though they may be themselves uniform in
character; when' paired.together they yield during many gene-
rations offspring astonishingly diversified. The breeder is driven
to despair, and concludes that he will never form an inter-
mediate race. But from the cases already given, and from
others which have been recorded; it appears that patience alone is
necessary ; as Mr. Spooner remarks, “ nature opposes no barrier
to successful admixture; in the course of time, by the aid
of selection and careful weeding, it is practicable to establish
a new breed.” After six or seven generations the hoped-for
result will in most cases be obtained; but even then an occa-
sional reversion, or failure to keep true, may be expected. The
attempt, however, will assuredly fail if the conditions of life
be decidedly unfavourable to the characters of either parent-
breed.®

Although the hi and succeeding i of
cross-bred animals are generally variable in an extreme degree,
some curious exceptions to the rule have been observed, both
with crossed races and species. Thus Boitard and Corbi¢®
assert that from a Pouter and a Runt “a Cavalier will appear,
h we have classed amongst pigeons of pure race, because it
transmits all its qualities to its posterity.” The editor of the
“Poultry Chronicle’® bred some bluish fowls from a black
Spanish cock and a Malay hen; and these remained true to
colour “generation after generation” The Himalayan breed
of rabbits was certainly formed by crossing two sub-varieties of
the silver-grey rabbit; although it suddenly assumed its present
character, which differs much from that of either parent-breed,
yet it has ever since been easily and truly propagated. I crossed
some Labrador and Penguin ducks, and recrossed the mongrels
with Penguins; afterwards, most of the ducks reared during
threo generations were nearly uniform in character, being brown
with a white crescentic mark on the lower part of the breast,

i

* See Colin's Traité do Phys.Comp. ~ ® *Les s p. 37,

K T iioe o B pe A VoLl 1% p 10K
6, whero this subjet is well treaicd.
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and with some white spots at the base of the beak; 5o that by
the aid of a lttle selection a new breed might easily have becy,
formed. In regard to crossed varietios of plants, Mr. Beaton
romarks® that “Melville's extraordinary cross between the
Scoteh kale and an early cabbage is as true and_ gennine as any
on record;” but in this case no doubt selection was practised,
Girtnor® has given five cnses of hybrids, in which the progeny
Kept constant; and hybrids between Dianthus armeria and
deltoides remained true and uniform to the tenth generation,
Dr. Herbert likewise showed me a hybrid from two species of
Loasa which from its first production had kept constant during
several generations.

‘We have seen in the earlier chapters, that some of our
domesticated animals, such as dogs, cattle, pigs, &c. are almost
certainly descended from more than one species; or wild race,
if any one prefers to apply this latter term to forms which
were enabled to keep distinct in a state of nature. Hence the
crossing of aboriginally distinct species probably came into play
at an early period in the formation of our present races. From
Riitimeyer’s observations there can be little doubt that this
oceurred with cattle; but in most cases some one of the forms
which were allowed to cross freely, will, it is probable, have
absorbed and obliterated the others. For it is not likely that
semi-civilized men would have taken the necessary pains to
modify by selection their commingled, crossed, and fluctuating
stock. Nevertheless, those animals which were best adapted to
their conditions of life would have survived through natural
selection ; and by this means crossing will often have indirectly
aided in the formation of primeval domesticated breeds.

Within recent times, as far as animals are concerned, the
crossing of distinct species has done litle or nothing in
the formation or modification of our races. It s ot yet known
whether the species of silk-moth which have been recently
crossed in France will yield permanent races. In the fourth
chapter I alluded with some hesitation to the statement that a
new breed, between the hare and rabbit, called leporides, had
been formed in France, and was found capable of propagating

Coltage Gardener,’ 1856, p. 110. 8 * Bastarderzeugung; s, 555
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fiself; but it is now positively affirmed® that this is an error.
With plants which can be multiplied by buds and cuttings, hybri-
disation has done wonders, as with many kinds of Roses, Rliodo-
dendrons, Pelargoniums, Caleeolarias, and Petunins. Nearly
all these plants can be propagated by seed; most of them
ireely; but extremely few or none come true by seed.

Some authors believe that crossing is the chief cause of varia-
ty,—that is, of the appearance of absolutely new characters.
Some have gone so far as to look at it as the solo cause; but
this ‘conclusion is disproved by some of the facts given in the
chapter on Bud-variation. The belief that characters not present
in cither parent or in their ancestors frequently originate from
crossing is doubtfal; that they occasionally thus arise is pro-
bable ; but this subject will be more conveniently discussed in
a future chapter on the causes of Variabilit

A condensed summary of this and of the three following
chapters, together with some remarks o Hybridism, will be
given in the nineteenth chapter.

. Pigens, in Bl o, dhcclinat, tom, i, July 186 0 quotl in
* Aunals and Mg, of Nat. Hist,” 1807, vol. xx. p.
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CHAPTER XVIL

CAUSES WHICH INTERFERE WITH THE FREE CROSSING OF
VARIETIES — INFLUENCE OF DOMESTICATION ON FERTILITY.

DIFFICULTIES IN JUDGING OF THE FERTILITY OF VARIEFIES WHEN OROSSED—
‘VARIUS GAUSES WHICH KEEP VARIETIES DISTINCT, AS TIE PERIOD OF Biukkn
AND SEXUAL PREFFRENCE — VARIETIES OF WHEAT SAID T0 58 STERILE wiky
(CROSSKD — VARIBTIES OF NATZF, VEKBASCUN, HOLLYHOCK, GOURDS, MELONS, AND.

TOBACCO, TENDERED IN SOME DEGREE MUTUALLY STERILE — DOESTICATION
BLDNINATES THE TENDENCY T0 STERIITY NATURAL TO SPECIES WIEN CROSSED
— X THE INCHEASED FERTILITY OF UNCROSSED ANIMALS AND PLANTS Phow
"DOMESTIOATION AND CULTTYATION.

THE domesticated races of both animals and plants, when
crossed, are with extremely few exceptions quite prolific,—in
some cases even more so than the purely bred parentraces.
The offspring, also, raised from such crosses are likewise, as we
shall see in the following chapter, generally more vigorous and
fertile than their parents. On the other hand, specios when
crossed, and their hybrid offspring, are almost invariably in some
degreo sterilo; and hero there scems to exist a broad and in-
superable distinction between races and species. The import-
ance of this subject as bearing on the origin of species is
obvious; and we shall hereafter recur to it.

It is unfortunate how few precise observations have been
made on the fertility of mongrel animals and plants during
several successive generations, Dr. Broca® has remarked that
no one has observed whether, for instance, mongrel dogs, bred
inter se, are indefinitely fertile; yet, if a shade of infertility
be detected by careful observation in the offspring of natural
forms when crossed, it is thought that their specific distinction
is proved. But so many breeds of sheep, cattle, pigs, dogs, and
poultry, have been crossed and recrossed in various ways, that
any sterility, if it bad existed, would from being injurious

3 ¢ Journal de Physiolog, tom. i, 1859, p. 555.
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almost certainly have been observed, In investigating the
fortlity of crossed varieties many sources of doubt oceur.
Whenever the least trace of sterility between two plants,
Towever closely allied, was observed by Kolreuter, and more
especially by Giirtner, who counted the exact number of seed
in each capsule, the two forms were at once ranked as dis-
tinet species; and if this rule be followed, assuredly it will
never be proved that varieties when crossed are in any degree
sterile. We have formerly seen that certain breeds of dogs do
not readily pair together; but no observations have been made
whether, when paired, they produce the full mumber of young,
and whether the latter are perfectly fertile inter se; but, sup-
posing that some degree of sterility were found to exist,
naturalists would simply infer that these breeds were descended
from aboriginally distinct species; and it would be scarcely
possible to ascertain whether or not this explanation was the
true one,

The Sebright Bantam is much less prolific than any other
breed of fowls, and is descended from a cross between two very
distinet breeds, recrossed by a third sub-variety. But it would
be extremely rash to infer that the loss of fertility was in any
manner connected with its crossed origin, for it may with more
probability be attributed either to long-continued close inter-
breeding, or to an innate tendency to sterility correlated with
the absence of hackles and sickle tail-feathers.

Before giving the few recorded cases of forms, which must be
ranked as varieties, being in some degree sterile when crossed,
I may remark that other causes sometimes interfere with
varioties freely intercrossing. Thus they may differ too greatly
in size, as with some kinds of dogs and fowls: for instance,
the editor of the ‘Journal of Horticulture, &e.,'* says that
le can keep Bantams with the larger breeds without much
danger of their crossing, but not with the smaller breeds, such
as Games, Hamburgs, &e, With plants a difference in the
period of flowering serves to keep varieties distinet, as with the
various kinds of maize and wheat: thus Colonel Le Coutenr®
remarks, “the Talavera wheat, from flowering much earlier than
any other kind, is sure to continue pure.” In different parts of

# Dee. 1863, p. 484 5 On the Varictis of Wheat, p. 66.
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the Falkland Islands the cattle are breaking up into herds of
different colours ; and those on the higher ground, which are
generally white, usually breed, as I am informed by Admiral
Sulivan, three months earlier than those on the lowlands; and
this wonld manifestly tend to keep the herds from blending,

Certain domestic races seem to prefer breeding with their own
kind; and this is a fact of some importance, for it is a step
tovards that instinetive feeling which helps to keep closely
allied species in a state of nature distinet. We have now
abundant evidence that, if it were not for this fecling, many
more hybrids would be naturally produced than is the case. We
have seen in the first chapter that the alco dog of Mexico
dislikes dogs of other breeds ; and the hairless dog of Paraguay
mixes less readily with the European races, than the latter do
with each other. In Germany the female Spitz-dog is said to
receive the fox more readily than will other dogs; a female
Australian Dingo in England attracted the wild male foxes.
But these differences in the sexual instinct and attractive
power of the various breeds may be wholly due to their
descent, from distinct species. In Paraguay the horses have
much freedom, and an excellent observer* believes that the
native horses of the same colour and size prefer associating
with each other, and that the horses which have been imported
from Entre Rios and Banda Oriental into Paraguay likewiso
prefer associating together. In Circassia six subraces of the
horse are known and have received distinct names; and a
native proprietor of rank® asserts that horses of three of these
vaces, whilst living a free life, almost always refuse to mingle
and cross, and will even attack each other.

It has been observed, in a district stocked with heavy
Lincolnshire and light Norfolk sheep, that both kinds, though
bred together, when turned out, “in a short time separate
to a sheep;” the Lincolnshires drawing off to the rich soil,
and the Norfolks to their own dry light soil ; and as long as
there is plenty of grass, “the two breeds keep themselves as
distinet as rooks and pigeons.” In this case different habits of

* Rengger, *Siugethiero von Para-  and Do Quatrefages, in ¢ Bull. Soc.
guay, s, 536 d'Acclimat, tom, viil, July, 1861, -
#'See o memoir by MM. Lherbetto 312
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life tend to keep the races distinct. On one of the Faroo
islands, not more than half a mile in diameter, the half-wild
native black sheep are said not to have readily mixed with the
imported white sheep. It is a more curious fact that the semi-
‘monstrous ancon sheep of modern origin “have been observed
to keep together, separating themselyes from the rest of the
flock, when put into enclosures with other sheep.”® With
respect to fallow deer, which live in a semi-domesticated condi-
tion, Mr. Bennett” states that the dark and pale coloured herds,
which have long been kept together in the Forest of Dean, in
High Meadow Woods, and in the New Forest, have never been
known to mingle : the dark-coloured deer, it may be added, are
believed to have been first brought by James I from Norway,
on account of their greater hardiness, I imported from the
island of Porto Santo two of the feral rabbits, which differ, as
deseribed in the fourth chapter, from common rabbits; both
proved to be males, and, though they lived during some years in
the Zoological Gardens, the superintendent, Mr. Bartlett, in vain
endeavoured to make them breed with various tame kinds; but
whether this refusal to breed was due to any change in instinct,
or simply to their extremo wildness; or whether confinement
had rendered them sterile, as often occurs, cannot be told.
Whilst matching for the sake of experiment many of the
most distinet breeds of pigeons, it frequently appeared to me
that the birds, though faithful to their marriage vow, retained
some desire after their own kind, Accordingly I asked Mr.
Wicking, who has kept a larger stock of various breeds together
than any man in England, whether he thought that they would
prefer pairing with their own kind, supposing that there were
males and females enough of each; and he without hesitation
answered that he was convinced that this was the case. It has
often been noticed that the dovecot pigeon seems to have an
actual aversion towards the several fancy breeds;* yet all have

¢ For tho Norblk shecp, il by Dennty .36, Witk rspet
shall’s luml l-.cmmm) or \mlulk‘ to the origin of the dark-coloured
ol 136 Seo seo “Some Account of
 Dessipion of Faroe? Parks, by E, P,
ancon sheep, see s TheDwv
1813, p. 90. P15,
7 White's * Nat. Hist. of Do L\em»um; Band iv, 1795
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certainly sprung from a commen progenitor. The Rev. W. D),
Fox informs me that his flocks of white and common Chinese
geese kept distinct.

These fucts and statements, though some of them are incapable
of proef, resting only on the opinion of experienced observers,
show that somo domestic races are led by different habits of life
to keep to a certain extent separate, and that others prefer
coupling with their own kind, in the same manner as species in
a state of nature, though in a much less degree.

With respect to sterility from the crossing of domestie racés, T know of
o well-ascertained case with animals. This fact, seeing the great diffr-
ence in structure between some breeds of pigeons, fowls, pigs, dogs,
&e., s extraondinary, in contrast with the sterility of many (\wly u!liul
natural species when crossed; but we shall hereafter attempt t
s
here to recall to mind that the amount of external difference between
wo species will not safely guide us in foretelling whether or not they will
Treed together,—some closely allied species when crossed being utterly
sterile, and ofhers which are extremely unlike being moderately fertile.
T have said that no case of sterility in crossed races rests on satisfuctory
evidence; but here is one which at first seems trustworthy. M. Youatt?
and a better mumizy cannot be quoted, states, that formerly in Tancashiro

crosses were frequently made between longhorm and shorthorn cattle; the
first eross g exumm but the produce was uncertain; in the thind or
fourth generation the cows were bad milkers ; “ in addition to which, there.

was much umnmmy whether the cows wonld conceive; and full one-third

ws among some of theso half-breds failed to bo in calf” This
af first seems a good case; but Mr. Wilkinson states,” that a breed derived
ivom this same cross was actually established in another part of England;
and if it had failed in fertility, the fact would surely have been noticed.
Moreover, supposing that Mr, Youatt had proved his case, it might bo
argued that the sterility was wholly due to the two parent-breeds being
descended from primordially distinet species.

Lvvill give a case with plants, o show how diffieul it is to get sufi-
cient evidenco, Mr. Sheriff, who has been so successful in the forma-
tion of new races of wheat, fertilised the Hopetoun with the Talavera;
in the first and socond. generations the produce was intermedinto in -
racter, but in the fourth generation “it was [mlnd to consist of many

varicties ; mine-tenths of the florets proved barren, and many of the seeds
scemed shrivelled abortions, void of vitality, mnl the whole race was
evidently verging to extinction.”™  Now, considering how little these

© < Cutle,”
e 3 i, etk Miromed o e J.Beright! 182, . 84
B <Gardener's Chronicle,” 1838, p.
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aricties of wheat differ in any important character, it seems to me very
improbable that tho sterility resuited, as Mr. Sheriff thought, from the
cross, but from some quite distinct cause. Until such experiments are
Jnany times repeated, it would be rash to trust them; but unfortunately
they have been rarely tried even once with sufficient care.

Jirtnor has Tecorded a more remarkablo and trustworthy case: he
fortilised thirteen panicles (and subsequently nine others) on a dwarf
maiao bearing yellow seed with polen of a tall maize having red seed

one head alone produced good seed, only five in number. Though
fhoso plants are moneecions, and. thersfore do ot require castration,
yet T should have suspected some accident in the manipulation had
ot Giirtnor expressly stated that he had during many years grown these
two varieties together, and they did not spontancously cross; and this,
considering that the plants are monecious and abound with pollen, and
are well known' generally {o cross freely, seems explicable only on the belicf
that these two varicties are in some degree mutually infortile. The
Dybrid plants raised from the above five seed were intermediate in struc-
ture, extremely variable, and perfectly fortil one, T beliove, has
hitherto suspected that theso variotios of maize are istinct species; but
Tad the hybrids been in the least sterile, 1o doubt Girtner would at onco
have so classed them. T may hero remark, that with undoubted species
there is not necessarily any clos relation between the sterility of a first
cross and that of the hybrid offspring. Some specics can be crossed with
facility, but produce utterly sterile hybrids; others can bo crossed with
extreme difficulty, but the hybrids when produced are moderately fertile.
1 am not aware, however, of any instance quite like this of the maize with
natural species, namely, of a.first cross made with difficulty, but yielding
perfeetly fertile hybrids.

"Tho following caso s Tauch more remarkablo, and evidently perplezed

siirtner, whose strong wish it was to draw a broad line of distinction
between species and varicties. In the genus Verbascum, he made, during
cighteen years, a vast mumber of experiments, and crossed no less than
1085 flowers and counted their sceds. Many of these ex) s con-
sisted. in erossing white and yellow varieties of both V. fychnitis and V.
blattaria with nine other species and their hybrids. That the white and

cllow flowered plants of these two species are really varieties, no one.
s doubted; and Girtner actually raised in the caso of both species
one variety from the sced of the other. Now in two of his works he
distinclly asserts that crosses botween similarly-coloured fowers yield
‘more seed than between di d; so that the
ariety of either species (and comemw with tho white-flowered variety),
whencrossed with pallen of its own kmd lde e sced than when
crossed with that of the whi ty; and s
specio aro crossed. - Tho gencral rowulia may-be secn . fho Table at he

Bastarderzengung,’ s 7, 169, M ‘Kenntniss der Peteachinzg

See also the Table at the end of 187: *Bastarderzouguny

Volume On rising the fwo varicties S
i+ Bustardersougang,”s. 87, 577, see s, 507,
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end of his volume. Tn one instanco ho gives™ the following detail; bt 1
must premise that Girtnor, to avoid cxaggerating the degres of sterlty in
his crosses, always compares the mucimum number obtained from o cages
‘ith tho average number naturally given by the pure mother-plant. Ty
whito varicty of V. lyclmitis, naturally fertilised by its own pollen, guve
of twelvo capsules ninety-six good sceds in each; whilst
twenty flowers fertilised with pollen from the yellow varioty of this sag
species, guvo as the mazimum only eighty-nino good seed; 50 that we hav
tho proportion of 1000 to 908, according to Gartner's usual seale. T shonl]
have thought it possible that so small a difforenco in fertility might have
been accounted for by the evil effects of the necessary castration; bui
Giirtner shows that the white variety of V. lycknitis, when fertlised fiysi
by the white varioty of V. #attariu, and then by tho yellow variety of
this spocies, yielded sced in the proportion of 622 to 438; and in bof
theso cases castration was performed. Now the sterility which results
from the crossing of the difforently coloured varietics of the sune specics,
is fully as great as that which occurs in many cases when distinct species
aro crossed.  Unfortunately Girtnor compared the results of the first
‘unions alone, and not the sterility of the two sets of hybrids produced
ho white variety of V. Jychnitis when fertilised by the white and
yollow varieties of -V. Uattaria, for it is probablo that they would have
differed in this respect.

Mz. J. Seott has given me the results of @ serics of experiments on
Verbascum, made by him in the Botanic Gardens of Edinburgh. He re-
peated some of Giirtner’s experiments on distinct species, but obtained only
Huctuating results; some confirmatory, but the greater number contradic-
tory; nevertheless these scem hardly sufficient to overthrow the conclu-
sions arrived at by Girtner from experiments tried on a much larger scale,
In the second place Mr. Scott experimented on the relative fertility of
unions between similarly and dissimilarly-coloured varictics of tho samo
species. Thus he fertilised six flowers of the yellow variety of V. lycitis
Dy its own pollen, and obtained six capsules, and calling, for the sake of
having a_standard of comparison, tho average number of good seed in
each one hundred, ho found that this same yellow variety, when fertilised
by the whito variety, yielded from soven capsules an average of ninety-four
secd. On the same principle, the white variety of V. lychnitis by ifs own
pollen (from six eapsules), and by the pollen of the yellow varicty (cight
capsules), yielded seed in the proportion of 100 to 82.” The yellow variefy
of V. thapsus by its own pollen (cight capsules), and by that of the white
variety (only wo capsules), yielded seed in the proportion of 100 to 94.
Lastly, the white variety of V. lattaria by its own pollen (cight capsuls),
and by that of the yellow variety (five capsules), yielded sced in the pro-
portion of 100 to 79. So that in every case the unions of dissimilarly-
coloured varicties of the same species wero less fertilo than the unions of
similarly-coloured varieties; when all the cases are grouped together, the
difforence of fertility is as 86 to 100. Somo additional trials were made,
and altogether thirty-six similarly-coloured nions yiclded thirty-five good.

15 ¢ Bastarderzeugung, s, 216
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capsulos; whilst hirty-five dissimilarly-coloured unions yielded only tnty-
jpsules. Besides the foregoing experiments, the purple V. pla-
niceun. was crossed. by a rose-coloured and a white variety of tho samo
spocies; theso two varietics were also erossed togother, and theso several
unions yielded less secd than V. phaniceum by its own pollen. Hence it
follows from Mr. Scott’s experiments, that in tho genus Verbascum the
similarly and disinlrly-colourd varitios of tho s species behave,
when crossed, liko closely allied but distinc specit
This remarkable fact of the sexual affnity of mmluﬂy coloured varictics,
as observed by Giirtner and Mr. Seott, may not be of very rare occurrence
for tho subject has not; been attendad fo by others.  Tho following eso
is worth giving, partly to show how difficult it is to avoid error. Dr.
Herbert" has remarked that variously-coloured double varicties of tho
hollyhock (Althau rosea) may bo raised with certainty by seed from plants
growing close together. T have been informed that nurserymen who raise
v el ok o PR PR accordingly T procured seed
of eighteen named varictics; of these, eleven varieties produced sixty-fwo
Pl all prfutly truo o heie Kind; and. seven produced forty-nino
Plants, bl of which wore true and alf fuls. M. Mastars of Canterbury
has given me a more striking caso; he saved seed from a great bed of
twenty-four named varicties planted in closely adjoining rows, and each
varioty roproduced itsolf truly with only sometimes a shade of difference in
tint, Now in the hollyhock the pollen, which is abundant, is matured and.
nearly all shed efore the stigma of the same flower is ready fo receivo
it and s boescovered with pollen ncossanty fy from plnt to pla, it
would appear that adjoining varioties could not escape being crossed.
however, this docs not ocour, it appeared. to mo probuble that the pollrall

Ll b
Kélreuter “Drite Fortectaungy
5. 34, 3, appea atfnk sight srongly
to confirm Me. Scoft's and Girtner's
satements; and to o certin linited
extent they do so. Kilreuter
o opamerbleches

heios . vty of Yishasoum 10
auother; and I can confirm this asser-
tion; yet hio found that tho white and
‘ellow varieties of Verbascun lychnitis
often grew wild mingled together : more-
over, ho_cultivated these two varictics
in_consideruble numbers during four
years in his garde ept b

Lo crossed -
thoy produced flowers of

mediate tin o B e e
been thought that both varictics must
have a stronger elective aflnity fo the
pollen of their own variety than for
that of the other; this eleetiv aflnity,
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of cach variety was prepotent on its own stigma over that of all other
varieties. But Mr. C. Tumer of Slough, well known for his suecess in tho
cultivation of this plant, informs me that it is the doubleness of the flowers
which prevents the bees gaining access to tho pollen and stigma; and

i Whether this
explanation will fully account for varieties in closo proximity propagating
themselyes so truly by seed, T do not know.

The following cases are worth giving, as they relate to monaeious forms,
which do not require, and consequently have not been injured by, castra,
tion. Giron de Buzareingues crossed what he designates three varictios
of gourd,* and asserts that their mutual fertilisation is less easy in propor-
tion to the difference which they present. I am aware how imperfectly the
forms in this group were until recently known; but Sageret” who rauked
them aceording to their mutual fertility, considers tho three forms above
alluded to as varioties, as does a far higher authority, namely, M. Naudin®*
Sageret* has observed that certain melons have a greater tendency, what-
ever the cause may be, to keop truo than others; and M. Naudin, who s
had such immense experience in this group, informs me that he helieves
that certain varictios intercross more readily than others of the same
species; but he has not proved the truth of this conelusion; the frequent
abortion of the pollen near Paris being one great difficulty. Nevertheloss,
he has grown close together, during soven years, certain forms of Cit-
zullus, which, as they could be artificially erossed with perfeot facility and
produced fertile offspring, are ranked as varioties; but these forms when
ot artificially erossed kept true. Many other varicties, on the other hand,
in the same group cross with such facility, as M. Naudin repeatedly insists,
that without being grown far apart they cannot be kept in the least truc.

Another case, though somewhat different, may be hero given, asitis
highly remarkable, and is established on excellent evidence, Kolreuter
minutely deseribes five varictios of the common fobacco which were
reciprocally crossed, and the offspring were intermediate in character and
as fertile as their parents: from this fact Kolreuter inferred that they are
eally varictics ; and no one, as far as T can discover, soems to have doubted
that such is the case. He also erossed reciprocally these five varictics ith
. glutinosa, and they yielded very sterilo hybrids; but those raised from

war. perennis, whether used as the father or mother plant, were not 5o

sterile as the hybrids from the four other varieties So that the sexusl

» Namely, Farbarines, Pastissons,
“Annal. des Se. Nat, tom,

55, pp. .

@ “Mémoire sur les Cucurbitacem,
1820, pp. 46, 55

2« Annales des Se. Nat,” 4th sories,
tom. vi. M. Naudin considers theso
forms as undoubtedly varicties of Cu-
curbita, pepo.

2 < Mem, Cuourh,” p. 8.

=  Zeite Forts,’ s, 55, namely, Ni-
cotiana major vulgaris; (2) perennis ;

(8) Trausylvanica; (4) a subevar, of

this fact that e suspected that a litle
pollen of N. glutinosa in one of bis ex-
periments might have aceidentally g1k
mingled with that of var. pereunis, ad
thus aided its ferilising power. But
Know conclusively from Girtner
(‘Bastarders., s, 34, 43) that bwo
of pollen never aot con
species; still less will the pollen of &
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cnp'\mly of this one varisty has certainly been in some degree modified,
‘as to approach in naturo that of N. glutinasa®

These facts with respect to plants show that in some fow
cases certain varieties have had their sexual powers so far
modified, that they cross together less readily and yield less
seed than other varieties of the same species. We shall pre-
sently see that the sexual functions of most animals and plants
aro eminently liable to be affected by the conditions of life to
which they are exposed; and hereafter we shall briefly discuss
the conjoint bearing of this and other facts on the difference in
fertility between crossed varietios and crossed species.

Domestication eliminates the tendency to Sterility which is general
with Species when crossed.

This hypothesis was first propounded by Pallas™ and has
been adopted by several authors. I can find hardly any direct
facts in its support; but unfortunately no one has compared,
in the case of either animals or plants, the fertility of an-
ciently domesticated varieties, when crossed with a distinct
species, with that of the wild parent-species when similarly
crossed. No one has compared, for instance, the fertility of
Gallus bankiva and of tho domesticated fowl, when crossed
with a distinet species of Gallus or l’hnsin,nus; and the
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distinet species, mingled with a plaat’s
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experiment would in all cases be surrounded by many difi.
culties. Dureau de la Malle, who has so closely studied classical
literature, states® that in the time of the Romans the common
mule was produced with more difficulty than at the present
day; but whether this statement may be trusted T know not. A
much more important, though somewhat different, case is given
by M. Groenland,® namely, that plants, known from their inter.
mediate character and sterility to be hybrids between Hgilops
and wheat, have perpetuated themselves under culture since
1857, with a rapid but varying increase of fertility in each genera-
tion. In the fourth generation the plants, still retaining their
intermediate character, had become as fertile as common
cultivated wheat.

The indireet evidence in favour of the Pallasian doctrine
appears to me to be extremely strong. In the earlier chapters
1 have attempted to show that our various breeds of dogs are
descended from several wild species; and this probably is the
case with sheep. There can no longer be any doubt that
the Zebu or humped Indian ox belongs to a distinct species from
European cattle: the latter, moreover, are descended from two
or three forms, which may be called either species or wild races,
but which co-existed in a state of nature and kept istinct. We
Tave good evidence that our domesticated pigs belong to ab
least two specific types, S. serofa and Tndicus, which probably
lived together in a wild state in South-castern Burope. Now, &
widely-extended analogy leads to the belief that if these several
allied species, in the wild state or when first reclaimed, had
been crossed, they would have exhibited, both in their first
unions and in their hybrid offspring, some degree of steriity.
Nevertheless the several domesticated races descended from
them are now all, as far as can be ascertained, perfectly fertile
together. If this reasoning be trustworthy, and it is apparently
sound, we must admit the Pallasian doctrine that long-continued
domestication tends to eliminate that sterility which is natural
to species when erossed in their aboriginal state.

7  Annales des Sc. Nat.. tom. xxi. (Ist series), p. O1.
= ¢Bull. Bot. Soc. de France, Dec. 27th, 1861, tom. vii. p. 612
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On inereased Fertility from Domestication and Cultivation.

Tncreased fertility from domestication, without refer-
ence to crossing, may be hero briefly considered. This subject
cars indirectly on two or three points connected with the mo-
dification of organic beings. As Buffon long ago remarked,®
domestic animals breed oftener in the year and produce more
young at a birth than wild animals of the same species; they,
also, sometimes breed at an carlier age. The case would hardly
have deserved farther notice, had not some authors lately
attempted to show that fertility increases and decreases in an
inverse ratio with the amount of food. This strange doctrine
has apparently arisen from individual animals when supplied
with an inordinate quantity of food, and from plants of many
kinds when grown on excessively rich soil, as on a dunghill,
becoming sterile ; but to this latter point I shall have occasion
presently to return.  With hardly an exception, our domesticated
animals, which have long been habituated to a regular and
copious supply of food, without the labour of searching for it,
are more fortile than the corresponding wild animals, It is
notorious how frequently cats and dogs breed, and how many
young they produce at a birth. The wild rabbit is said
generally to breed four times yearly, and to produce from
four to eight young ; the tame rabbit breeds six or seven times
yearly, and produces from four to eleven young. The ferret,
though generally so closely confined, is more prolific than its
supposed wild prototype. The wild sow is remarkably prolific,
for she often breeds twice in the year, and produces from four to
cight and sometimes even twelve young at a birth; but the
domestic sow regularly breeds twice a year, and would breed
oftener if permitted; and a sow that produces less than eight at
o birth “is worth little, and the. sooner she is fattened for the
butcher the better.” The amount of food affects the fertility
even of the same individual: thus sheep, which on mountains
never produce more than one lamb at a birth, when brought

1 appeared in M.
s b Sihnle,” Herbert Spencer's *Principles of Bio-
i, p. 476, Since thi has  logy,’ vol. ii., 1867, p. 437 et sog.
been sent. o press a full discussion on i 2

* Quoted by Tsid. Geoflioy St tho prosent subject
Hilaire, “Hist. Naturelle
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Guar, XV

down to lowland pastures frequently bear twins, This differ-
ence apparently is not due to the cold of the higher land, for
sheep and other domestic animals are said to be extremely
prolific in Lapland. Hard living, also, retards the period at
which animals conceive ; for it has been found disadvantageous
in the northern islands of Scotland to allow cows to bear calves
before they are four years old*

Birds offer sill better evidence of inereased fertility from domesticatio
from six to ten exgs, a number
o ight nothing of with the domestic hen. The wild
duck lnys from five to ten oggs; the tame one in the course of the year
from eighty to one hundred. Tho wild grey-lag gooso lays from five to
cight eggs; the tame from thirteen to cighteen, and she lays a sccond
time; as Mr. Dixon has remarked, “high-fecding, care, and moderato
warmth induce o habit of prolificacy which becomes in some measuro
hereditary.” Whether the somi-domesticated dovecot pigeon is more
fertile than the wild rock-pigeon, C. livia, T know mot; but the more
thoroughly domestieated broeds aro nearly twice as fortilo as doveeots
the latter, Lowever, when caged and highly fed, become equally fertile
o e T P o of et Tl e
more fertile, according to some accounts, when wild in its native Tndi
ume tha whet Qamapsioated n Easops and exposed to ot mach elder
climate:*
With respect to plants, no ono would expeet wheat o tillor moro, and
cach ear to produce more grain, in poor than in rich soil; or to get in
poor soil a heavy crop of peas or beans. Sceds vary so much in number

 For cats and dogs, &, seo. Bal-
Pl R
serics, Zoolog,, tom. xii. p. 165 For
Lok B, et
Deutschlands,” Band i, 1801, . 786,
795, For rabbits, ditto, s. 1138, 1131 ;
and Broun's * Gesobichto der Natur,

87; and ‘Dio

R L iyt
*Seandinavian  Adventures, vol. i,
1 413; ond for tame geese,
“Omamental Poullry,” by Rev. E. §.
Dison, p. 189. On the breeding of
pigeons, Pistor, *Dus Ganze der Tan-

Blil,5. 90, For mountain sheep, ditts, _ bonmebty 1681, . 40: and Boitarda “a

5102 For the fortility of tho wild  Corbié, *Les Pigeous, p. 1
Dechuii's | <Naturgch. o {0 pesceks according to Te
S01, . 395, for ek (T, Nat Gén de Pigem:

Doutschlonds,” B. i,

Sidnays sy of
Youatt on the Fig, 1860, p. 62 With
respect to Lapland, tee Accrbi’s ‘Travels
to the North Cape; Eng. translat, vol. i.
p.222. About the Highland cows, seo
Hogs on Shecp, p. 263.

31 For the cigs of Gallus bankine, e

Blyth, in Annals and Mag. of Nat
Mo 2o o 1816, p. 456, witr sngs om gt o twelvo g
Mok i e e Gk Mg,
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that it is diffiult to estimato them; but on compating bods of carrots
saved for seed in a mursery garden with wild plants, the former scemed
to produce about twice as much seed. Cultivated cabbages yielded
thrice as many pods by measure as wild cabbages from the rocks of
Sonth Wales. ‘Tho excoss of berries produced by the cultivated Aspa-
ragus in comparison with the wild plant is enormous. No doubt many
highly cultivated. plants, such as pears, pineapples, bananas, sugar-cano,
&, are nearly or quite sterile; and I am inclined to attribute this
sterility fo_excess of food and to other unnatural conditions; but to this
subject T shall presently rocur.

In some cases, as with the pig, rabbit, &c., and with those
plants which are valued for their seed, the direct selection of
the more fertile individuals has probably much increased their
fertility ; and in all eases this may have oceurred indirectly, from
the better ehance of the more numerous offspring produced by
the more fertile individuals having survived. But with cats,
forrets, and dogs, and with plants like carrots, cabbages, and
asparagus, which are not valued for their prolificacy, selection
can have played only a subordinate part; and their increased
fertility must be attributed to the more favourable conditions of
life under which they have long existed.,

VOL. 11, 5

Darwin Online: Bv permission of the Trustees of the Natursl) History Museum (Londor



114 GOOD FROM CROSSING.

CHAPTER XVIIL

ON THE GOOD EFFECTS OF CROSSING, AND ON THE Evp,
EFFECTS OF CLOSE INTERBREEDING.

DEFINITION OF CLOSE INTERBEEEDING — AUGMENTATION OF MORHID TENDENCIES —
(GENERAL EVIDENCE OX TIE GooD
EVIL EEFECTS FROM CLOSE INTERBREED

— POWLS — PiaKONs — HIvE-ERS s
S DEVED FROM cmm\u—nmw, PRUTTREES, TRAS, CAUBAGRS,
WIIEAT, AND POREST-TREES — ON THE-IN

NORNALLY 0 AR AN SELY.IMPOTBN', BT ARE PR, B0 ON T
AL AXD FEMALL SIDE, WIEN CHOSED WITH DISTISCE INDIVIDUALS K1
THE SA3E OF. ANOTHER SPECIES — CONCLUSION,

TuE gain in constitutional vigour, derived from an occasional
cross between individuals of the same variety, but belonging to
distinet families, or between distinct varieties, has not been so
largely or so frequently discussed, as have the evil effects of too
closo interbreeding. But the former point is the more important
of the two, mnxmuch as the evidence is more decisive. The
evil results from close interbreeding -are difficult to detect, for
they accumulate slowly, and differ much in degree with dit
ferent species; whilst the good effects which almost invariably
follow a cross are from the first manifest. It should, however,
be clearly understood that the advantage of close interbreeding,
as far as the retention of character is concerned, is indisput-
able, and often outweighs the evil of a slight loss of constitu-
tional vigour. In relation to the subject of domestication, tho
whole question is of some importance, as too close interbreeding
interferes with the improvement of old races, and especially
with the formation of new ones. It is important as indirectly
bearing on Hybridism ; and perhaps on the extinction of species,
when any form has become so rare that only a few individuals
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remain within a confined area. It bears in an important
manner on the influence of free intercrossing, in obliterating
individual differences, and thus giving uniformity of character
to the individuals of the same race or species; for if additional

sed offspring will
ate result will be far greater
than otherwise would have occurred. Lastly, the question is
of high interest, as bearing on mankind. Hence I shall discuss
this subject at full length. As the facts which prove the evil
effects of close interbreeding are more copious, though less
decisive, than those on the ﬂnu(l effects of crossing, I shall, under
each group of beings, begin with the former.

There is no difficulty in defining what is meant by a cross;
but this is by no means casy in regard to * breeding in and in”
or “too close interbreeding,” because, as we shall see, different
species of animals are differently affected by the same degree of
interbreeding. The pairing of a father and daughter, or mother
and son, or brothers' and sisters, if carried on during several
generations, is the closest possible form of interbreeding. But
some good judges, for instance Sir J. Sebright, believe that the
pairing of a brother and sister is closer than that of parents
and children; for when the father is matched with his daughter
he crosses, as is said, with only half his own blood. The con-
sequences of close interbreeding carried on for too long  time,
are, us is generally believed, loss of size, constitutional vigour,
and fertility, sometimes accompanied by a tendency to mal-
formation. ~ Manifest evil does not usually follow from pairing
the nearest relations for two, three, or even four genera-
tions; but several cquses interfere with our detecting the evil
—such as the deterioration being very gradual, and the diffi-
culty of distinguishing between such direct evil and the inevit-
able augmentation of any morbid tendencies which may be
Tatent or apparent in the related parents. On the other hand,
the benefit from a cross, even when thero has not been any very
close interbreeding, is almost invariably at once conspicuous,
There is reason to believe, and this was the opinion of that most
experienced observer Sir J. Sebright,! that the evil effects of
close interbreeding may be checked by the related individuals

1 “The At of Tmproving the Breed, &c.” 1809, p. 16,
12
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being separated during a few generations and exposed to differen,
conditions of Tife.

That evil directly follows from any degree of close infer-
breeding has been denied by many persons; but rarely by any
practical breeder ; and never, as far as I know, by one who has
Irgely bred animals which propagate their kind quickly. Many
physiologists attribute the evil exclusively to the combination
and consequent increase of morbid tendencies common to both
parents: that this is an active source of mischief there can he
no doubt. It is unfortunately too notorious that men and
various domestic animals endowed with a wretched constitu-
tion, and with a strong hereditary disposition to disease, if not
actually ill, are fully capable of procreating their kind, Close
interbreeding, on the other hand, induces sterility; and this
indicates something quite distinct from the augmentation of
morbid tendencies common to both parents. The evidence
immediately to be given convinees me that it is a great law of
nature, that all organic beings profit from an oceasional cross
with individuals not closely related to them in blood; and
that, on the other hand, long-continued close interbreeding is
injurious.

Various general considerations have had much influence in
leading me to this conclusion ; but the reader will probably rely
more on special facts and opinions. The authority of experi-
enced observers, even when they do not advance the grounds of
their belief, is of some little value. Now almost all men who
have bred many kinds of animals and have written on the
subject, such as Sir J. Sebright, Andrew Knight, &c.? have
expressed the strongest conviction on the impossibility of long-
continued close interbreeding. Those who have compiled works
on agriculture, and have associated much with breeders, such as
the sagacious Youatt, Low, &e., have strongly declared their
opinion to the same effect. Prosper Lucas, trusting largely
to French authorities, has come to a similar conclusion. 1The
distinguished German agriculturist Hermann von Nathusius,
who has written the most able treatise on this subject which
T have met with, concurs; and as I shall have to quote from

Androw Knight, see A. Walker, on “Intermarriage,’ 1838, p. 227. Sir J-
Subl’lgllt s Treatise has just been quoted.
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this treatise, T may state that Nathusius is not ouly intimately
acquainted with works on agriculture in all languages, and
knows the pedigrees of our British breeds better than most
Englishmen, but has imported many of our improved animals,
and is himself an experienced breeder.

Evidence of the evil effects of close interbreeding can most
readily be acquired in the case of animals, such as fowls,
pigeons, &e, which propagate quickly, and, from being kept in
the sume place, are exposed to the same conditions. Now T
have inquired of very many breeders of these birds, and I havo
hitherto not met with a single man who was not thoroughly
convinced that an occasional eross with another strain of the
samo sub-variety was absolutely necessary. Most breeders of
highly-improved or fancy birds value their own strain, and are
most unwilling, at the risk, in their opinion, of deterioration,
to make a cross. The purchase of a first-rate bird of another
strain is expensive, and exchanges are troublesome; et all
breeders, as far as T can hear, excepting those who keep largo
stocks at different places for the sake of crossing, are driven
after a time to take this step.

Another general consideration which has had great influence
on my mind is, that with all hermaphrodite animals and plants,
which it might have been thought would have perpetually ferti-
lised themselves, and thus have been subjected for long ages to
the closest interbreeding, there is no single species, as faras I can
discover, in which the structure ensures self-fertilisation. On the
contrary, there are in a multitude of cases, as briefly stated in
the fifteenth chapter, maifest adaptations which favour or inevit-
ably lead to an occasional cross between one hermaphrodite and
another of the same species; and these adaptive stractures are
utterly purposeless, as far as we can see, for any other end,

With Cattle there can be no doubt that estremely close interbrooding
may be long carried on, advantageously with respect to external characters
and with no manifestly apparent evil as far as constitution is concerned.
The same remark is applicablo to sheep. Whether theso animals have
gradually been rendered less susceptiblo than others to this evil, in order
to permit them to live in herds,—a habit which leads the old and vigorous
males to expel all intruders, and in consequenco ofton fo pair with their
own daughters, I will not pretend to decide. The case of Bakewell's Long-
horns, which were closely interbred for a long period, has often been
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quoted; yet Youatt says® the breed had acquired  delicacy of consti-
tntion inconsistent with common management,” and * the propagation of
tho species was not always cerfain” But the Shorthorns offer the most
iking case of close interbreeding; for instance, the famous bull
Favourite (who was himself the offspring of a half-brother and sister from
TFoljambe) was matched with his own daughter, granddaughter, and
great-granddanghter; so that the produce of this last union, or tho
great-great-granddaughter, liad 15-16ths, or 9875 per cent. of the bl
of Favourite in her veins. This cow was matched with the bull Well-
ington, having 625 per cent. of Favourite blood in his veins, and pro-
ducod Clarissa; Clarissa was matehed with the bull Lancaster, having
6875 of the same blood, and she yielded valuable offspring.* Nevertheless
Collings, who reared. these animals, and was & strong advocate for close
breeding, onco crossed his stock with a Galloway, and the cows from this
cross realised the highest prices. Bates’s herd was esteemed the most, cele-
brated in the world. For thirteen years ho bred most closely in and in;
but during the next seventeen years, though he had the most cxalted
Totion of the value of his own stock, he thrice infused fresh blood info his
hord: it is said that he did this, not to improve the form of his animals,
Dut on account of their lessened. fertility. Mr. Bates's own view, as given
by a celebrated brecder, was, that “to breed in and in from a bad stock
was ruin and devastation; yet that the practico may bo safely followed
within certain limits when the parents so related are descended from first-
Tate animals.” We thus seo that thero has boon cxtremely closo inter-
breeding with Shorthorns; but Nathusius, after the most careful study
of their podigroes, says that ho can find no instance of a breeder who has
strictly followed this practice during his whole life. From this study and

i erience, he concludes that close interbreeding is mecessary
to ennoble the stock: but that in effecting this the greatest care is
mecessary, on account of the tendency to infertility and weakness. It
may be added, that another high authority® asserts that many more calves
aro born cripples from Shorthorns  than from other and less closely inter-
Dred races of cattle.

Although by carefully selecting the best animals (as Naturo effootually
does by the law of battle) close interbreeding may be long carried on
‘with cattle, yet the good effects of a cross between almost any two breeds
is at once shown by the greater size and vigour of tho offspring; a5
Mr. Spooner writes to me, * crossing distinet breeds certainly improves
cattle for the butcher.” Such crossed animals are of course of 10 value to
the breeder; but they have been raised during many years in soveral

3 <Cattle p. 199, Australia, 1865.
¢ Nathusius, Ucber Shorthorn Rind- 5 Mr. Willoughby Wood, in *Gar-
viell' 1857, . 71: see also * Gardenors  dencr's Chronicle, 1855, p. 4115 wnd
i 1860, p. 270 See the very clear tables
g0uS cases aro given in a pumphlet re-  and podigrees given in Nathusius'
cently published by Mr. C. Macknight  Rindvich, s 7277,
and Dr. H. Msdden, *On the True  © Mr. Wright, ‘Journal of Royal
Principlos of Breeding;' Melbourne, Agricult. Soc.. vol. vil, 1846, p. 204.
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parts of England to bo slaughtered;? and their merit is now so fully

recognised, that at fat-cattle shows a separate class has been formed for

their recoption. The best fut ox at the great show at Islington in 1862
4 crossed animal,

The half-wild cattle, which have been kopt in British parks probably
for 400 or 500 years, or even for a longer period, have been advanced by
Culley and others as & case of long-continued interbreeding within the
limits of the same herd without any consequent injury. With respect to
tho cutlo at Clillingha, tho lato Lord Tankorvillo owned that they wero
Tad breeders® The agent, Mr. Hardy, estimates (in a letter to me, dated
May, 1861) that in the herd of about fifty the average number annually
slaughtered, killed by fighting, and dying, is about ten, or one in five,
As the herd is kept up fo nearly the same average number, the annual
Tate of increase must be likewiso about one in five. The bulls, T may add,
engage in furious battles, of which hattles the present Lord Tankerville

as given me a grphic description, so that i) il sl o
e skt e vigorous males. T proeured in 1855 from
Mr. D. Gardosr, ngent o the Duka of Hamilion, the fellowing scoount of
the wild cattle kept in the Duke’s park in Lanarkshire, which is ahout
200 acres in extent. The mumber of eattlo varics from sixty-five to eighty;
and the number annually killed (I presume by all canscs) is from cight to
ten; 5o that the annual rate of inercase can hardly be more than one in six.
Now in South America, where the herds are half-wild, and therefore offer
a nearly fair standard of comparison, according to Azara the natural
inerease of the eattle on an estancia is from one-third to one-fourth of the
total mumber, or one in between three and four; and this, no doubt, applies”
exdlusively to adult animals fit for consumption. Hence the half-wild
British cattle which have long interbred within the limits of the sume
herd are relatively far less fertile. Although in an nenclosed country
liko Parnguay thero must b somo crossing between the difforent herds,
yet even there the inhabitants believe that the occasional introduc-
tion of animals from distant localitios is necessary to prevent  degene-

ration in size and_ diminution of fertility”* The decrease in sizo from
ancient times in the Chillingham and Hamilton cattlo must have been
prodigious, for Professor Ritimeyer has shown that they are almost ce
tainly the descendants of th gigantic Bos primigenius. No doubt this
decrease in size may be largely attributed to less favourable conditions of
lifo; yot animals roaming over largo parks, and fed during severo winters,
can hardly be considered as placed under very unfavourable s

With Sleep there has often been long-continued inferbreeding
Jimits of tho same flock;. but whother the nearost reations havo.beon
matehed <o frequently as in the caso of Shorthorn cattle, T do not know.
“he Messrs. Brown during fifty years have never infused fresh blood into
thelr excellent flock of Leicesters. ~Sinco 1810 Mr. Barford has acted on

e same principle with the Foscoto lock. o aserts that half a century

7 Youstton Cattl,p. 202,
® Report British Assoe,, Zoolog, Sect, 1635,
* Azars,* Quadrupides da Paraguay, tom. i, pp. 334, 368,

Darwin Online: Bv permission of the Trastees of the Natursl History Museun (Londor)



120 GOOD FROM CROSSING. Crar. XVII,
of experience has convinced him that when two nearly related animals
are quite sound in constitution, in-and-in breoding doos nob indo dege
neracy; but he adds that ho “ does not pride himself on brecding from
tho nearest affnities” In France tho Naz flock has been brod for sixty
years without the introduction of a single strange ram.”® Nevertheless,
most great brocders of sheep havo protested against closo inferbrocding
prolonged for t0 great a length of time The most colebrated of recent
‘breeders, Jonas Webb, kept five separate families to work on, thus “ retain-
ing the requisite distance of relationship between the sexes.”

Although by the aid of carcfal selection the near interbreeding of sheep
may be long continued without any manifest evil, yet it has often ‘been
the practice with farmers to cross distinct breeds to obtain animals for the
butcher, which plainly shows that good is derived from this practice,

- Spooner sums up his excellent Essay on Crossing by. asserting that
there js a dircot pecuniary advantage in judicious cross-hreeding, especially
when tho male is larger than the fomale. A former celobraiod breeder,
Lord Somerville, distinctly states that his half-breeds from Ryclunds and
Spanish sheep were larger animals than cither the pure Ryclands or pure
‘Spanish sheop.®

As some of our British parks aro ancient, it ocourred to me that there
must have been long-continued close interbreeding with the fallow deer
(Cervus dama) kept in them; but on inquiry I find that it is a common
Ppractice to infuse new blood Y procuring bucks from other parks,
Mr. Shirley, who has carefully studied the management of deer, admits
that in some parks there has been no admixture of foreign blood from a
timo beyond the memory of man. But he concludes * tha in the end
© the constant broeding in-and-in is sure to fell to the disadvantags of
« the whole herd, though it may fake a very long time to prove it;
“ moreover, when we find, as is very constantly the case, that the intro-
“ duction of fresh blood has been of the very greatest uso to deer, both
“by improviug their siz and appearance, and particularly by being of
“ service in removing the taint of * rickback,’ if not of other disenses, to
“which deer are sometimes subject when the blood has not been.
“ changed, thero can, I think, be no doubt but that a judicious cross
“with n good stock is of the greatest consequence, and i indeed essential,
*“ sooner or later, to tho prosperity of every well-ordered park.”

Mr. Meynell’s famous foxhounds have been adduced, as showing that no
ill effects follow from close interbreeding; and Sir J. Sebright ascertained
from him that he frequently bred from father and daughter, mother and

% For the case o the Messrs. Brown,
see  Gard. Chronicle,’ 1853, p. 26, For
the Foscote flock, * Gard. Chron.,” 1860,
p. 416 For tho Naz flock, * Bull. do la
Soc. &' Acclimat.; 1850, p. 477,

I Nothusius, *Rindvich,”
Yountt on Sheep, p. 495.

2 < Gand. Chronicle,” 1861, p. 631.

 Lord Somerville, * Facts on Sheep

s 65;

and Husbandry,’ p. 6. Mr. Spooner, in
“Journal of Royal Agrioult. Soc. of
England’ vol. xx. part il. Seo also an
excellent paper on the sume
in ¢ Gard. Chronicle,” 1860, p. 32
Mr. Charles Howard.

* +Some Account of English Docr
Parks,” by Evelyn P. Shirley, 1867,

ot
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n, and sometimes even from brothers and sisters. Sir J. Scbright,
Lo e el et
‘matching brothers and sisters, he has actually seen strong spaniels becomo
SyeAk s by s b TS R 7 O Ve oo i
40 mo the easo of a small lot of bloodhounds, long kept in the same family,
which had become very bad breeders, and nearly all had a bony enlar
ment in tho tail. A single cross with a distinet strain of bloodhounds
Testored their fertility, and drove away the tendency to malformation in
the fail. T have heard the particulars of another case with bloodhounds,
in which the female had to be held to the male. Considering low rapid
1008 atia dnevsi of Mo dog, it i difficult to understand the high
‘price of m i ich almost implies long-continued
Soms ezt tng, sxco cu 0 el i i et e eFG
and increases liability to distemper and other diseases. A high authority,
Mr. Serope, attributes the rarity and deterioration in size of the Scoteh
deerhound (the fow individuals now existing throughout the country
being all related) in large part to close interbreeding.

With all highfy-brod animals thero is more or loss difficulty in gotting
them to' procreate quickly, and all suffer much from delicacy of constitu-
tion; but T do not pretend that those effects onght to bo wholly attributed
to close interbreeding. A great judge of rabbits™ says, “ the long-eared
oes are often too highly brod or forced in their youth to bo of much valuo
as breeders, often turning ont barren or bad mothers” Again: “Very
Tong-cared bucks will also sometimes prove barron.” Theso highly-bred
Tabbits often desert their young, so that it is necessary to have nurse-rabbits.

With Pigs thero is moro unanimity amongst breeders on the evil
effects of close interbreeding than, perhaps, with any other large animal.
Mr. Druce, a great and successful brecder of the Tmproved Oxfordshires
(a crossed raco), writes, “ without @ chango of boars of a difforent tribe,
ut of the same breed, constitution cannot b preserve Fisher
Hobbs, the raiser o brated Tmproved Essex breed, divided his
stock into three separate families, by which means he maintained the
breed for moro than twenty years, by judicious seleotion from the three
disint fumilies?" Lord Western was tho frst impartor of o Noapoitan

“From this pair ho bred in-and-in, until the breed was
in danger of becoming extinet, a sure result (as M. Sidney remarks) of
in-and-in breeding.” Lord Westorn then erossed his Neapolitan pigs with
the old Essex, and made the first great step towards the Improved Bssex
breed. Here is a more interesting case. Mr. J. Wright, well known as a
Dreeder, erossed™ the same boar with the daughter, granddaughter, and
great-granddaughter, and 5o on for seven gencrations. The result was,
that in many instances the offspring failed to breed; in others they pro-
duced few tat lived; and of tho Iatter many woro iditi, without senso

1 Tho Artof Improving the Breed,”
ik et o i
<At of Deer

Siulking, pp. 360353 &
“ Cottago Gardoner, 1801, p. 327, England,” 1846, vol vi. p. 205.
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oven to suck, and when attempting to move could not walk straight. Now
it desorves ospacial motice, that tho two lnst sows produced by fhis long
course of interbreeding were sent to other bours, and they bore severs]
litters of healthy pigs. Tho best sow in external appearance produced
during the whole seven generations was one in the lnst stage of descent;
but the litter consisted of this one sow. She would not breed to her sire,
Yot bred at the first trial to a stranger in blood. o that, in Mr. Wright's
case, long-continued and extremely close interbrocding did not affct the
external form or merit of the young; but with many of them the general
constitution and mental powers, and especially the reproductive functions,
were seriously affected.

Nathusius gives' an analogous and even. more striking ease: o im.
ported from England a pregnant sow of the large Yorkshire breed, and
bred the product closcly in-and-in for three generations : the result was
mnfavourable, as the young were weak in constitution, with impaired
fertility. One of tho Intest sows, which ho esteemed a good animal, pro-
duced, when paired with her own unelo (who was known to be productive
‘with sows of other breeds), a litter of six, and a second time o litter of
only five weak young pigs. He then paired this sow with a bour of a small
black breed, which he had likewise imported from England, and which
Doar, when matched with sows of his own breed, produced from seven to
nine young: now, the sow of the large breed, which was 5o unproductive
When paired with her own unclo, yielded to the small black boar, in the
first litter twenty-one, and in the second litter cighteen young pigs; so
that in one year she produced thirty-nine fine young animals!

As in the caso of several other animals already mentioned, even when no
injury is pereeptible from moderately elose interbreeding, yet, o quote the
words of Mr. Coate, # most successful breeder (who five times won the
annual gold medal of the Smithfield Club Show for the best pen of pies),
“Crosses answer well for profit to the farmer, as you get more con-
stifution and quicker growth; but for me, who sell a great number of pigs
for breeding purposes, I find it will not do, as it requires many years to
et anything like purity of blood again.”®

Before passing on to Birds, T ought to refer to man, though T
am unwilling to enter on this subject, as it is surrounded by
natural prejudices. Tt has moreover been discussed by various

anthors under many points of
8.

Pig, p. 35,

also note, p. 3. Also Richardson

the Pig, 1847, p. 26.

2 Dr. Dally bas published an excel-
Jent artilo (translated in the * Anthro-
polog. Review, May, 1864, p. 65),
all writers who buvo main:
tained that ovil follows from con..
sanguincous marriages. No doubt, on
this side of the question many udvocates

Seo
on

view.?  Mr. Tylor® has shown
have injured their cause by fnaceu-
meies ; thus it has been stated (Devay,
“Du Danger des Maringes,” &, 1862
- 141) that the marriages of coush

have been proliibited by the legislature
of Ohio; but I have been nssured, i
answer to inquiries made in the United
States, that this statement is & mere
fable.

2 See hismostinteresting work on tho
“Early History of M, 1805, chap. X,

Fiadeiin Dilir: By tarrissioriof tha Tiistses af ths Kiative | Seton MSsi e N



Cia, XVIL EVIL FROM INTERBREEDING. 123

that with widely different races, in the most distant quarters of
the world, marriages between relations—even between distant
relations—have been strictly prohibited. A few exceptional
cases can be specified, especially with royal families ; and theso
have been enlarged on in a learned article? by Mr. W. Adam,
and formerly in 1828 by Hofacker. Mr. Tylor ed to
believe that the almost universal prohibition of closely-related
marriages has arisen from their evil effects having been observed,
and he ingeniously explains some apparent anomalics in the
prohibition not extending equally to the relations on both the
male and female side. He admits, however, that other causes,
such as the extension of friendly alliauces, may have come into
play. Mr. W. Adam, on the other hand, concludes that related
marriages are probibited and viewed with repugnance from the
confiusion which would thus ariso in the descent of property, and
from other still more recondite reasons; but I cannot accept
this view, seeing that the savages of Australia and South
America,* who have mo property to bequeath or fine moral
feelings to confuse, hold the crime of incest in abhorrence.

It would be interesting to know, if it could be ascertained, as
throwing light on this question with respect to man, what oceurs
with the higher anthropomorphons apes—whether the young
males and females soon wander away from their parents, or
whetler the old males become jealous of their sons and expel
them, or whether any inherited instinctive feeling, from being
beneficial, has been generated, leading the young males and
females of the same family to prefer pairing with distinct
families, and to dislike pairing with each other. A considerable
body of evidence has already been advanced, showing that the
offspring from parents which are not related are more vigorous
and fertile than those from parents which are closely related ;
hence any slight feeling, arising from the sexual excitement of
novelty or other cause, which led to the former rather than to
the latter unions, would be augmented through natural selec-
tion, and thus might become instinctive ; for those individuals
which bad an innate preference of this kind would increase in
number. It seems more probable, tlmv, degraded savages should

canguinity in Marriage, in  # Sir G. Grey's “Journal of Expo-
o+ Fortmighily Review: 1865, 7105 dtions ity Al Y. - . 34
Hofucker, “Ueber dic Figeuschaften,”  and Dobriahoffer, “On the Abiponcs of
e, South America.’

s incl
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thus unconsciously have acquired their dislike and even abhor.
rence of incestuous marriages, rather than that they should haye
discovered by reasoning and observation the evil results. Tho
abhorrence occasionally failing is no valid argument against the
feeling being instinctive, for any instinct may occasionally ful
or become vitiated, as sometimes occurs with parental Tove and
the social sympathies. In the case of man, the question whe-
ther evil follows from close interbreeding will probably never
be answered by direct evidence, as he propagates his kind so
slowly and cannot be subjected to experiment ; but the almost,
universal practice of all races at all times of avoiding closcly-
related marringes is an argument of considerable weight ; and
whatever conclusion we arrive at in regard to the higher animals
may be safely extended to man.

Turning now to Birds: in the case of the Foul a whole array of autho-
rities could be given against too close interbreeding. Sir J. Sebright posi-
tively asserts that he made many trials, and that his fowls, when thus
treated, became long in the legs, small in the body, and bad breeders.®
He produced the famous Sebright Bantams by complicated crosses, and by
breeding in-and-in; and since his time there has been much close inter-
breeding with these Bantams; and they aro now notoriously bad breoders,
I have seen Silver Bantams, directly descended from his sic ck, which had
become almost as barren as hybrids; for not a single chicken had been
that year hatched from two full nests of eggs.  Mr. Howitt says that with
these Bantams the sterility of the male stands; with rare exceptions, in the
closest relation with their loss of certain secondary male characters:
adds, “T have noticed, as a general rule, that even the slightest deviation
“from feminine character in the tail of the male Sebright — say the
“ elongation by only half an inch of the two principal tajl-feathers—
“ brings with it improved probability of increased fortility.”*

Mr. Wright states” that Mr, Clark, “whose fighting-cotks were so
“ notorious, continued to breed from his own kind till they lost their dis-
« position to fight, but stood to be cut up without making any resistance,
“and were so reduced in size as to be under those weights required for
“tho best prizes; but on obtaining a cross from Mr. Leighton, they
“ again resumed their former courage and weight.” It should be borne
in mind that gume-cocks before they fought were always weighed, so that
nothing was left to the imagination about any reduction or increase of

* *Tho Artof Luproving the Breed,’  Poultry Book,” by Tegstmeier, 1866, p-
P15 135, with respeet to the extent.to which
* ‘Tho Poultry Book,’ by W B, cockefighters found that they could

Tegotmoier, 1866, p. 245. and-in, viz, ooca-
& *Journal Royal Agricult. Soc.,’ sionallya hen with her own son; “but
1846, vol. vi. p. 203; see also Fergusan they were coutious not to repeat tho

on the Fowl, pp. 83, 317 se also *Tho  in-and-in brecding”
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woight.  Mr. Clark dogs not scem to havo bred from brothors and ssters,
which is the most injurious kind of union; and he found, after repeated
trinl, that thero was  grentor xeduston 1 waight i ho young from a
father paired with his danghter, than from o mother with her son. I may
add that Mr. Eyton, of Eyton, the well-known ornithologist, who is a largs
Dreeder of Grey Dorkings, informs me that they certainly diminish in size,
aud become less projific, unless a cross with auother stzain is occasionally
obtained. 8o it is with Malays, according to M. Hewitt, as far as size is
concerned ®

An experienced writer® remarks that tho sume amateur, as is woll
Known, seldom long maintains the snpmoncy of his birds; and this, ho
adds, undoubtedly s duo to all his stock * being of the sumo blood
hence it is indispensablo that he should oceasionally procure a bird of
another strain, But this is not necessary with those who keep u stock of
fowls at different stations. Thus, M. Ballance, who has bred Malays for
thirty years, and has won more prizes with these birds than any other
fancier in England, says that breeding in-and-in does not necessarily cause
dvtclmmuon, “but all depends upon how this is managed.” My plan

has been to keep about five o six distinet runs, and to rear about
“two hundred or threo hundred chickens each year, and select the best
“ birds from each run for erossing. I thus secure sufiiient crossing to
“ prevent deterioration.”

We thus seo that there is almost comploto unanimity with poultry-
breeders that, when fowls are kept at the same place, evil quickly follows
from interbreeding carried on to an extent which would be disregarded
in the ease of most quadrupeds. On the other hand, it is a gencrally
received opinion that eross-hred chickens are the hardiest and most easily
reared® M. Tegetmeier, who has carefully attended to poultry of all
Dreeds, says* that Dorking hens, allowed to run with Houdan or Créveceeur
cocks, “ produce in tho early spring chickens that for size, hardihood,
“ early maturity, and fitness for the market, surpass those of any pure
“ broed that wo have over raised.” Mr. Howitt gives it as a general rulo
with fowls, that crossing the breed increases their size. He makes this
remark aftor stating that hybrids from the pheasant and fowl are con-

erably lurger than cither progenitor: 5o again, hybrids from the male
golden pheasant and hen common pheasant “are of far larger sizo than
either parent-bird.”® o this subject of the increased size of hybrids T
shall presently return.

With Pigeons, breeders aro unanimous, as previously stated, that it is
absolutely indispensable, notwithstanding the trouble and expenso thus
causod, oceasionally to eross their much-prized birds with individuals of
another strain, but belonging, of course, 10 the same variety. Tt deserves

= “Tho Poultry Book,’ by W. B. & Tho Poultry Chronicl, vol . p,
Tegetmeier, 1866, p. 79.
> ‘Thcl’oullry Chroni

071804, vol. & <o Pouliry Book; 1863, . 210,
X id. 1866, p. 167; aud ol
5 e Poultry Book, by W. B. hhmnxcle vol. i, 1855, p. 1
Tegetmeicr, 1866, p. 79
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notice that, when large sizo is one of fho desired characters, as with
pouters;* the evil effects of close interbreeding aro much sooner perceived
an when swall birds, such as short-faced tumblers, are valued. Tho
extreme delicacy of the high fancy breeds, such as these tumblers and
improved English carriers, is remarkable; they are lisblo to many diseases,
and often die in the egg or during the first moult; and their eggs have
generally to be hatched under foster-mothers. ~Althongh those highly.
prized birds have invariably been subjected to much close interbreeding,
yet their extremo delicacy of constitution cannot perhaps be thus fully
explained. M. Yarrell informed me that Sir J. Scbright continued closcly
interbreeding some owl-pigeons, until from their extreme sterility he as
mearly as possible lost the whole family. Mr. Brent tried to raise  breed
of trumpeters, by crossing a common pigeon, and recrossing tho duugher,
L and great-great- with
the same male trumpeter, until ho obtained a bird with }3 of trumpeter's
blood ; but then the experiment failed, for “breeding 5o closo stopped re-
production.” The experienced Neumeister also asserts that the offepring
from dovecotes and various other breeds are “ generally very fertle and
hardy birds:” so again, M. Boitard and Corbié after foriy-five years'
experience, recommend persons to cross their breeds for amusement; for,
if they fail to make interesting birds, they will succeed under an economical
point of view, “as it is found that mongrels are more fertile than pigeons
of pure race.

1 will refer only o one other animal, namely, the Hive-bee, becauso a
distinguished entomologist has advanced this as & case of inevitable close
interbrecding. As the hive is tenanted by a single female, it might have
been thought that her male and female ofispring would always have bred
together, more especially as bees of different hives are hostile to each
other; a strango worker being almost always attacked when frying to
enter another hive. But Mr. Tegetmeior has shown® that this instinct
does not apply to drones, which are permitted to enter any hive; so that
there is 10 @ priori improbability of a queen receiving a foreign dronc.
“The fact of the union invariably and necessarily taking place on the wing,
during the queen's nuptial flight, seems to be o special provision against
continued interbrecding. However this may be, experience has shown,
sinco the introduction of the yellow-banded Ligurian race into Germany
and England, that bees freely cross: Mr. Woodbury, who introduced
Ligurian bees into Devonshire, found during o singlo season that three
stocks, at distances of from one to two miles from his hives, wero orossed
by his drones. In ono easo the Ligurian drones must have flown over the
city of Excter, and over several intermediate hives. On another occasion
several common black queens were crossed by Ligurian drones ata distance
of from one to three and a half miles”

3 ¢ A Treatiso on Fancy Pigons, by 37 ¢ Tes Pigeons; 1824, p. 85.
3. M. Eaton, p. 56. 3 < Proc. Entomolog. Soc,” Aug. 6th,
 *The Pigeon Book, p. 46. 1860, p. 126.
* Dus Ganzo der Taubenzucht;  ® *Journal of Horticulture, 1861, pp.
1887, 5. 18, 89,77, 158; and 1864, p. 206.
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Plants.

When a single plant of a new specios is introduced into any country,
if propagated by seed, many individuals will soon be raised, so that
if the proper insects be present there will be crossing. With newly-
introduced trees or other plants not propagated by seed we are not here
concerned.  With old-cstablished plants it is an almost universal practica
occasionally to make exchanges of seed, by which means individuals
which have been exposed to different conditions of life,—and this, as we
have seen, dimi the evil from closo interbreeding,—will oceasionally
be introduced into each district.

Experiments have not heen tried on the effects of fertilising flowers with
their own pollen during severd generations. But we shall prosently seo
that certain plants, either normally or abnormally, are more or less sterile,
even in the first generation, when fertilised by their own pollen. Although
nothing is directly known on the evil effects of long-continued close inter-
Dreeding with plants, the converse proposition that great good is derived
from erossing is well established. .

With respect to the erossing of individuals belonging to the same sub-
variety, Giirtner, whoso accuracy and experience excceded that of all other
hybridisers, states* that he has many times observed good effcets from
this step, especially with exotic geners, of which the fertility is somewhat
impaired, such as Passiflora, Lobelia, and Fuchsia. Herbert also says it
“1I am inclined to think that T have derived advantage from improg-
“ nating the flower from which T wished to obtain seed with pollen from
 another individual of the sume variety, or at loast from another flower,
“ rather than with . Again, Profossor Lecoq asserts that he has

ascertained that erossed offspring are more vigorous and robust than their
nts.

I

ro

General stafements of this kind, however, ean scldom be fully trusted ;
consequently T have begun n serics of experiments, which, if they continue
to give the same results as hitherto, will for over settle the question of the
00d efftcts of crossing two distinct plants of the same varicty, and of the
ovil effeots of self-fertilisation. A clear light will thus also be thrown on
the fact that flowers are invariably eonstructed so as to permit, or favour,
or nocossitate the wnion of two individuals. We shall clearly understand
why monaecious and dicecious,—why dimorphic and trimorphic plants exist,
and many ofher such cases. Tho plan which I have followed in my expe-
Fiments is to grow plants in the same pot, or in pots of the same size, or
close together in the open ground; to carcfully exclude insects; and then
to fertilise somo of the flowers with pollon from the same flower, and
others on the same plant with pollen from & distinet but adjoining plant,
In many, but not all, of these experiments, the crossed plants yiclded much
more sced than the self-fertilised plants; and I Lave never soen tho

& ! Beltriize sur Kenntniss der Befruchtung,” 1844, 5. 366,
< Amaryllidacos, p. 571
© ¢De lu Pcondatuon,

2ud edit, 1562, p. 70.
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Toversed case. The solf-fortilised and crossed seeds thus obtained wero
allowed fo germinato in the samo glass vessel on damp sand; and as the
seeds successively germinafed, they were planted in pairs on opposite
sides of the same pot, with a superficinl partition between them, and were
placed 5o as to be equally exposed to the light. In other cascs the self.
fortilised and crossed seeds were simply sown on opposite sides of the
same small pot. T have, in short, followed different plans, but in cvery
caso have taken all the preeautions which I could think of, o that thy
two lots should be equally favoured. Now, I have carefully observed
the growth of plants raised from crossed and self-fertilised seed, from
their germination fo maturity, in spocics of the following genera, namely,
Brassica, Lathyrus, Lupinus, Lobelia, Lactuea, Dianthus, Myosotis, Po.
tunia, Linaria, Calceolaria, Mimulus, and Ipomeea, and the difforence in
their powers of growth, and of withstanding in certain cases unfavourable
conditions, was most manifest and strongly marked. It is of importance
that the two lots of seed should be sown or planted on opposite sides of
the same pot, o that the seedlings may struggle against cach other; for it
sown separately in ample and good soil, there is often but little difference
in their growth.

T will briefly describe the two most striking cases as yet observed by
me. Six crossed and six solf-fortilised seeds of Zpomes purpurea, from
plants treated in the manner above described, wero planted as soon as they
had germinated, in pairs on opposite sides of two pots, and rods of cqual
thickness were given them to twine up. Five of the crossed plants graw
from the first more quickly than the opposed self-fertilised plants; the
sixth, however, was weakly and was for a time beaten, but at last its
sounder constitution prevailed and it shot ahead of its antagonist. As
s00m s each crossed plant reached the top of its soven-foot rod its fellow
‘was measured, and th result was that, when the crossed plants were seven
foct high, the self-fortilised had attained the average height of only five
feet four and a half inches. The crossed plants flowered a little before,
and more profusely than tho self-fertilised plants. On opposite sides of
another small pot  large number of crossed and sel-fortilised seeds wero
s0wn, g0 that they had to struggle for bare existence; a single rod was
given to each lot: here again the crossed plants showed from the first
their advantago; they never quite reached the summit of the seven-foot
rod, but relatively to the self-fortilised plants their average height was as
seven feet to five fect two inches. The experiment was repeated in the
two following generations with plants raised from the self-ertilised and
crossed plants, treated in exactly the same manner, and with nearly the

In the second generation, the crossed plants, which were
again crossed, produced 121 sced-capsules, whilst tho self-fortlised plants,
again self-fertilised, produced only 8 capsules,

Somo flowers of the Mimalus luteus wero fertilised with their ovn
pollen, and others were crossed with pollen from distinet plants growing
in the same pof. The seeds after gorminating were thickly planted
on opposite sides of a pot. The scedligs were at first equal in height;
but when the young crossed plants were exactly half an inch, the self-
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fertilised plants were only a quarter of an inch high. But this inequality
did mot continue, for, when the erossed plants were four and a_half
inches high, the self-fertilised were three inches; and they retained tho
same relative difference till their growth was complete. The crosscd
plants looked far more vigorous than the uncrossed, and flowered beforo
them; they produced also a far greater mumber of flowers, which yiclded
capsules (judging, however, from only a fow) containing more seeds. As
in the former case, iment was repeated in the samo i
the next, two generations, and with exactly the same result. Had T not
watched these plants of the Mimulus and Tpomea during their whols
growth, T could not have belioved it possible, that a difference apparently
50 slight, as that of the pollen being taken from the same flower, and
from a distinct plant growing in the same small pot, could have made so
wonderful a difference in the growth and vigour of the plants thus pro-
duced. This, under a physiological point of view, is a most remarkuble
phenomenon.

With respect to the benefit derived from crossing distinet varicties,
plenty of evidence has been published. Sageret* repeatedly speaks in
strong terms of the vigour of melons raised by crossing different varicties,
and adds that they are more easily fertilised than common ‘melons, and
produce numerous good seed. Here follows the evidence of an English
gardener:* “I have this summer met with better success in my culti-
“ vation of melons, in an unprotected state, from the sceds of hybrids
e, mongrels) obtained by cross impreguation, than. with old varicties.
#Tho offspriwrg of three diferent hybridisations (one more especially, of
“which the parents were the two most dissimilar varicties 1 could select)
“ each yicldod more ample and finer produce than any ome of between
“ twenty and thirty established varicties.”

w Knight  believed that his seodlings from crossed varieties of
the applo exhibited increased vigonr and luxuriance; and M. Chevreul
alludes to tho extreme vigour of somo of the crossed fruit-troes raised by
Sageret,

By erossing reciprocally the tallest and shortest peas, Knight 7 says,
“Thad in this experiment a striking instance of the stimulative effects
“of crossing the breeds; for the smallest. variety, whose height rarely
“exceeded two feet, was increased to six feet; whilst the height of the

one to w0 or three feet taller than the parent-forms growing close along-
side them.

o Mémoiro gur les Cucurbitacéos; 4 ¢ Aunal. des So. Not. 3rd series,
PP, 96, 28, 50. Bot,, tom. vi. p. 189.

& Loudou's ‘Gard. Mag,' vol. viii,  4'*Philosophical Transactions,’ 1799,
1832, p. 52, o

 “Transact, Hort, Soo,’ voli. .25,
VoL 1. K
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Wicgmann  mado many crosses between several varictics of eabluge;
and he speals with astonishment of the vigour and height of the mnumxm
which excited the amazement of all the gardeners who beheld thy
M. Chaundy raised o great number of mongrels by planting together s
distinct varietios of cabbage. These mongrels displayed an infinite
diversity of character; “But the most remarkeblo circumstanco was,
 that, while all the other cabbages and borecoles in the nursery were
“ destroyed by o severo winter, these hybrids were little injre, wi
 suppliod the kitchen when there was 10 other cabbage to bo had.”

Mr. Maund exhibited beforo the Royal Agricultural Soclcty" spocimens
of crossed wheat, together with their parent varieties; and the editor
states that they were intormediate in character, “ united with that greater
vigour of growth, which it appears, in the vegotable as in the animal
world, is the result of a first cross.” Knight also crossed several varieties
of wheat, and he says “ that in the years 1795 and 1796, when almost
“ the whole crop of corn in the island was blighted, the varieties thus
 obtained, and these only, escaped in this neighbourhood, though sown
“ in several different soils and situations.”

Here is a remarkable case: M. Clotzsch® crossed Pinus sylvestris and
nigricans, Quercus robur and pedunculata, Alnus glutinosa and incan,
lmus campestris and. effusa ; and the eross-fertilised seeds, as well as seeds
of the pure parent-trees, were all sown at the same time and in the sune
place. The result was, that after an interval of eight years, the hybrids
were one-third taller than the pure troes!

The facts above given rofer to undoubted varictics, cxcepting the trees
crossed by Clotzsch, which are ranked by various botanists s strongly-
marked races, sub-species, or species. That true hybrids raised from
entirely distinct species, though they loso in fertility, often gain in sizo
and constitutional vigour, is certain. It would be superfluous to quote
any facts; for all experimenters, Kolrouter, Giirtner, Herbart, Sagerct,
Teco, and Nandin, havo been struck with the wonderful vigour, height,
size, tenacity of life, precocity, and hardiness of their hybrid pmdmiom
Girtnor® sums up his convietion on this head in the stron
Kolreuter® gives numerous precise measurements of the weight and helghl
of his hybrids in comparison with measurements of both parent-forms;
and speaks with astonishment of their “ statura portentosa,” their “ ambitus
wastissimus ac altitudo valde conspicua.”  Some exceptions to the rule in the
case of very sterile hybrids have, howover, been noticed by Girtner and

4 Ueher die Bastarderzengung, 1828, vol. , p. 327.
582, 83. ForMr. Choundy's case, see 5 Girtuer, *Bostarderzengung! &
Laondons *Gard. Mag.) vol. i, 1831, 239, 518, 526

. Fortsetzung, 1763, 5.20; *Dritto

4 <Gardener's Chron, 1846, p. 001 Fumuung, 5. 44, 96; Act. Acad.

& «Philosoph, Transact,’ 1799, p. S, Petersburg,’ 1782, part il p. 2017
201 “Nova Acta,’ 1793, pp. 391, 3%;

 Quoted in * Bull. Bot. Soc. France, ¢ Nova Acta,’ 1795, pp. 16, 823.
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Herbert; but tho most striking exceptions are given by Max Wichura,*
who found that hybrid willows wero gencrally fender in constitution,
dwarf, and short-lived.

Kolreuter explains the vast increase in the size of the roots, stems, &
of his hybrids, as he esalt of o sort of compensation duo to ther sterlity,
in the sume way as many emaseulated animals aro Jarger than the perfect
males. This view seems at first sight extremely probable, and has been
accepted by various authors;% but Giirtner® has well remarked that
there is much difficulty in fully admitting it; for with many hybrids there
isno parallelism between the degree of their sterility and their increased size
and vigour. The most striking instances of luxuriant growth have been
observed with hybrids which were not sterile in any extreme degree. Tn
the gemus Mirabilis, certain hybrids are unusually fertile, and their extra-
ordinary Iuxuriance of growth, together with their enormous roots,” have
‘een transmitted to their progeny. The inereased sizo of the hybrids pro-
duced between the fowl and pheasant, and between distinet specis of phea-
sants, has been already noticed. The result in all cases is probably in part
due to the saving of nutriment and vital force through the sexual organs
ot acting, or acting imperfectly, but more especially to the general law of
good being derived from a cross. For it deserves especial attention that
mongrel animals and plants, which are so far from being sterile that their
fertility is often actually augmented, have, as previously shown, their size,
hardiness, aud constitutional vigour gencrally incrensed. It is ot a little
remarkablo that an accession of vigour and size should thus arise under
the opposite contingencies of increased and diminished fertility.

It is a perfectly well ascertained fact™ that hybrids will invariably
breed moro readily with cither pure parent, and not rarely with o S
species, than with each other. Herbert is inclined to explain
faet by tho advantago derivod from a oross: bub Girtner more usly
accounts for it by tho pollen of the hybrid, and probably its ovules, being
in some degree vitiated, whereas the pollen and ovules of both pure
parents and of any third species are sound.  Nevertheless there are some
well-ascertained and remarkable facts, which, as wo shall immediately see,
show that the ack of crossing in itself undoubtedly tends to increase or
re-establish the fertility of hybrids,

On certain Hermaphrodite Plants which, either normally or abnor-
mally, require to be fertilised by pollen from a distinet individual
or species.

The facts now to be given differ from those hitherto detailed,
as the selfsterility does not here result from long-continued,
5 ¢ Die ) &, w¢ 7 5. 394, 526,

1865, 5. 81, 41, 42, 2,

% Max Wichura fully mcrph this 9 Kélreuter, ‘Nova Acta,’ 1795, p.

view (* Bastardbofruchtung,’ s. 43), 18 316

doos th Rev. M. J. Borkeley w o Garnr, Tusacleomugung s

‘al o Hort, Soc., Jan. 1566, p. 70.
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close interbreeding. These facts are, however, connected with
our present subject, because a cross with a distinet individua]
is shown to be cither necessary or advantageous. Dimorphi
and trimorphic plants, though they are hermaphrodites, mus;
be reciprocally crossed, one set of forms by the other, in order
to be fally fertile, and in some cases to be fertile in any dogree.
But T should not have noticed these plants, had it not hean
for the following cases given by Dr. Hildebrand :%—

Primula sinensis is a reciprocally dimorphic species: Dr. Hildebrand
fortilised twenty-eight flowers of both forms, each by pollen of the other
form, and obtained the full number of eapsules containing on an averago
427 seed per capsule; here we have completo and normal fortility, He
then fortilised forty-two flowers of both forms with pollen of the same
form, but taken from a distinet plant, and all produced capsules. con-
taining on an average only 196 seed. Lastly, and here we come to our
more immediate point, he fertilised forty-cight flowers of both forms with
pollen of the same form, taken from the same flower, and now he obtained
only thirty-two capsules, and these contained on an average 186 seed,

one less per capsule than in the former case. So that, with these
illegitimate unions, the act of impregnation is loss assured, and he fertlity
slightly less, when the pollen and ovules belong to the same flower, than
when belonging to two distinct individuals of the sume form. ~Dr. Hilde-
brand has recently made analogous experiments on the long-styled form
of aalis rosea, with the same result.®

It has recently been discovered that certain plants, whilst
growing in their native country under natural conditions, cannot
be fertilised with pollen from the same plant. They are some-
times so utterly self-impotent, that, though they can readily
be fertilised by the pollen of a distinet species or even distinct
genus, yet, wonderful as the fact is, thoy never produce a single
seed by theit own pollen. Tn some cases, moreover, the plant’s
own pollen and stigma mutually act on each other in a dele-
terious manner. Most of the facts to be given relate to Orchids,
but T will commence with u plant helonging to & widely dit
ferent family.

Sixty-three flowers of Corydalis cava, borne on distinct plants, were
fertilised by Dr. Hildebrand ' with pollen from other plants of the same
specics; and fifty-eight capsules were obtained, including on an average

® ¢Botanische Zeitung,’ Jan. 1864,  Berlin, 1806, s. 572.
© International Hort. Congross,

53
® ¢ Monatshericht Akad. Wissen,  London, 1866.
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45 seed in each. He then fertilised sixteen flowers produced by the
same raceme, one with another, but obtained only three capsules, one of

hich alone contained any good seeds, namely, two in mumber. Lastly,
ho frtlised. fwenty-soven flowers, cach. with 1ts own pollen; he laft also
ifty-seven flowers to be spontancously fertilised, and this would certainly
have ensued if it had been possible, for the anthers not ouly touch tho
stigma, but the pollen-tubes were seen by Dr. Hildebrand to penetrate it ;
nevertheless these eighty-four flowers did mot produce a single seed-
capsule! This whole caso s highly instructive, as it shows how widely
different the action of the same pollen is, according as it is placed on the
stigma of the same flower, or on that of another flower on the same raceme,
or on that of a distinet plant

With exotic Orchids sevem! analogous cases have been observed, chicfly

Lz 7

SIEEREEE A i

f impregnation, for they were readily fertilised by the pollen of 0. divari-
catum; nevertheless, between one and two hundred flowers fertilised by
their own pollen did not produce a single capsule, though the stigmas
were penctrated by tho pollen-tubes. M. Robinson Munro, of the Royal
Botanic Gardens of Edinburgh, also informs me (1864) that a hundred
and_ twenty flowers of this same_ species wero fortilised by him with
their own pollen, and did not produce a capsule, but eight flowers forti-
Tised by the pollen of 0. divaricatum produced four fine capsules : again,
between two and three hundred flowers of 0. divaricatum, fertilised by
their own pollen, did not set a capsule, but twelve flowers fertilised by 0.
flezuosum produced eight fine capsules : 5o that hero we have three utterly

with their maloand perfoct, as shown by

their mutual fertilisation. In theso cases fortilisation was effocted only
by the aid of a distinet species. But, as wo shall presently see, distinct
‘plants, raised from seed, of Oncidium flecuosum, and probably of the other
species, would have been perfectly capable of fertilising each other, for this
i the natural process. Again, Mr. Scott found that the pollen of a plant
of 0. microchilum was good, for with it he fertilised two distinet species ;
ho found s ovules good, for they could be fertilised by the pollen of one
of these species, and by the pollen of a distinct plant of 0. microchilum ;
ot they could ot be fertilised by pollen of the same plant, though tho
pollen-tubes penctruted the sigma. - An analogous caso has bocn recorded
by M. Riviére, with two plantsof 0. Cavendishianum, which were both sclf-
mmu, 4 reciprocally fertilised each other. All these cases refer to the
genus Oncidium, but Mr. Scott found that Mariliaria atro-rubens was
“totally insusceptible of fertilisation with its own pollen,” but fortiliscd,
and was fertilised by, a widely distinct species, viz. M. spualens.

As theso orchids had grown under wunatural conditions, in ot

‘P Dot S of Bliaburgh, Dok, 180, p. 102
Mo, 1000 ettty B Prof. Lecoq, * De I Fécondation,
s e 2t e 168 78
* Journal of Proc. o Linn. Soe. vol.vi
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houses, T concluded without besitation that their self-sterility was dus to
this canse. But Fritz Miller informs me that at Desterro, in Brazil, by
fertilised above one hundred flowers of the above-mentioned Oneiiuy
Jlezuosum, which is thero endemic, with its own pollen, and with that
taken from distinet plants; all the former were sterile, whilst those for.
tilised by pollen from any ofher plant of the same &pecies were fertilo,
During the first three days there was no difference in the action of the tyo
kinds of pollen: that placed on the stigma of the samo plant separated i
the usual manner into grains, and emitted tubes which penctrated the
column, and tho stigmatic chamber shut itsclf; but the flowers alons
‘which had been fertilised by pollen taken from a distinet plant produced
seed-capsules. - On a subsequent occasion these experiments wero repeated
on a large scale with the same result. Fritz Miller found that four other
endemic species of Oncidium were in like manner utterly sterilo with their
own pollen, but fertile with that from any other plant: some of them
likewise produced seed-capsules when impregnated with pollen of widely
distinet genera, such as Loptotes, Cyrtopodinm, and Rodriguezia!  Onci-
dinm crispum, however, differs from the foregoing specics in varying mch
in its self-sterility; somo plants producing fine pods with their own pollen,
others failing to do so; in two or three instances, Fritz Miller observed
that the pods produced by pollen taken from a distinct Sower on the sme
plant, were larger than those produced by the flower’s own pollen. Tn
Lpidendrum cinnabarinum, an orchid belonging to another division of thy
family, fine pods were produced by the plant’s own pollen, but they eon-
tained by weight only about half as much sced as the capsules which had
been fertilized by pollen from a distinet plant, and in one fnstance from
4 distinet, species; moreover, a very largo proportion, and. in somo cases
nearly all the seed produced by the plant’s own pollen, was embryon-
less and worthless. Some self-fertilized capsules of a Maxillaria were ina
similar state.

Another observation made by Fritz Miuller is highly remarkable,
namely, that with various orchids the plant’s own pollen not only fils

impregnate the flower, but acts on the stigma, and is acted on, in an
injurious or poisonous manner. This is shown by the surfuce of the
stigma in contact with the pollen, and by the pollen itself, becoming in
from three o five days dark brown, and then decaying. The discoloura-
tion and decay are not caused by parasitic cryptogams, which were
observed by Fritz Miiller in only a single instance. Thes changes are
well shown by placing on the same stigma, at the same time, the plnt
own pollen and that from a distinct plant of the same spocies, or of
aother species, or even of another and widely remote genus. Thus, on
the stigma of Oncidium flesuosum, the plant’s own pollen and that from &
distinet plant were placed side by side, and in five days' time tho latter Was
perfectly fresh, whilst the plant’s own pollen was brown. On the other
hand, when the pollen of a distinct plant of the Oucidium fiezuosim
and of the Epidendrum zcbra (nov. spec.?), were placod fogether on the
same stigma, they behaved in exactly the same manner, the grains
separating, emitting tubes, and penetrating the stigma, so that the &0
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pollen-masses, after an interval of eleven days, could mot be distin-
guished except by the difference of mm caudicles, which, of course,
undergo no change. Fritz Miller has, moreover, made a large mumbor
of crosses hotween orchids belonging to *Gisinat species and genera,
and ho finds that in all cases when the flowers are not fertilised their
footstalks first bogin to wither; and the withering slowly spreads upwards
until the germens full off, after an interval of ono or two weeks, and in
one instanco of between six and seven weeks; but even in this latter case,
and in most other cases, the pollen and stigma remained in appearanco
fresh. Occasionally, hnwuwr, the pollen. becomes brownish, generally on
the extornal surfce, and not in contact with the stigma, as is invariably
the case when the plant’s own pollen is applied.

Fritz Miller observed the poisonous action of the plant’s own pollen
in the above-mentioned Oncidium flezcuosum, 0. unicorne, pubes (7), and in
w0 other unnamed species.  Also in two species of Rodriguezia, in two of
Notylia, in one of Burlingtonia, and of a fourth genus in the same group.
Tn all theso cases, except the last, it was proved that the flowers were,
as might hm been expected, fertile with pollen from a distinct plant
of the sume species. Numerous flowers of one species of Notylia were
farined it pollen from the same racemo; in two days’ time they
all withered, the gormens began to shrink, the pollen-masses became dark
brown, and not one pollen-grain emitted a tube, So that in this focsid
jurious action of the plant’s own pollen is more rapid than with
jum jflezuosum.  Fight other flowers on the same raceme were

‘numberless pollen-tubes; and the germens of the ofher six flowers became
well developed. On a subsequent oceasion many other flowers wero
fertilized with their own pollen, and all fell off dead in & fow days; whilst
some flowers on the sumo raceme which had beon left simply unfertilised
adhered and long remained fresh. We have seen that in cross-unions
Detaveen extremely distinet orchids the pollen long remains undecayed ;
but Notylia behaved in this respect differently; for when its pollen was
placed onthe stigma of Oncidium flezuosum, both the stigma and pollen
auickly became dark brown, in the same manner as if the plant’s own
pollen had been applicd.

Fritz Miller suggests that, as in all these cases the plant’s own pollen is
not only impotent; (thus effectually pxevcmin;: solf-fertilization), but like-
‘wise provents, as was ascertained in the caso of the Notylia and Oncidium
Jeauawum, 1he sction of smbsouently appliod pollen from & disinet
individual, it would be an advantage to the plant to have its own pollen
rendered moro and more deleferious; for the germens would thus quickly
e Killed, and, dropping off, there would bo no further waste in nourishing +
o part which ultimately could be of no avail. Fritz Miller’s discovery
that a plant’s own pollen and sligma in some cases act on each other as
if mutually poisonous, is certainly most remarkable.

We now come to cases closely analogous with those just
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given, but different, inasmuch as individual plants alone of the
species aro self-impotent. This self-impotence does not. depend
on the pollen or ovules being in o state unfit for fertilisation,
for both have been found effective in union with other plants
of the same or of a distinct species. The fact of theso plants
having spontancously acquired so peculiar a constitution, that
they can be fertilised more readily by the pollen of a distinet
species than by their own, is remarkable. These abnormal
cases, as well as tho foregoing normal cases, in which certain
orchids, for instance, can be much more easily fortilised by the
pollen of a distinct species than by their own, are exactly the
Teverse of what oceurs with all ordinary species. For in these
latter tho two sexual elements of the same individual plan
are capable of frecly acting on each other; but are so con-
stituted that they are more or less impotent when brought info
union with tho sexual clements of a distinct specics, and produco
more or less sterile hybrids. Tt would appear that the pollen
or ovules, or both, of the individual plants which are in this
abnormal state, have been affected in some strange mamer by
the conditions to which they themselves or their parents havo
been exposed; but whilst thus rendered self-sterile, they have
retained the capacity common to most species of partially
fertilizing and being partially fertilized by allied forms, How-
ever this may be, the subject, to a certain extent, is related
10 our general conclusion that good is derived from the act of
crossing.

Giirtner experimented on two plants of Labelia fulgens, brought from
soparato places, and found® that their pollen was good, for he fertlised
with it L. cardinalis and syphilitica ; their ovules were likewise good, for
they were fertilised by the pollen of these same two species; but these
o plants of L. fulgens could not be fertilised by their own pollen, as can
generally o effeeted with perfect ease with this species. ~ Again, the pollen
of a plant of Verbascum nigrum grown in a pot was found by Girtner®
capable of fortilising V. ychmitis and V. Austriacum ; tho ovules conld
be fortilisod by the pollen of V. thapsus; but the flowers could nof bo

" fertilised by their own pollen. Kolreuter, also gives the case of three

# ¢ Bustarderscugung, s, 64, 357. 6 Tdem, 5. 337.
 Zweite Fortsetaung, . 10; Dritte Fort,’ s, 40.
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garden plants of Verbascum. pheeniceum, which hore during two years many
flowers ; theso ho successfully fertilised by he pollen of 1o less than four
disinct specis, b they profuced not . sl with heir ovn appareily
good pollen; subsequently these samo plants, and others raised from
seed, assumed a strangely ﬁnut\lalmg mnd.\hon, being temporarily sterile
on_the malo or fomale side, or on both sides, and sometimes fortile on
both sides; but two of the plants were perfectly fertile throughout tho

summer.

Tt appears that certain flowers on certain plants of Lilium candidum
can e fertilised more easily by pollen from a distinet individnal than by
their own. S0, again, with the varieties of the potato. Tinzmann, who
made many trials with this plant, says that pollen from another variety

sometimes “ exerts  powerful influence, and T have found sorts of potatoes
il nte e e s
“own flowers, would bear it when impregnated with other pollen” It
does not, however, appear to have been proved that the pollen which fuiled
10 act on the flower’s own stigma was in itself good.

Tn the genus Passiflora it s long been known that several spccxcs o
ot produce fruit, unless fertilised by pollen taken from distinct species:
thus, Mr. Mowbray* found that he could not get fruit from 1‘ alata and
sacemosa_except by reciprocally fertilising them with each other's pollen.
Similar facts have been observed in Germany and France;™ and I have
received two authentic accounts of P. guadrangularis, which never pro-
duced fruit withy its own. pollen, but would do so frecly when fertilised in
one case with the pollen of P. carulea, and in another case with that of
P. edulis. 8o again, with respect to P. laurifolia, a cultivator of much
experience has recently remarked™ that tho flowers “must bo fertilised
with the pollen of P. carulea, or of some other common kind, as their own
pollen will not fertilise them.” But the fullest details on this subject have
Dbeen given by Mr. Scott:™ plants of Passiflora racemosa, corulea, and
alata flowered profusely during many years in the Botanic Gardens of
Fdinbnrgh, and, though repeatedly fortilised by Mr. Seott and by others
with their own pollen, never produced any seed ; yet this occurred at once
with all threo species when they were crossed fogether in various ways.
But in the case of P. corulea, three plants, two of which grew in the

Gardens, were all rendered fertile, merely by impregnating the ono
with pollen of the other. The same result was attained in the same
‘manner with P. alata, but only with one plant out of three. As so man:
self-sterile species have been mentioned, it ‘may be stated that in the case
of . gracilis, which is an annual, the flowers are noarly as fertilo with their
own pollen as with that from a distinet plant; thus sixteen flowers sponta-

o Duvemoy, quted by Gcner, “De I Fécondation,

 Bastarderzeugung, s. 1545, » e Grtnor, * Bustardorzoug-
O G G 1846, . ung,’s. 04

183, '+ Gardener's Obron.,” 1866, p. 1068,
© Transoct. Hort, Soo,' VoL vii, 7 Journal of Froe, of L, Soo
1830, p. 95. vol. vii, 1864, p. 1168.
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neously self-fertilised produced fruit, each containing on an remgo 213
seed, Wh]lsc fruit from fourteen crossed flowers contained 241 see
urning to - alata, T have reccived (1866) some mwmslmg details
from. m: Robinson Munro. Three plants, including one in England, have
already been mentioned which were inveterately self-sterile, and Mr. Munro
informs mo of several others which, after zcpeated trials during many
years, have been found in the sume predicament. At some other places,
Towever, this species fruits readily when fortilised with its own pollen,
At Taymouth Castle thero is a plant which was formerly grafted by M,
Donaldson on a distinct_species, name unknown, and ever sinco the
oporation it s produced fruit in abundance by its own pollen; so that
small and unnatural change in the state of this plant has restored its
self-fortility! Some of the seedlings from the Taymouth Castle plant were
found to be not only sterile with their own pollen, but with each other’s
pollen, and with the pollen of distinct species. Pollen from the Taymouth
plant failed to fertilise certain plants of the same species, but was successful
on one plant in the Edinburgh Botanic Gardens.  Seedlings wero raised from
this latter union, and some of their flowers were fertilised by Mr. Munro
with their own pollen; but they were found to bo as self-impotent as th
mother-plant had always proved, except when fertilised by the grafted
Taymouth plant, and except, as we shall see, when fertilised by her own
seedlings. For Mr. Munro fertilised eighteen flowers on the self-impotent
‘mother-plant with pollen from these her own self-impotent seedlings, and
obtained, remarkable as the fact is, eighteen fine capsules full of excellent
seed! T have met with no case in regard to plants which shows & well
as this of 2. alata, on what small and mysterious causes complete fertility
or complete sterility depends.

The facts hitherto given relate to the much-lessened or com-
pletely destroyed fertility of pure species when impregnated
with their own pollen, in comparison with their fertility when
impregnated by distinct individuals or distinct species; but
closely amalogous facts have been observed with hybrids.

Herbert states™ that having in flower at the same time nine hybrid Hip-
trums, of complicated origin, descended from several species, he found
that “almost every flower touched with pollen from another cross produced
“seed abundantly, and those which were touched with their own pollen
“ cither failed entirely, or formed slowly a pod of inferior size, with fewer
“seeds” In the ‘Hortioultural Journal” he adds that, * the admission of
“the pollen of another cross-bred Hippeastrum (however complicated the
“ cross) to any one flower of the number, is almost sure to check the fruc-
“ tification of the others” In a lotter written to me in 1839, Dr. Herbert
says that he had already tried these experiments during five consecutive
years,and he subsequently repeated them, with the same invariablo result.

7 ¢ Amaryllidacew,’ 1837, p. 371; * Journal of Hort, Soc.,’ vol. i, 1847, p. 19
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T was thus led to make an analogous trial on a pure species, namely, on the
Hippeastrum alicum, which he had lately imported from Brazil : this bulb
produced four flowers, three of which wero fertilised by their own pollen,
‘and the fourth by the pollen of a triple cross between H. bullulosum, regina,
and vittatum ; the result was, that “ the ovaries of the three first flowers
“soon o grow, and after a fow days perished entirely : whereas tho

d impregnated by the hybrid made vigorous and rapid progross to
«maturity, and bore good seed, which vegetated freely.” This is, indeed,
as Herbert remarks, “a strange truth,” but not so strange as it then
appeared.

As a confirmation of these statements, T may add that Mr. M. Mayes,”
after much experience in crossing the species of Amaryllis (Hippeastrum),
says, “ neither the species nor the hybrids will, we are well aware, produce
seed so abundantly from their own pollen as from that of others.” ),
again, Mr. Bidwell, in New South Wales, assorts that Amaryilis belludonna
bears many more seeds when fertilised by the pollon of Brunswigia (Ama-
#ylis of some authors) Joseplkinae or of B. muitiflora, than when fertilised
Dy its own pollen. Mr. Beat four flowers of a Cyrtanthus with
their own pollen, and four with the pollen of Vallota (Amaryllis) purpurea 5
on the soventh day “those which received their own pollen slackened
“their growth, and ultimately perished ; those which were crossed with
“the Vallota held on.”™ These latter cases, however, relate to uncrossed
species, like those beforo given with respoct fo Passiflora, Orchids, &c., and
are here referred to only because the plants belong to the same group of
Amaryllidacere.

he experiments on the hybrid Hippeastrums, if Horbert had found
that the pollen of two or threo kinds alone had been more eficient on
certain kinds than their own pollen, it might have been argued that these,
from their mixed parentage, had o closer mutual affnity than tho othe
but this explanation is inadmissible, for the trials were made mpmcnl.ly
backwards and forwards on nine difforent hybrids; and a cross, whichever
way taken, always proved highly beneficial. T can add a striking and
analogous case from experiments made by the Rev. A. Rawson, of Bromley
Common, with some complex hybrids of Gladiolus. This skilful horti-
culturist posscssed a mumber of Fronch varicties, differing from each other
gl o olouc s of the owers ll desoncle romy Gandavensis,
brid, said to be descended from G. Natalensis by tho
ositiflorus™  Mr. Rawson, after repeated trials, found
ha nono of ths varickion world st seo it hei v polon, thongh

i Loudons «Gorleners Moguaie,
vl i, 1830, 2
"Gardenst Clronic 1850,

.
7 <Journal Hort. oo’ vol. v. p,
135, Tio sellings to isol wers
fven to 1l . but I find, on

inquiry, that they unfortunately dicd
the following winter.
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taken from distinet plants of tho same varicty, which hd, of course, been
propagated by bulbs, but that they all seeded freely with pollen from
any other variety. To give two examples : Ophir did not produce a casule
with its own pollon, but when ferilised with that of Janiro, Brenchleyeuss,
Vuleain, and Linn, it produced. ten fine capsules : but th pollen of Ophiy
wvas good, for when Linné was fertilised by it soven capsules wers
produced.” This latter varioty, on the other hand, was utterly barren with
its own pollen, which we have seen was perfoetly offcient on Ophir,
Altogether, Mr. Rawson, in the year 1861, fortilised twenty-six flowers

by four varietios with pollen taken from other varieties, and every
singlo flower produced a fine sced-capsule; whercas fty-two flowens
on the same plants, fertilised at the same timo with their own pollen,
did not yield a single seed-capsule.  Mr. Rawson fertilised, in some cases,
the alternate flowers, and in other cases all those down one side of the
spike, with pollen of other varietics, and the remaining flovers with their
own pollen; I saw theso plants when tho capsules were noarly mature,
and their curious arrangement at once brought fall conviction to the
mind that an immense advantage had boen derived from crossing theso
Dybrids.

Lastly, T have heard from Dr. . Bornot, of Antibes, who has mado
numerous experiments in erossing the species of Cistus, but has not
yet published the results, that, when any of these hybrids are fertil,

ey may bo said to be, in regard to fanction, diccious; “for the flowers
“are always sterile when the pistil is fortilised by pollen taken from the
«same flower or from flowers on the samo plant. But they are often fertilo
«if pollen be employed from a distinet individual of the same hybrid
“ature, or from a hybrid mado by & reciprocal cross.”

Conelusion.—The facts just given, which show that certain
plants are self-sterile, although both sexual elements are in a
fit state for reproduction when united with distinet individuals
of the same or other species, appear at first sight opposed to all
analogy. The sexual elements of the same flower have become,
as already remarked, differentiated in relation to each ofher,
almost like those of two distinct specios.

With respect to the species which, whilst living under their
natural conditions, have their reproductive organs in this peeuliar
state, we may conclude that it has been naturally acquired for
the sake of effectually preventing self-fertilisation. The case s
closely analogous with dimorphic and trimorphic plants, which
can_ be fully fertilised only by plants belonging to the opposite
form, and not, as in the foregoing cases, indifferently by any
other plant. Some of these dimorphic plants are completely
sterile with pollen taken from the same plant or from the same
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form, Tt is interesting to observe the graduated serics from
plants which, when fertilised by their own pollen, yicld the full
number of seed, but with the seedlings a little dwarfed in
stature—to plants which when self-fertilised yield few seeds—to
those which yield none—and, lastly, to those in which the
plant’s own pollen and stigma act on each other like poison.
This peculiar state of tho reproductive organs, when occurring
in certain individuals alone, is evidently abnormal; and as it
chiefly affects exotic plants, or indigenons plants cultivated in
pots, we may attribute it to some change in the conditions of
life, acting on the plants themselves or on their parents. The
self-impotent Passiflora_alata, which recovered its self-fertility
after having been grafted on a distinet stock, shows how smail
a change is sufficient to act powerfully on the reproductive
system. The possibility of a plant becoming under culture self-
impotent is interesting as throwing light on the occurrence of
this same condition in natural species. ~ A cultivated plant in
this state generally remains so during its whole life ; and from
this fact we may infer that the state s probably congenital.

Kilreuter, however, has described some plants of Verbaseum
which varied in this respect even during the same season. As
in all the normal cases, and in many, probably in most, of the
abnormal cases, any two self-mpotent plants can reciprocally
fertilize each other, we may infer that a very slight difference
in the nature of their sexual elements suffices to give fertility ;
but in other instances, as with some Passifloras and the
hybrid Gladioli, a greater degree of differentiation appears
to be necessary, for with these plants fertility is gained
only by the union of distinct species, or of hybrids of distinct
parentage. These facts all point to the same general conclusion,
namely, that good is derived from a cross between individuals,
which either innately, or from exposure to dissimilar conditions,
have come to differ in sexual constitution.

Exotic animals confined in menageries are sometimes in
nearly the same state as the above-described self-impotent
plants; for, as we shall see in the following chapter, certain
monkeys, the larger carnivora, several finches, geese, and phea-
sants, cross together, quite as frecly as, or even more freely than,
the individuals of the same species breed together. Cases will,

Darwin Online: By permission of the Trustees of the MNatursl History Museun (London)



142 GOOD FROM CROSSING. Caa. XV,

also, be given of sexual incompatibility between certain male
and female domesticated animals, which, nevertheless, are fertile
when matched with any other individual of the same kind.

In the early part of this chapter it was shown that the
crossing of distinet forms, whether closely or distantly allied,
gives increased size and constitutional vigour, and, except in
tho case of crossed species, increased fertility, to the offspring,
The evidence rests on the universal testimony of breeders (for
it should be observed that I am not here speaking of the evil
results of close interbreeding), and is practically exemplified in
the higher value of cross-bred animals for immediate consump-
tion. The good results of crossing have also been demon-
strated, in the case of some animals and of numerous. plants,
by actual weight and measurement. ~ Although animals of pure
blood will obviously be deteriorated by crossing, as far as their
characteristio qualities are concerned, there seems to be no
exception to the rule’ that advantages of the kind just men-
tioned are thus gained, oven when there has not been any
previous close interbreeding. The rule applies to all animals,
oven to cattle and sheep, which can long resist breeding in-and-
in between the nearest blood-relations. It applies to individuals
of the same sub-variety but of distinct families, to varieties or
races, to sub-species, as well as to quite distinct species.

In this latter case, however, whilst size, vigour, precocity,
and hardiness are, with rare exceptions, gained, fertility, in a
greater or less degree, is lost; but the gain cannot be exclu-
sively attributed to the principle of compensation; for there is
no close parallelism between the increased size and vigour of
the offspring and their sterility. Moreover it has been clearly
proved that mongrels which are perfectly fertile gain these
same advantages as well as sterile hybrids.

The evil consequences of long-continued close interbreeding
are not so easily recognised as the good effects from crossing,
for the deterioration is gradual. Nevertheless it is the general
opinion of those who have had most experience, especially with
animals which propagate quickly, that evil does inevitably follow
sooner or later, but at different rates with different animals.
No doubt a false belief may widely prevail like a superstition
yet it is difficult to suppose that so many acute and original
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observers have all been deceived at the expenso of much cost
and trouble. A male animal may sometimes be paired with his
daughter, granddaughter, and so on, even for seven generations,
without any manifest bad result; but the experiment has never
been tried of matching brothers and sisters, which is considered
the closest form of interbreeding, for an equal mumber of gene-
nations. There is good reason to believe that by keeping the
members of the same family in distinct bodies, especially if
exposed to somewhat different conditions of life, and by ocea-
sionally crossing these families, the evil results may be much
diminished, or quite eliminated. These results are loss of con-
stitutional vigour, size, and fertility ; but there is no necessary
deterioration in the general form of the body, or in other good
qualities.  We have seen that with pigs first-rate animals have
been produced after long-continued close interbreeding, though
they had become extremely infertile when paired with their
near relations. The loss of fertility, when it ocours, seems never
to be absolute, but only relative to animals of the same blood ;
so that this sterility is to a certain extent analogous with that
of self-mpotent plants which cannot be fertilised by their own
pollen, but are perfectly fertile with pollen of any other plant
of the same species. The fact of infertility of this peculiar
nature being one of the results of long-continued interbrecding,
shows that interbreeding does not act merely by combining
and augmenting various morbid tendencies common to both
parents; for animals with such tendencies, if not at the time
actually ill, can generally propagate their kind. Although
offspring descended from the nearest blood-relations are ot
necessarily deteriorated in structure, yet some authors™ believe
that they are eminently liable o malformations; and this is
not improbable, as everything which lessens the vital powers
acts in this manner. Instances of this kind have been recorded
in the case of pigs, bloodhounds, and some other animals,
Finally, when we consider the various facts now given which
plainly show that good follows from crossing, and less plainly
mr- This is the conclusion of Prof. 854, some curious evidence on half the

o3, ¢ Du Danger des Mariages Con-  cases of a peculiar form of blindness

sang’ 1862, p. 7. Virchow quotes,  ocourming in tho ofspring from near
in the * Deutscho Johrbicher, 1865, s, relatious
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that evil follows from close interbreeding, and when we bear in
mind that thronghout the whole organic world claborato pro-
vision has been made for the occasional union of distinct indi.
viduals, the existence of  great law of nature is, if not proved,
at least rendored in the highest degreo probable; namely, that
the crossing of animals and plants which are not closely related
to each other is highly beneficial or even necessary, and that
interbreeding prolonged during many generations is highly
injurious. Lo

Darwin Online: Bv permission of the Trustees of the Natural History Museum <lordsnt



Cuap. XVII, GOOD OF CHANGED CONDITIONS. 145

CHAPTER XVIIIL

~  ON THE ADVANTAGES AND DISADVANTAGES OF CHANGED

CONDITIONS OF LIFE: STERILITY FROM VARIOUS CAUSES.

" O THE GOOD DERIVED FROM SUIGHT CHANGES IN THE CONDITIONS OF LIFE—

STERILITY FROM CHANGED CONDITIONS, IN ANDMALS, N THEIR NATIVE COUNTRY
DMENAGERIES — MAMMALS, BIEDS, AND INSECTS — LOSS OF SECONDARY
L cAw OF INSTINCTS —CAUSES OF STERILITY — STERILITY
OF DOMISTICATED ANDIALS FROM CHANGED CONDITIONS— SEXVAL INCOMPATI-
BILITY OF INDIVIDUAL ANINALS — STERILITY OF PLANTS FRON b convr-
mioxs oF or mn 48 A cASE
OF STERILITY — DOUBLE FLOWERS— SKEDLESS FRUIT — STEIILITY FROM THE
XCESSIVE DEVELOPMENT OF THE OKGANS OF VEGETATION — FROM LONG-CONTINUED
PHOPAGATION BY BUDS— INCIPIENT STERILITY THE DRINMARY CAUSE OF DOUBLE
FLOWERS AND SEEDLESS FRUIL.

ax

GED

" On the Good derived from slight Changes in the Conditions of
Life—Ix considering whether any facts were known which
might throw light on the conclusion arrived at in the last
chapter, namely, that benefits ensue from crossing, and that it is
a law of nature that all organic beings should oceasionally cross,
it appeared to mo probable that the good derived from slight
changes in the conditions of life, from being an analogous phe-
nomenon, might serve this purpose. No two individuals, and
still less no two varieties, are absolutely alike in constitution
and structure; and when the germ of ono is fertilised by the
male element of another, we may believe that it is acted on in
a somewhat similar manner as an individual when exposed to
slightly changed conditions. Now, every one must have ob-
served the remarkable influence on convalescents of a change of
residence, and no medical man doubts the truth of this fact.
Small farmers who hold but little land are convinced that their
cattle derive great benefit from a change of pasture. In the
case of plants, the evidence is strong that a great advantage is
derived from exchanging seeds, tubers, bulbs, and cuttings from
oue soil or place to another as different as possible.

VoL 1. L
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The belief that plants are thus benefited, whether or not well founded,
has been firmly maintained from the time of Columella, who wroto shortly
after the Christian era, to the present day; and it now prevai
France, and Germany? A sagacious obsorver, Bradley, writing in 17243
says, “ When we once become Masters of a good Sort of Seed, wo should af
« least put it into Two or Three Hands, whero the Soils and Situations are
« us different as possiblo; and every Year the Parties should chango with
“ ong another; by which Means, I find the Goodness of the Seed will be
“ maintained for several Years. For Want of this Use many Furmers
“ haye failed in their Crops and been great Tosers” Ho then gives his
own practical experience on this head. A modern writer® asserts, “ Nothing

“ can be more clearly established in agriculture than that the continual

“ growth of any one variety in the same district makes it liablo to dete-
“ rioration cither in quality or quantity.” Another writer states that ho
sowed close fogether in the same fleld two lots of wheat-seed, the product
of the samo original stock, one of which had been grown on the same
Jand, and the other at a distance, and the difference in favour of the crop
from the Iatter seed was remarkable. A gentleman in Surrey who has
Tong mado it his business to raise wheat to sell for seed, and who has
constantly realised in the market higher prices than others, assures mo
that m, ﬁnd.u it indispensablo continually to chango his seod; and that for

s two farms differing much in soil and elevation.

"With reepeck to te abers ot the poats, T fnd that ok tia prsets ey
the practice of exchanging sets s almost everywhere followed. The great
growers of potatoes in Lancashire formerly used to get tubers from
Scotland, but they found. that “a change from the moss-lands, and vix
verst, was generally sufficiont.” In former times in France the crop of
potatocs in the Vosges had hecome reduced in the course of fifty or sisty
years in the proportion from 120-150 to 30-40 bushels; and the famous
Oberlin attributed the surprising good which ho efeted n args put 1o
et

A well-known pnwuml gardoner, Mr. Robson,? positively states that he
has himself witnessed decided advantage from obtaining bulbs of the
onion, tubors of the potato, and various soeds, all of the same kind, from
diferet sofls and distant partsof England. Ho further states that with

i For England, see below. For Walker's ‘Pm» Ty of Highend
Germany, see Metzger,  Getreidearten,  Agricult. Soe.
841,5.63. For France, Loiseleur-Des-  Marshall’s ')“YI\IMN of Awncnhul!,
longehamps (‘ Consid. sur les Céreales,” I‘mvemhu

TOALTE R0 et e b5 sl i B it
e s (e e e M
o8 Gl A T Tas “Review of Reports” 1508, p. 205
Pp. 2 5 «Cottage Gardener, 1836, p. 185-
: ‘Acmml'l‘lmhmn[limbnndry For Mr. Robson's subsequent sbie;
cnts, see *Journal of Horticulturs

vol. w
3 G tonitn Chroncloand Aglealt,  Feb. 38,1800, .11, For e sy

Gazette! 1658, p. 247; and for tho  remarks on grofting, &e. idem, U3

second._statement, idem, 1850, p. 702. 1865, p. 44.

On this some subject, ses also Rev. D,
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plants propagated by cuttings, as with the Pelargonium, and especially the
Dahlin, manifest advantage is derived from gotting plants of the sume
varicty, which have been cultivated in another place; or, “ where the
“ extent of the place allows, to take cuttings from one description of soil
“to plant an another, 50 as to afford the change that seems 5o necessary
“to the well-being of the plants” He maintains that after a time an
exchange of this nature is “ forced on the grower, whether Tie be pre-
 pared for it or not.” Similar remarks have been made by another excellent
gardencr, Mr. Fish, namely, that cuttings of the same variety of Cal-
ceolaria, which he obtained from n ncighbour, showed much greater
“vigour than somo of his own that were treated in cxactly the same
« manner,” and he attributed this solely to his own plants having become
“to a certain extent worn ont or tired of their quarters.” Something of
this kind apparently oceurs in grafting and budding fruit-trees; for,
according o Mr. Abbey, grafts or buds generally take on a distinet variety
o even specics, or on a stock proviously grafted, with greater facility than
on stocks raised from sceds of the variety which is to be grafted; and he
believes this eammot be altogether explained by the stocks in question being
better adapted to the soil and climato of the place. It should, however,
be added, that varieties grafted or budded on very distinct kinds, though
they may take more readily and grow at first more vigorously than when
grafted on closely allied stocks, afterwards often bcome unhealthy.

M. Tessier’s carefal ‘and elaborate experiments,? mado
to disprove the eommon belief that good. s derived from a change of sced ;
and Lo certainly shows that the sume seed may with care bo cultivated on
the same farm (it is ot stated whether on exactly the same soil) for ten
conseeutive years without loss. Another excellent observer, Colonel Lo
Conteur,7 has come to the same conclusion; but then he expressly. adds,
if the same seed be used, “ that which is grown on land manured from the
“mixen one year becomes seed for land prepared with lime, and that
“ aguin becomes sced for lnd dressed with ashes, then for land dressed
“with mixed manure, and so on.” But this in efect is a systematio
exchange of seed, within the limits of the samo farm.

On the whole the belief, which has long been held by many
skilful caltivators that good follows from exchanging seed,
tubers, &c., seems to be fairly well founded. Considering the
small size of most seeds, it seems hardly credible that the ad-
vantage thus derived can be due to the seeds obtaining in one
soil some chemical element deficient in the other soil. As
plants after once germinating naturally become fixed to the
same spot, it might have been anticipated that they would
show the good effects of a change more plainly than animals,
which continually wander about; and this apparently s the

& *Mém. do I'Acad. des Seiences, 1790, p. 20.
7 *On the Varieties of Wheat,’ p. 52,
L2
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case. Life depending on, or consisting in, an incessant play of
the most complex forces, it would appear that their action is i
some way stimulated by slight changes in the circumstances ty
swhich each organism is exposed. Al forces throughout nature,
as Mr. Herbert Spencer® remarks, tend towards an equili
Drium, and for the life of each being it is necessary that this
tendency should be checked. If these views and the foregoing
facts can be trusted, they probably throw light, on the one hand,
on the good effects of erossing the breed, for the germ will be
thus slightly modified or acted on by new forces; and on the
other hand, on the evil effects of close interbreeding prolonged
during many generations, during which the germ will be acted
on by a male having almost identically the same constitution.

Sterility from changed Conditions of Life.

T will now attempt to show that animals and plants, when re-
moved from their natural conditions, are often rendered in some
degree infertile or completely barren ; and this occurs even when
the conditions have not been greatly changed. This conelusion
is not necessarily opposed to that at which we have just arrived,
namely, that lesser changes of other kinds are advantageons to
organic beings. Our present subject is of some importance, from
Daving an intimate comnexion with the causes of variability.
Tndirectly it perbaps bears on the sterility of species when
crossed: for as, on the one hand, slight changes in the eonditions
of life are favourable to plants and animals, and the crossing of
varieties adds to the size, vigour, and fertility of their offspring;
50, on the other hand, certain other changes in the conditions
of life cause sterility; and as this likewise ensues from
crossing much-modified forms or species, we have a parallel
and double series of facts, which apparently stand in close reli-
tion to each other.

It is notorious that many animals, though perfectly tamed,

5 Mr. Spencer has fully and ably dis-
cussed this whole subject in his * Prin-

in of
Species 1859, p. 267, T spoke of the
good cifects from slight changes in
the conditions of life and from eross-

Dreeding, and of the evil effcts from
great clanges in tho eoditions sl

some common but unknown boud, VI
is essentially related to the Principle
Tlife,”
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refuse to breed in captivity. Isidorq G_eoﬁmy St. Hilaire®
consequently has drawn a broad distinction between tamed
animals which will not breed under captivity, and truly domes-
ticated animals which breed freely—generally more frecly,
as shown in the sixteenth chapter, than in a state of nature.
1t is possible and generally easy to tame most animals; but
experience has shown that it is difficult to get them to breed
regularly, or even at all. I shall discuss this subject in detail ;
but will give only those cases which seem most illustrative.
My materials are derived from notices scattered through various
works, and especially from a Report, drawn up for me by tho
Kindness of the officers of the Zoological Society of London,
which has especial value, as it records all the cases, during nine,
years from 1838-46, in which the animals were seen to couple

sp wellastl in which they never,
as far as known, coupled. This MS. Report I have corrected
by the annual Reports subsequently published. Many facts are
given on the breeding of the animals in that magnificent work,
“Gleanings from the Menageries of Knowsley Hall, by Dr. Gray.
T made, also, particular inquiries from the experienced keeper
of the birds in the old Surrey Zoological Gardens. I should
premise that a slight change in the treatment of animals some-
times makes a great difference in their fertility; and it is
probable that the results observed in different menageries would
differ. Indeed some animals in our Zoological Gardens have
Decome more productive since the year 1846. Tt is, also, mani-
fest from F. Cuvier's account of the Jardin des Plantes,® that
the animals formerly bred much less freely there than with us;
for instance, in the Duck tribe, which is highly prolific, only one
species had at that period produced young,

The most remarkable cases, Thowever, are afforded by animals kept in
their native country, which, though perfectly tamed, quite healthy, and
allowed some froedom, are absolutely incapablo of brceding. Rengger who
in Paraguay particularly attended {o this subject, specifies six quadrupeds
in this condition; and he mentions two or three others which most rarely

* : Easols do Zoologio Générale,' 1841, 1 «Siugothiere von Paraguay, 1830,
> 5 49, 106, 115, 124, 201, 208, 249, 265,
% Du Rat, * Aunales du Mustum, g7,

1807, tom. ix. p. 120,
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breod. Mr. Dates, in his admimblo work on the Amazons, strongly
insists on similar cases;’ and he remarks, that the fact of thoroughly
tamed native mammals and birds not breeding when kept by the Tndian,
cannot be wholly accounted for by their negligence or indifference, for
the turkey and fowl are kept and bred by various remoto tribes. Ty
almost overy part of the world—for instance, in the interior of Africs,
and in several of the Polynesian islands—the natives are extremely fond
of taming the indigenous quadrupeds and birds; but they rarely o never
suceced in gotting them to breed.

Tho most notorious caso of an animal not breeding in captivity is that
of the elephant. Blephants are kept in large mumbers in their mative
Indian home, live to old age, and aro vigorous enough for the severest
Inbour; yet, with one or two exceptions, they have never been known even
to couple, though both males and femalos have their proper periodical
scasons. Tf, however, we proceed a little eastward to Ava, we hear from
M. Crawfurd* that their « breeding in the domestic state, or at leastin
the half-domestic state in which the female elephants are generally kept,
s of overy-day oecurrence;” and Mr. Crawfurd informs mo that ho believes
that the difference must be attributed solely to the females being allowed
to roam the forests with some degree of freedom. The captive rhinoceros,
o the other hand, sooms from Bishop Hebor's account™* to broed in Indin
far more readily than the elephant. Four wild species of the horse genus
have bred in Europe, though hero exposed to a great chango in their
natural habits of life; but the species have generally been crossed one with
another. Most of the members of the pig family breed readily in our
‘menageries : even the Red River hog (Potamocherus penicitlatus), from the
sweltering plains of West Africa, has bred twico in the Zoological Gardens.
Here also the Peccary (Dicotyles torguatus) hus brod soveral times; but
another specics, the 0. labiutus, though rendered so tame as to be halt-
domesticated, breeds so rarely in its native country of Paraguay, that
according to Rengger* the fact requires confirmation. M. Bates remarks
that the tapir, though often kept tamo in Amazonia by the Tndius,
mever breeds.

Ruminants generally breed quite freely in England, though brought
from widely different climates, as may bo seen in the Anmual Reports of
the Zoological Gardens, and in ings from Lord Derby's menageric.

The Carnivora, with the exception of the Plantigrade division, generally
breed (though with capricious exceptions) almost as freely a8 ruminants.
Many species of Felido have bred in various menageries, although imported.
from various climates and closely confined. Mr. Bartlett, the preseat
superintendent of the Zoological Gardens,* remarks that the lion appears
10 breed more frequently and to bring forth more young at a birth than
any other species of the family. Ho adds that tho tiger has rarely bred;

2 The Naturalist on the Amazons? 1 «Joumnaly'vol. i. p. 213.
1863, vol. i. pp. 99, 193; vol ii. p. 15 ¢Siugethiere, s, 327.
13 % On the Breeding of the’ lorscr
1 Embassy to the Court of Ava, Felidw, * Proc. Zoolog. Soc.’ 186k -
vol. i, p. 384, 140.
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«but there are several well-nuthentieated instances of the femalo tiger
breeding with the lion.” Strange as the fact may appear, many animals
under confinement unite with distinct species and produce hybrids .,u.m
@iy i e s frecly than, with their own species.
inquiring r. Faleoner and others, it appears that the tiger iy
confined in i P breed, thongh it has been known to couple.
The chectah (Felis jubata) has never been known by Mr. Bartlett to breed
in England, butit has bréd at Frankfort; nor does it breed in India, whero
it is kept in largo numbers for hunting; but no pains would be taken
to make them breed, as only those animals which have hunted for them-
selves in a state of naturo are serviceable and worth training.” According
to Rengger, two species of wild cats -in Paraguay, though thoroughly
tamed, have never bred. ~ Although so many of the Felide breed readily
in the Zoological Gardens, yet conception by no means always follows
union: in the nine-year Report, various spocies are specified which were
observed to couple scventy-threo times, and no doubt this must have
passed many times unnoticed; yet from the soventy-three unions only
fifteen Dirths ensued. The Carnivora in the Zoologieal Gardens wero
formerly less frecly cxposed to the air and cold than at present, and this
chango of treatment, as T was assured by the former superintendent, Mr.
Miller, greatly increased their fertility. Mr. Bartlott, and thero cannot be
‘2 more capable judge, says, it is remarkablo that lions breed more frecly
“in travelling collections than in the Zoological Gardens; probably the
« constant excitement and irritation produced by moving from place to
“ place, or chango of air, may have considerable influence in the matter.”
Many members of the Dog family breed readily when confined. Tho
Dholo is ono of the most untameable animals in India, yet a pair kept
there by Dr. Faleoner produced young. Foxes, on the other hand, rarely
breed, and I have never heard of such an occurrence with the European
fox: the silver fox of North America (Canis argentatus), howeser, has bred
several times in the Zoological Gardens. Even the otter has bred there.
Every one knows how readily the semi-domesticated forret broeds, though
shut up in miserably small cages; but other species of Viverra and
Paradoxurus absolutely refuse to breed in the Zoologieal Gardens. Tho
Genetta has bred both hero and in the Jardin des Plantes, and produced
hiybrids. The Zerpestes fasciatus has likowise bred; but I was formerly
assured that tho A. griscus, though many were kept in the Gardens, never

ed.

The Plantigrade Carnivora breed under confinement much less freely,
without our being ablo to assign any reason, than other members of the
group. In the n Report it is stated that tho bears had been
seen in the Zoological Gardens to couple freely, but previously to 1548
had most rarely conceived. In tho Reports published since this date threo
species havo produced young (hybrids in one case), and, wonderful to
rolate, the white Polar bear has produced young. The badger (Meles tazus)
has bred several times in the Gardens; but I have not heard of this

17 Sleeman's  Rumbles in Tndia,’ vol. ii. p. 10,
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oceurring elsewhere in England, and tho ovent must be vry rare, for ay
instaneo in Germany has been thought worth recording® In Paraguay
the native Nasua, though kept in pairs during many years and pertectly
tamed, has never boen known, according to Rengger, to breed or shoy
sexual passion; nor, s T hear from r. Bates, does this animal, o
the Cereoleptes, bred in the region of the Amazons. 'Two ofher plusth
grade genera, Procyon and Gulo, though often kept tame in Paraguay, never
Dreed there. In tho Zoological Gardens species of Nasua and Procgon
have heen scen to couple; but they did not produce young,

As domesticated rabbits, guinea-pigs, and white mico breed so abu-
dantly when closely confined under various climates, it might have been
thought that most other mermbers of the Rodent order would have bred
in captivity, but this is not the ease. Tt deserves notice, s showing
the capacify to breed sometimes goes by affinity, that the one native
rodent of Paraguay, which thero brecds /recly and hus yielded successive .
‘gencrations, is the Cavia aperea; and this animal is so closely allied to the
guinea-pig, that it has been erroncously thought to be the parent-form,

the Zoological Gardens, some rodents have coupled, but have never
produced young; some have neither coupled nor bred; but a fow have
red, as the porcupine moro than ance, the Barbary mouse, lomming, chin-
chilla, and the agouti (Dasyprocta aguti), several times. This lntter animal *
has also produced young in Paraguay, though they were born dead aud
ill-formed ; but inAmazonia, according to Mr. Bates, it never broeds,
though offen kept tame about the houses. Nor does the paca (Clagens
paca) breed there. The common hare when confinod has, T believe, nover
bred in I though, according to a recent statement, it has crossed
‘with the rabbit. T have never heard of th dormouse breeding in confine-
ment. But squirrels ofler a more eurious case: with one excoption, 10
specics has ever bred in the Zoological Gardens, yet as many as fourten
individuals of . palmarum wero kept together during soveral years. The
8. cinerea has been scen to couple, but it did not produce young; nor as
this species, when rendered extremely tame in its native country, Nprth
America, been ever known fo breed.2 At Lord Derby’s menagerio squirtels
of many kinds were kept in numbers, but Mr. Thompson, the superin-
tendent, told me that none had ever bred there, or elsewhere s fur &
Te knew. T have never heard of the English squirrel breeding in con-
finement. But tho species which has bred more than once in the Zoological
Gardens is the one which perhaps might have heen least expeoted, namely,
the fiying squiredl (Seiuropterus volucella): it has, also, bred soveral times

ogmannls ~Arhif fir Notur s now posiively dened, 30 D
Pigeane (Annals ond Mag, of Yok
Hist, vol. xx., 1867, p. 75) afims that
On tho Daro and mbbit havo producs]
el Thd, Geafoy St Hilkiro, Tk, ybride il
Nat. Gén.' =1 «Quadrupeds of North Americs!
* Although the existence of the by Audubon and Bachuman, 1816, P
porides, s described by Dr. By 208,
(¢ Journal do Phys,, tom. il. p. 70),
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near Birmingham; hut tho female never produced more than two young

at & birth, whereas in its native American home she bears from three to six
young!
Mo‘ikew in the nino-year Report from the Zoological Gardens, aro
stated to unite most freely, but during this period, though many indi-
viduals wero kept, there were only soven births. I have heard of ono
Ameriean monkey alone, tho Ouistiti, breeding in Europe® A Macacus,
according to Flourens, bred in Paris; and more than one species of this
genus has produced young in London, especially the Masicus rhesus,
which everywhere shows a special. capacity to breed under confinement.
Hiybrids hare boen produced both i Pari nud Tondon. from this sama
gemus, The Avabian baboon, or Cynoceplalus Jamadryas* and a Cer-
copithocus have bred in the Zoological Gardens, and the latter species
at the Duke of Northumberlnd’s. Several members of tho fmily of

- Lomurs havo produced bybrids o tho Zaologieal Gardens,_ It i much
more remarkable that monkeys very rarely breed when confined in

native country; thus the Cay (Cebus azare) is frequently and comp!utcly

tamed in Paraguay, but Rengger® says that it breeds so rarely, that ho

never saw moro than two females which had produced young. A similar
observation has been made with respect to the monkeys which aro fre-
quently tamed by the aborigines in Brazil® In the region of the

theso animals are so often kept in a tame state, that Mr. Bates
in walking through the strects of Parh counted thirteon. species; but, as
ke asserts, they have never been known to breed in captivity.®

Birds.

‘Birds offer in some respects better evidence than quadrupeds, from their
breeding more rapidly and being kept in greater numbers. We have seen
that carnivorous animals are more fertile under confinement than most
other mammals, The reverse holds good with carnivorous birds. It is
said® that as many as eighteen species have been used in Europe for
hawking, and several others in Persia and India;® they have been kept in
their native conntry in the finest condition, and have \.,m flown during
six, cight, or mine years;® yet there is no record of their having ever
produced young. s these birds were formerly mm(.,ln it young, at
great expense, being imported from Teoland, Norway, and Sweden, there can

Loudon's Mag. of Nat, Hist, vol.
ix,, 1896, p. 571; Audubon and Back
e Quadeupedsof North America,”

Flo\lrena‘Del[nnmct e, 1815,
P8

o Seot Al Regerts Zoolog, Soc
1855, 1638, 1865, 1864 5" ne
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¥

10, 168
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Ey \uugv.tl.u(-lc, e84, 40,

Danwin:Cinlice: By permission of the Tristees of the MNatursl History Museum (London)

* Ak, Brazil, “Penny Cyclop. P

= +The Nntmm on the River
Amagons, vol. i p. 90
= Eneyelop, of Kurl Sports? p.

= Acconding to_Sir
(Cabaol,” &, p. 3 ex,(m lpwlca
are used for Lavking in S

® Loudor's ag.of et Hic vol.
vi, 1883, p. 110.




154 STERILITY FROM G xviy,

o litlo dorih that, if possible, they would have heen propagated. T
Jardin des Plantes, 10 bird of prey has been known o couple’® N hns
vulkure, o owl has over produced forile oggs in the Zoologieal Gardens,
or in the old Surrey Gardens, with the exception, in the former plato o,
ono oceasion, of & condor and a kite (Milvus aiger). Yot soveral spcie
namely, the Aquita fusea, Hulictus leucocephalus, Fulco tinnunsulus, 1 ).
buteo, and Buteo wulyaris, havo been seen to_couple in tho Zeologieal
G Mr. Morris® mentions as a unique fact that a kestrel (Faleo
tinnunculus) bred in an aviary. The one kind of owl which has
known to couple in the Zoological Gardens was the Eagle Owl (Bubo
mazimus); and this specios shows a special inclination to breed i
captivity; for a pair at Arundel Castle, kept more nearly in a stafo of
mature “than ever fell to the lot of an animal deprived of its liberty,”s
actually roarod their young. Mr. Gurney has given another istance of
this same owl breeding in confinement; and he records the case of a second
species of owl, the Striz passeriaa, breoding in captivity.

Of the smaller graminivorous birds, many kinds have been kept tame in
their native countries, and have lived long; yet, as the highest authority
on cage-birds® remarks, their propagation i “ uncommonly diffcult>
The canary-bird shows that there is no inherent difficulty in theso birds
breeding freely in confinement; and Audubon says® that the Fringilla
(Spiza) ciris of North America breeds as perfectly as the canary. The
difflculty with tho many finches which have been kept in confinement is
all the more remarkable as more than a dozen species could be named
‘Wwhich have yielded hybrids with the canary; but hardly any of these, with
the exception of the siskin (Fringilla spinus), have reproduced their own
kind. Even tho bullfinch (Lovia pyrriua) has bred as frequently with
the canary, though belonging to a distinet, genus, as with its own species
With respect to the skylark (Alauda arvensis), T have heard of birds living
for seven years in an aviary, which never produced young; and a great
London bird-fancier assured mo that he had never known an instancs of
their breeding; nevertheless one case has been rocorded® Tn the nine-
year Report from the Zoological Socioty, twenty-four incessorial species
aro enumerated which had not bred, and of these only four were known
to have coupled.

Parrots are singularly long-lived birds; and Humboldt mentions the
curious fact of & parrot in South America, which spoke the language of

Al SRS
* F. Ouvier, *Annal. du Muséum, % + Oithological Blography vol. v
fom. ix. p. 125, 3
 “The Zoologist," vol. is recorded in ¢ The Zoolo-
50, p. 2 1843-45, p. 438, For

v
* Knox, ¢ Omithological Rambles in  the siskin brooding, v 7, 1845-40,
Sussox, p. 91 P. 1075, Beckstein, *Stubeavigel &
<o Zologint vl. 189, speaksof bullfinches making nests,
50, p. 26663 vol. but rarely producing young. |

7.  Yurclls Hise Drtish Birly
* Bechstoin, ‘Naturgosch.der Stuben- 1839, vol. 1, . 412,
vigel, 1840, 5. 20,
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an extinet Tndian tribe, so that this bird preserved the sole relic of a lost
language. Even in this country thoro is reason to believe™ that parrots
have lived fo the ago of nearly one hundred years; yef, though many
Tave been kept in Europe, they broed so rarely that the event has been
thought worth recording in the gravest publications® According to
Bechstein @ the African Puittacus erithucus breeds oftener than any other
spocies: the . macoa occasionally lays fertile eggs, but rarely sncceeds in
hatehing thera; this bixd, however, has tho instinct of incubation some-
times o strongly developed, that it will hateh the eggs of fowls or pigeons.
Tn the Zoological Gardens and in the old Surrey Gardens some few species
have coupled, but, with tho exception of three species of parrakeets, nono
have bred. Tt is  much more remarkable fact that in Guiana parrots of
two kinds, as I am informed by Sir R. Sehomburgk, are often taken from
tho nests by the Indians and reared in large numbers; they aro so tume
that they ly frocly about tho houses, and come when called to be fod, liko
pigoons; 3ot b s movor heard of a sngle nstanco of ther brooding
In Jamaica, o M. R, Hill, # says, «

“ submit to human dependenco than the parrot-tribe, bk 1t iR
« parrot breeding in this tame lifo has been known yet.” Mr. Hill specifies
& number of other nativo birds kept tame in the West Indics, which nover
breed in this state.

The great pigoon family offers a striking contrast with parrots : in the
nine-year Report thirtcen species aro recorded as having bred, and, what is
more noticeable, only two were seen to couple without any result. Since
the above date every annual Report gives many eases of various pigeons
breeding. Tho two magnificent crowned pigeons (Goura eoronata_and
Vedori) peodusi hybeid; aevecialod o e finee species more than
a dozen birds were kept, as T am informed by Mr. Crawfurd, in a park ab
Penang, under a perfoctly well-: nA.meicd climate, but nover once bred. The
Columb migratoria in its native country, North America, invariably lays
£w0 eges, but in Lord Derby’s menagerio nover more than one, The same
fact has boen observed with: the . Zeucocephala.¥

Gallinacoous birds of many genera. likewise show an eminent capacity
for breeding under captivity. This is particularly the case with pheasants
yet our English species seldom lays moro than ton eggs in confinement
whilst from cighteen to twenty is the usual number in the wild state.*
With the Gallinacere, as with all other orders, there aro marked and inex-

 Loudo's Mag. of Not. History;  tho numerous el birdsthat sl
genous to Guiana, none aro found 1o

"o Mondar e Propagate among the Indians; yet the

5142 o casw 6 sommen o Iy el . abundanco

throaghout the cousry”

conded. See also Report Brit, Asoe.  # *A Weck at Port Royal! 1835,

5
s
£
H
-

. 1815, 7.
 + Siubenvigel, s, 105, 83, # Audubon,* American Ormithology,”
& Dr. Hiock, marks ( Charls- vl . po. 552 57
TG R B i Toultey, 7th cdit, p.
D-492), *it is singular fhat, amongst 135
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plicablo excoptions in regard to the fertility of cortain species and gonery
under confinement. Although many trials have made with the
common partridge, it has rarely bred, even when reared in largo aviarios;
and the hen will never hatch her own eggs.® The American tribe of
Guans or Cracidee are tamed with remarkablo easo, but aro very ghy
broeders in this country; ¥ but with care various specios wero formerly
made to breed rather frecly in Holland* Birds of this tribe are oftey
kept in a perfectly tamed condition in their native country by tho Indians,
but they never breed.# It might have been expected that grouse fro
their habits of life would not have bred in captivity, more ‘especially ag
they aro said soon to languish and die But many cases are recorded of
their breeding: the capercailzie (Tetrao urogallus) has bred in the Zoolo-
gical Gardens; it breeds without much difficulty when confined in Norway,
and in Russia five suceessive generations have been reared: Zetruo tetriy
has likewise bred in Norway; 7. Scoticus in Treland; 7. umbellus at Lord
Derby's; and 7. cupido in North America.

It s scarcely possible to imagine a greater chango in habits than fhat
‘which the members of the ostrich family must suffer, when cooped up in
small enclosures under a temperate climate, after freely rouming over desert
and tropical plains or entangled forests. Yot almost all the kinds, evan
the mooruk (Cusuarius Bennettii) from New Ireland, has frequently
produced young i various European menageries. The African
ostrich, though perfectly healthy and living long in the South of France,
nover lays more than from twelve fo fifieen cggs, though in its natis
country it lays from twenty-five to thirty.® Here we have another instanco
of fertility impaired, but not lost, under confinement, as with the fying
squirrel, the hen-pheasant, and two species of American pigeons.

Most Waders can be tamod, as the Rev. E. §. Dixon informs me, with
semarkable facility; but several of them are short-lived under confinement,
#0 that their sterility in this state is not surprising. The cranes breed
more readily than other genera: Girus montigresia has bred several times
in Paris and in the Zoological Gardens, as has G. cinerea at the later
place, and. G. antigone at Caleutta. OF other members of this great order,
Letrapterys paradisea has bred at Knowsley, a Porphyrio in Sicily, and the
Gallinda horopus in the Zoological Gardens. ~ On the other hand, seversl

“ Tomminck, <Tfist. Nat. Gén. des
Pigeons, &., 1813, tom, ii
2; ¢ Annals and Mag. of

vol. Xii, 1843, p. 435, Other specics of

partridge have occasionally bred; as

the red-legged (P.rubra), when kept

in a large court in France (ss * Journal
204, and in

7 Rev. B. S. Dixon, ‘The Dovecote,"
1851, pp. 243-259.

* Temminek, * Hist. Nat.
Pigeons,’ &e, tom,

il pp. 2, 13, 47,

“ Bates, Tho Naturalist_on the
Amazons, vol. &, p. 193; vol. ii. p 112

# Temminl, “Hist. Nat. Gén.’ 8¢,
tom, i . 125. For Tetrao urogalli, 0
“Field Sports of North of

i. pp. 267, 814; and *Bull
Acclimat,’ tom, vi, 1860,
. 600 ¥or 1. Seoticus, Thowpsot
*Nat, Hist, of Treland, vol. i, 1850, .
49, For 7. cupido, “ Boston Joural of
Nat. Hist, vol. il. p. 199

5 Marcel de Serres,* Aunales des Sci
Nat, 2ud series, Zoolog, tom. i P-
175,
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Tirds elonging to this order will not breed in their mative country,
Jamaica; and the Psophia, though often kept by the Indians of Guiany
about their houses,  is seldom or never known to breed.”

No birds breed with such complete facility under confinement as the
‘members of tho great Duck funily; yet, considering their aquatic and
wandering habits, and the nature of their food, this could not have
been anticipated. Even some time ago above two dozen species had
Tred in the Zoological Gardens; and M. Selys-Longehamps has recorded
the production of bybrids from forty-four different members of the family;
and to these Professor Newton has added a fow more cases * There i
not,” says Mr. Dixon,*  in the wide world, a goose which is not in the striet
sense of the word domesticable;” that is, capable of breeding under con-
finement; but tl (slx\(»nlellt is probably too hohl The capacity to breed
Fomotimes varies in
more than eight years some wild geeso (Anser C‘(ma«leoxn) but they would
not mate; whilst other individuals of the s oduced young.
it B el i RS e R S family
of a species which absolutely refuses to breed in captivity, namely, tho
Dendrocygu vilal, alhongh asconling to St . Sehomiurgk® it is

., and is frequently kept by tho Indians of Guiana. Lastly,
e gt ol b S s kopt in tho Zoalogion
Gardens and in the old Surrey Gardens, no instance was known before the
‘year 1848 of their coupling or breeding; but since that period the herring
gull (lm us uvgmlawx) thas bred many times in the Zoological Gardens and
at Knor

RS e e o by confinement liko
the higher animals. Tt is well known that the Sphingidm rarely breed
when thus treated. An entomologist?” in Paris kept twenty-five spocimens
of Saturnia pyri, but did not succeed in getting a single fertilo egz. A
number of females of Orthosia munda and of )Im)fstm suasa reared in

ent were unattractive to the males M. Newport kept nearly
hundred individuals of two species of Vamessa, but not one paired ; this,
however, might have been due to their habit of coupling on the wing.*
M. Atkinson could never succeed in India in making the Tarroo silk-moth
breed in confinement.® It appears that & number of moths, especially

the Sphingidse, when hatched in the antumn out of their proper scason,

* Dr. Hancoek in ¢ Charloswortl's & Ornithological Biography, vol,
Dlag.of Nat, Hist, voL. i, 1858, . 491 ; : srdle
R. Hil

i, A Week ot Porl Bowl p. 6 < Goograph. ournal"vol. xii, 1844,
Gt o the Zological Garlens: by % Saewe
o 1 0,20 M1 12; (ho 1 Loudons Mag.of Nut. Hist, ol
Dr. Gy, v, 1%, p.
810, i - By, Teport At < Zoologist, vols. v.-vi, 1847-48, p.
Soc. of Bengal," May, 1855, 160,
= Prof. Newlon, in ‘Proc. Zoolog,  # fenntet. Eatonclog, S vl
o0 1860, p. 386, iv, 1845,

“Tho’ Dovcoto and Aviry? b, 0 Toumaet Linn. Sos, vol. v I
o5, 40,
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are. completely barren; but this latter case s still involved in som
obscurity.

Tndependently of the fact of many animals under confine.
ment, not coupling o, if they couple, not producing youg,
there is evidence of another kind that their sexual functions
are thus distarbed.  For many cases have been recorded of the
Ioss by male birds when confined of their characteristic plumage,
Thus the common linnet, (Linota cannabing) when caged does
1ot acquire the fine crimson colour on its breast, and one of the
buntings (Emberiza passerina) loses the black on its head. A
Pyrhula and an Oriolus have been observed to asumo fhe
quiet plumage of the hen-bird; and the Faleo albidus retumed
to the dress of an carlier age.” Mr. Thompson, the superin-
tendent of the Knowsley menagerie, informed me that hie had
often observed analogous facts, The homs of a male deer
(Cerous Canadensis) during the voyage from America were
badly developed ; but subsequently in Paris perfect homns were
produced.

When conception takes place under confinement, the young
are often bom dead, or die soon, or are ill-formed.  This
frequently oceurs in the Zoological Gardens, and, according to
Rengger, with native animals confined in Paraguay. The
mother’s milk often fails. We may also attribute to the di-
turbance of the sexual functions the frequent occurrence of
that monstrous instinct which leads the mother to devour her
own offspring,—a mysterious case of porversion, as it at firt
appears.

Sufficient evidence has now been advanced fo prove thit
animals ‘when first confined ave eminently liable to suffer in
their reproductive systems. We feel at first naturally inclined to
attribute the result toloss of health, or at least to loss of vigour;
but this view can hardly be admitted when we reflect hov
healthy, long-lived, and vigorous many animals are nder cap-

@ See an interesting paper by Mr. stein, ¢ Stubenyiigel, & 183
Newman, in the ‘ Zoologist, 1857, p. soph. Transact,’ 1772, p. 27k
5764; and Dr. Walluee, in * Proc. (- Geschichte der Natur, Budi.
Entomolog. Soe.’ June 4th, 1800, p. 5. 96) has collected a number of e
119,

© Yorrell's “British Birds, vol. i, p.  Cyelop,” vol. vi. p. 350.
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tivity, such as parrots, and hawks when used for hawking,
chetahs when used for hunting, and elephants. The reproduc-
tive organs themselves are not diseased ; and the diseases, from
which animals in menageries usually perish, are not those which
in any way affect their fertility. No domestic animal is more
subject to disease than the sheep, yet it is remarkably prolific.
The failure of animals to breed under confinement has been
sometimes attributed exclusively to a failure in their sexual
instinets: this may occasionally come into play, but there is
no_obvious reason why this instinet should be especially liable
to be affected with perfectly tamed animals, excépt indeed in-
directly through the reproductive system itself being disturbed.
Moreover, numerous cases have been given of various animals
which couple freely under confinement, but never conceive ; or,
e and produce young, these are fewer in number
than i natural to the species. In the vegetable kingdom
instinet of course can play no part; and we shall presently see
that plants when removed from their natural conditions are
aflected in nearly the same manner as animals. Change of
imate cannot be the cause of the loss of fertility, for, whilst
animals imported into Furope from extremely different
climates breed freely, many others when confined in their
native land are completely sterile. Change of food cannot be
the chief cause; for ostriches, ducks, and many other animals,
which must have undergone a great change in this respect,
breed froely. Carnivorous birds when confined are extremely
sterile; whilst most carnivorous mammals, except plantigrades,
are moderately fertile. Nor can the amount of food b the
cause; for a sufficient supply will certainly be given fo valuable
animals; and there is no reason to suppose that much more
food would be given to them, than to our choice domestic
productions which retain their fall fertility. Lastly, we may
infer from the case of the elephant, chetah, various hawks, and
of many animals which are allowed to lead an almost free life
in their native land, that want of exercise is not the sole
canse,

1t would appear that any change in the habits of life, what-
ever theso habits may be, if great enough, tends to affect, in
an inexplicable manner the powers of reproduction. The resnlt
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depends more on the constitution of the species than on the
nature of the change; for certain whole groups are afectod
more than others; but exceptions always occur, for some species
in the most fertilo groups refuse to breed, and some in the most
sterile groups breed frecly. Those animals which usually breed
freely under confinement, rarely breed, as T was assured, in the
Zoological Gardens, within a year or two after their first import.
ation. When an aniial which is generally sterile under con.
finement happens to breed, the young apparently do not inherit
this power; for had this been the case, varions quadrupeds and
birds, which®are valuable for exhibition, would have become
common. Dr. Broca even affirms® that many animals in the
Jardin des Plantes, after having produced young for three or
four successive generations, become sterile ; but this may be the
result of too close interbreeding. Tt is a remarkable circom-
stance that many mammals and birds have produced hybrids
under confinement quite as readily as, or even more readily
than, they bave procreated their own kind. Of this fact many
instances have been given ;% and we are thus reminded of thoso
plants which when cultivated refuse to be fertilised by their own
pollen, but can casily be fertilised by that of a distinet species.
Finally, we must conclude, limited as the conclusion is, that
changed conditions of life have an especial power of acting
injuriously on the reproductive system. The whole case is
quite peculiar, for these organs, though not diseased, are thus
rendered incapable of performing their proper functions, or per
form them imperfectly.

Sterility of Domesticated Animals from changed conditions.—With respect
to domesticated animals, as their domestication mainly depends on o
aceident of their breeding freely under captivity, we ought not to expect
that their reproductive system would be affected by any moderato degree
of change. Those orders of quadrupeds and birds, of which the il
species breed most readily in our menageries, have afforded us tho greatest
‘number of domesticated productions, Savages in most parts of the warid
are fond of taming animals;® and if any of theso regularly produced

& Numerous instancescould be gire
. 8 Thus Livingstone (‘Travels, p- 210
@ For additional evidence on this  sates that the King of the Dol
subject, seo F. Cuvier, in Annales du  an inland tribe which never bad &%
Muséum,’ tom. xii. p. 119, communication with white men, ¥

@ < Journal de Physiologie,” tom.
847,
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young, and were at the same time useful, they would be at once domesti-
cated. If, when their masters migrated into other countries, they were in
addition found capable of withstanding various climates, they would bo
still more valuable; and it appears that the animals which breed

in captivity can generally withstand different climates. Some few domes-
ticated animals, such as the reindeer and camel, offer an exception to this
rule. Many of our domesticated animals can bear with undiminished
fertility the most unnatural conditions; for instance, rabbits, guinea-pigs,
and forrets breed in miserably confined hutches. Few European dogs
of any kind withstand without degencration the climate of India; but
as long as they survive, they retain, as I hear from Dr. Falconer, their
fentlity; s0 3t is, according to Dr. Daniell, with English dogs taken to
Sierra Leone. The fowl, a native of the hot jungles of India, becomes
more fertile than its parent-stock in every quarter of the world, until we
advance as far north as Greenland and Northern Siberia, where this bird
will not breed. Both fowls and pigeons, which I received during the
autumn direet from Sierra Leone, were at once ready o couple® T have,
also, seen pigeons breeding as frecly as the common kinds within a year
after their importation from the Upper Nile. The guinea-fowl, an abori-
ginal of the hot and dry deserts of Africa, whilst Living under our damp
and cool climate, produces a large supply of eggs.

Nevertheless, our domesticated animals under new conditions ocea-
sionally show signs of lessened fertility. Roulin asserts that in the hot
valleys of the equatorial Cordillera shoep are not fully fecund; ™ and
according to Lord Somerville,* the merino-sheep which he imported from
Spain were not at first perfectly fertile, Tt is said ® that mares brought
up on dry food in the stable, and turned out to grass, do not at first breed.
The_ peahen, as we have seen, is said not to lay s0 many eggs in England
as in India. It was long before the eanary-bird was fully fertile, and even
now first-rate breeding birds are not common® In the hot and dry pro-
vinee of Delhi, the eggs of the turkey, as I hear from Dr. Faleoner,
though placed under a hen, are extremely liable to fail. According to
Roulin, geese taken within a recent. period to the lofty plateau of Bogota,
at first Jaid seldom, and then only a fow cggs; of these scarcely a fourth
were hatched, and half the young birds died: in the second generation
they were moro fortilo; and when Roulin wrote they were becoming ns

extremely fond. of taming animals, and ses Réaumar, “Art de faire Eclorre,’ &c.,
cvery young antelope was brought to 1749, p. 243; and Col. Sykes, in *Proo,
Dim. Mr. Galton informs me that the  Zoolog. Soc,’ 1832, &e. - With respect
Dumaras aro likewiso fond of keeping o the fowl not breeding in northern
pets. The Indians of South America  regions, seo Latham's * Hist. of Birds,’
ilkes  vol. viii, 1825, p. 169.

7 Mem. par divers Sovans, Acad.
des Sciences,” tom. vi., 1835, p. 347

 Youstt on Sheep, p. 181.

 J. Mills,  Treatise on Cattle; 1776,

 For analogous cases with the fowl,

Stubenvigel, s, 243,
VOL. I n
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fortilo as our geose in Europe. In the Philippine Archipelago the goose,
it is asserted, will not breed or even lay oggsa™ A moro curious case
thatof the fowl, which, according to Roulin, when first introduced would not
Dreed at Cuseo in Bolivia, hut subsequently became quite fertilo; and the
English Gamo fowl, lately introduced, had not as yet arrived at its ful
fortility, for to raiso two or three chickens from a nost of oggs was thought
fortunate. Tn Europe close confinement has a marked effoct on the
fertility of the fow: it has been found in France that with fowls allowed
considerablo freedom only twenty per cent. of the eggs failed; when
allowed less frecdom forty per cent. failed; and in closo confinement sty
out of the hundred were not hatched™ So we sce that unnatural and
changed conditions of life produce some effect on the fortility of our most
thoroughly domesticated animals, in the same manner, though in a fur
Tess degres, as with captive wild animals.

It is by no means rare to find certain males and fomales which will not
Treed together, though both are known to be perfectly fertile with ofher
‘males and fomales. Wo have no Teason to suppose that this is caused by
these animals having been subjected to any change in their habits of lif;
thersfore such casos aro hardly related to our present subject. The canso
apparently lies in an innate sexual incompatibility of the pair which ars
matchod.~ Soveral instances have been communicated to me by Mr. W. C.
Spooner (well known for his essay on Cross-breeding), by Mr. Eyton of
Tyton, by Mr. Wicksted and other breeders, and especially by Mr. Wating
of Chelsfield, in relation to horses, cattle, pigs, foxhounds, other dogs, and
pigeons.™ Tn theso cases, fomales, which either proviously or subsequently
were proved to be fertile, failed to breed with certain males, with whom it
was partioularly desired to match them. A chango in the constitution of
the female may sometimes have occurred before she was put to the second
male; but in other cases this explanation is hardly tenable, for a fomale,
Xnown not to be barren, has been unsuccessfully paired seven or eight
times with the same male likewise known to be perfoctly fertle. With
cart-mares, which sometimes will not breed with stallions of pure bl
Tut subsequently have bred with cart-stallions, Mr. Spooner is inclined 0
attribute the failure to the lesser sexual power of tho race-horse. But I
have heard from the greatest breeder of raco-horses at the present day
through Mr. Waring, that < it frequently occurs with a mare to bo pit
“ several times during one or two seasons to a particular stallion of
“acknowledged power, and yet prove barren; tho mare afterwards
“ breeding at once with some other horse.” Theso facts are worth recorl-
ing, as they show, like so many previous facts, on what slight constiti-
tional differences the fertility of an animal often depends.

7 Crawfurd's ¢ Deseriptive Dict. of ix., 1562, pp. 350, 334, Sl
the Indian Tslands,” 1856, p. or pigeons, see Dr, Chapuis,

72 <Bull. do la Soc. Acclimat,’ tom.  Pigeon Voyagour Belge, 1865, p- 0%
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Cuae, XVIIL CHANGED CONDITIONS, 163

Sterility of Plants from changed. Conditions of Life, and from
other causes.

Tn the vegetable kingdom cases of sterility frequently oceur,
analogous with those previously given in the animal kingdom.
Bat the subject is obscured by several circumstances, presently
to be discussed, namely, the contabescence of the anthers, as
Girtner has named o certain affection—monstrosities—double-
ness of the fl ‘h-enlarged fruit—and long-continued o
excessive propagation by buds.

Tt is notorions that many plants in our gardens and hot-houses, though
preserved in the most perfect health, rarely or never produce seed. Ido
ot allude to plants which run to leaves, from being kept too damp, or too
warm, or foo much manured; for these do not produce the reproductive
individual or flower, and the case may be wholly different. Nor do I
allude to fruit not ripening from want of heat, or rotting from too much
moisture. But many exotic plants, with their ovules and pollen appearing
perfectly sound, will not set y soed. The sterility in many cases, as T
know from my own observation, is simply due to the absence of the
proper insects for carrying the pollen to the stigma. But after excluding
the several eases just specified, there are many plants in which the re-
productive system has been seriously affected by the altered conditions of
life to which they have been subjocted.

It would bo tedious to enter on many defails. Linnwus long ago
observed ™ that Alpine plants, although naturally loaded with seed, pro-
duce either fow or none when cultivated in gardens. But ex tions
often oceur: the Draba syluestris, one of our most thoroughly Alpine
‘plants, multiplies itself by sced in Mr. H. C. Watson's garden, near London
and Kerner, who has particularly attended to the cultivation of Alpine
plants, found that various kinds, when cultivated, spontancously sowed
themselves* Many plants which naturally grow in peat-carth aro entirely
sterile in our gardens. T have noticed the same fact with several liliaceous
plants, which nevertheless grew vigorously.

T00 much mamuro renders somo kinds utterly sterlo, as T have myself
observed. The tendency to_ sterility from this cause runs in fmilies:
thus, aceording to Giirtner,” it is hardly possible to give foo much mantrg
o0 most Gramincee, Crucifers, and Leguminose, whilst suconlent, qnd
bulbous-rooted plants are easily affected. Extreme poverty of soil is less

7t Swedish Acts, vol. i, 1759, p. 5. D, Cameron, also, has wrtten on fho

Pallas makes tho sme remark in his culture of Alping plants in +Gey

‘Travels (Bug. translat), vol i. p. 202, Chronicle,’ 1818, pp. 253, 263, ang

% A. Kemer, * Die Cultur der Alp-  mentions o fow which seed,

copllanzen,” 1864, 5. 139; Watsow's 7+ Beitrigo e Kenntuiss der
Cybele Britaunica,’ vol. . p. 181; Mr.  Befruchtung, 1844, s, 333,
2
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164 STERILITY FROM CHANGED CONDITIONS. Cuxe. XviIT,

apt to induce sterility; but dwarfed plants of Zrifalium minus and repens
growing on a lawn often mown and never manured, did not producy
any seed. The temperature of the soil, and the season at which plants
are waterod, often have a marked effoct on their fertility, s was obsorved
by Klrouter in the case of Mirabilis™ Mr. Scott in the Botanic Gardens
of Edinburgh observed that Oncidium divaricatum would mot sct seed
when grown in a basket in which it throve, but was capable of fertili.
sation in a pot where it was a little damper. Pelargonium fulgidum, for
after its introduction, seeded freely; it then became sterilo;
now it is fertile’® if kept in a dry stove during the winter. Other yarie.
ties of pelargonium are sterile and others fertile without our being able
to assign any cause. Very slight changes in the position of a plan,
‘whether planted on a bank or at its base, sometimes make all the dif-
forenco in its producing seed. ~Temperature apparently has » much moro
powerful influence on the fertility of plants than on that of animals,
Nevertheles wonderful what changes some fow plants will withstand
with undiminished fertility : thus the Zephyranthes candids, a mativo of the
moderately warm banks of the Plata, sows itself in the hot dry country
near Lima, and in Yorkshiro resists tho severest frosts, and T havo seen
scods gathered from pods which had been covered with snow during thres
weeks.™ Berberis Wallichii, from the hot Khasia range in India, is -
injured by our sharpest frosts, and ripens its fruit under onr cool summers,
Nevertheless I presume we must attribute to change of climate the
sterility of manyforeign plants; thus the Persian and Chinese lilacs
(Syringa Persica and Chinensis), thongh porfectly hardy, never hero pro-
duce a seed; the common lilac (3. vudgaris) sceds with us moderately well
Dbut in parts of Germany the capsules never contain seed ™
en in the last chapter, of self-impotent plants,
which are fertile both on the male and female side when united with
distinet individuals or species, might have been here introduced; for as
this peculiar form of sterility generally oceurs with exotie plants o vith
endemie plants cultivated in pots, and as it disappeared in the Passifora
aluta when grafted, we may conclude that in these cases it is tho result of
the treatment to which tho plants or their parents have been expos
The linbility of plants to be affected in their fertility by slightly changed
conditions is the more remarkable, as the pollen when once in process of
formation is not easily injured; a plant may be transplanted, or a branch
with flower-buds be out off and placed in water, and he pollen will be
matured. Pollen, also, when once mature, may be kept for weeks or even
months® The fomale organs are more sensitive, for Gartner® found that
dicotyledonous plants, when carefully removed so that they did 1ot in
the least flag, could seldom be fertilised ; this occurred even with pot

I1703,p. 8L e, 5. 560, 4.

185, pp. 44, S ¢ Gardener's Chronicle,’ 184 P
109, 15; 1850, p. 470. o

™ Dr. Herbert, ‘ Amaryllidacem,’ p.  ® *Beitriige zur Kenntniss, & &
176 252, 983,

® Grtner, * Beitrige zur Kenntoiss,”

7 <Nova Acta Petroy
™ <Cottage Gardencr,
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‘plants if the roots had grown out of the hole at tho bottom. Tn some few
cases, however, as with Digitalis, transplantation did not prevent fertilisa-
tion; and aceording to the testimony of Maws, Brassica rapa, when pulled
up by its roots and placed in water, ripened its seed. Flower-stems of
several monocotyledonous plants when cut off and placed in water likewiso
produce seed. But in these cases T presume that the flowers had heen
already fertilised, for Herbert® found with the Crocus that the plants
might be removed or hutilated after the act of fertilisation, and would
still perfoct their secds; but that, if transplanted before being fortil
the application of pollen was powerless.

Plants which have been long cultivated can generally endure with
undiminished fertility various and great changes; but not in most cases
50 great a change of climate as domesticated animals. Tt is remarkablo
that many plants under these circumstances are so much affceted that the

roportions and the naturo of their chemical ingredients are modified,
et their fertility is unimpaired. Thus, as Dr. Falconer informs me,
there is a great difference in tho character of the fibre in hemp, in the
quantity of oil in the seed of the Linum, in the proportion of narcotin to
morphine in the poppy, in gluten to starch in wheat, when these plants
are cultivated on the plains and on the mountains of India; nevertheless,
‘they all remain fully fertile,

Contabescence.—Girtner has designated by this term & peeuliar condition.
of the anthers in certain plants, in which they are shrivelled, or become
brown and tough, and. contain 1o good pollen. When in this state they
acily resemble the anthers of the most sterilo hybrids. ~Giirtner in his
discussion on this subject, hias shown that plants of many orders are ocea-
sionally thus affected; but the Caryophyliaces and Lilineem suffer most,
and to these orders, T think, the Ericaceio may bo added. Contabescenco
varies in degree, but on the same plant all the flowers are generally
affocted to nearly the same extent. The anthers are affected at a very
carly period in the flower-bud, and remain in the same state (with one
rocorded exception) during the 1ife of the plant. The affection cannot be
cured by any change of treatment, and is propagated by layers, cuttings,
., and perhaps even by soed. In contabescent, plants the femalo organs
aro seldom affeeted, or merely become precocious in their development.
The cause of this affeotion is doubtful, and is different in different cases,
Until I read Giirtner's discussion 1 attributed it, as apparently did Herbert,
to tho wnatural treatment of the plants; but its permunence under
changed conditions, and the female organs not being affected, seem incom-
patible with this view. The fact of several endemic plants becoming
contabescent in our gardens seems, at first sight, equally incompatible
with this view; but Kilrenter belioves that this is the resulf of their trans-
plantation. The contabescent plants of Dianthus and Verbaseum, found
wild by Wiegmann, grew on a dry and sterile bank. Tho fact that exotic

10, 121; “Dritte Fortsctmg, s.
7. Herbert, * Amaryllidaces,’ p. 355,
Wicgmann, *Ucber die Bastarderzen-
gung, 5. 2.

= <Journal of Hort, Soc, vol. il ung,
1847, p. 83

Beitriige zor Kenntuiss' &o., s.
107 ¢t seg.; Kilreuter, *Zeite Fortsetz.
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166 STERILITY. Cuar. Xy,

plants aro ominently liable to this affoction also seems to show that it is
in some manner caused by their unnatural treatment. Tn some instunces,
as with Silene, Giirtner's view seems the most probable, namely, that it jy
caused by an inherent tendency in the species to become diceeions. T cay
ad another eause, namely, the illegitimate unions of reciprocally dimorphio
o trimorphic plants, for T have observed seedlings of thron species of
Primula and of Lythrum salicaria, which had been raised from plants
illogitimately fortilised by their own-form pollen, with somo or all their
anthers in a contabescent state. Thoro is perhaps an additional eauss,
namely, solf-fortilisation; for many plants of Dianthus and Lobelia, whicy
had been raised from self-fortilised soeds, had their anthers in this state;
but those instances are not conclusive, as both genera aro liablo from other
causes to this affection.

Cases of an_opposite nature likewise occur, namely, plants with the
female organs struck with sterility, whilst the male organs remain porfect,
Dianthus Japonicus, o Passiflora, and Nicotiana, havo been deseribed by
Giirtner® as being in this unusual condition.

Monstrosities as a cause of Sterility.—Great deviations of structure, cven
when the reproductive organs themselves are not seriously affeoted, some-
times causo plants to become sterile. But in other cases plants may
Tocome monstrous o an extreme degree and yet retain their full fertiity,
Gallesio, who certainly had great experience,® often attributos steriity to
this cause; but it may be suspected that in some of his cases steriity was
the canse, and not the result, of tho monstrous growths. The curious
§t. Valery apple, although it bears fruit, rarely produces sced. Tho
wonderfully #nomalous flowers of Begonia frigids, formerly doseribed,
though they appear fit for fructification, ave sterile7 Spocies of Pri-
mule, in which the calyx is brightly coloured, are said® to be often
sterile, though T have known them to be fertile. On the other hand,
Verlot gives several cases of proliferons flowers which can be proja-
gated by seed. This was the case with a poppy, which had becomo
monopetalous by the union of its petals® Another extraordinary poppys
with the stamens replaced by numerous small supplomentary capsuls,
Tikewise reproduces itself by seed. This has also oceurred with » plant of
Sazifraga geum, in which a sories of adventitious carpels, bearing ovules
on their margins, had been developed between the stamens and the normal
carpels®®  Lastly, with respect to peloric flowers, which depart wonder-
fully from the natural structure,—those of Linaria vulgaris seem generally
to be more or less sterile, whilst those before described of Antirshinim
majus, when artificially fertilised with their own pollen, are perfectly

s < Bastarderzeugung, s, 356.
% ¢Teoria della Riproduzione, 1816,
aité du Citrus, 1811, p. 67.
o Mr. 0. W. Crocker, in’ *Gard.
Chronicle,” 1861, p. 1092.
 Verlot, ¢ Des Variétiés, 1863, p. 80.
 Verlot, idem, p.
@ Prof. Allman, Brit, Assoe,, quoted

in the «Phytologist, vol. ii. p. 485
Prof, Harvey, on tho autharity of M-
Andrews, who discovered the platy
informed me that this monstrosity ol
be propaguted by sced. Wit respect 0
the poppy, see Prof. Goeppert,as quot
in ¢ Journal of Hortiealture, July 18+
1863, p. 171,
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fertile, though sterile when left to themselyes, for bees are unable o crawl
into the narrow tubular flower. The peloric flowers of Corydalis solida,
according to Godron," are barren ; whilst those of Gloxinia are well known
to yield plenty of seed. In our greenhouse Pelargoniums, the central
flower of the truss is often peloric, and Mr. Masters informs me that
he tried in vain during several years to get seed from these flowers.
Tlikewise made many vain attempts, butsometimes succeeded in fertilising
them with pollen from a normal flower of another variefy; and conversely
1 several times fertilised ordinary flowers with peloric pollen. Only onco
T succeeded in raising a plant from a peloric flower fertilised by pollen
from a peloric flower borne by another variety; but the plant, it may be
added, prosentod nothing particular in its structure. Henee we may con-
clude that no general rule can be laid down; but any great deviation from
the normal structuro, even when the roproductive organs themselves are
not seriously affoeted, certainly often leads to sexual impotence.

Dorle Flowers.—Whon tho stamons aro converted into petals, the plant
becomes o the male side sterile; when both stumens and
thus changed, the plant becomes completely barren. Symmetrical flowers
having numerous stamens and pefals are the most liable to become double,
as perhaps follows from all multiple organs being the most subject to
Vb Bk e far e B
which are asymmetrical in structure, sometimes becomo double, as wo
see with the double gorse or Ulex, Petunis, and Antirrhinum. The

st bear what are called double flowers by the abnormal dovelop-
ment of the corolla of their central florets. Doubleness is sometimes
connected with prolification,” or the continued growth of the axis of the
flower. Doubloness is strongly inherited. No one has produced, as
Lindley remarks,® double flowers by promoting the perfect health of the
plant.~On the contrary, wnnatural conditions of lifo favour their o
tion. There is some reason to believe that seeds kept during many years
believed to be imperfectly fortlised, yield double flowers moro
freely than fresh and perfectly fertilised seed.  Long-continued cultiva-
tion in xich soil seems to be the commonest exciting cause. A double
narcissus and a double Antiermds nobilis, transplanted into very poor soil,
have been observed to become singio;® and I have scen & complotely
double white primrose vendered permanently single by being divided and
transplanted whilst in full flower. It has been observed by L
Morren that doubleness of the flowers and variegation of tho leaves aro
amtagonisti sttes; but o many execptions {0 the rule have lately been
recorded that, though general, it cannot bo looked at as invariable.

o, Comptos. Rondus! Dec. 136, the removal P
1851, . 1050, orth Amunmm
 axdensts Chr 5 and

.\ 1866, p.

o il

= i hooryof ol . 335 v Lmauymmry n(ll»ruculmw
oM. Fucvoatlor in UTnnmot, .3

Hort. Soc,’ Yol 1. p. 406; Boms, Gardener's Chronicle,’ 1865,
guted by T, + Geslichte der b)o 1666, pr. 290, 7503 und Vesloy
Notur; B. n the effcts of  + Des Varidtés, p. 75.
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168 STERILITY FROM THE Cuar, v,
Variegation seems generally to result from a fesblo or atrophiod conditiog
of the plant, and a large proportion of tho scedlings raised from pareny.
Toth of which aro variegated usnally perish at an carly ago; hence w
may perhaps infer that doubleness, which is tho antagonistic state, son.
monly atises from a plethorio condition. On tho other hand, extranly
poor soil_sometimes, though rarely, appears to cause doubleness: |
formerly described” somo completely double, bud-like, flowers prodaged
in largo mumbers by stunted wild plants of Gentiana anarlla growing g

noar o hot spring with double flowers. With espect to the cause of
doublencss, which arises, as we sce, under widely different circumstances,
I shall presently attempt to show that the most probable view is that
ummatural conditions first give a tendency to sterility, and that then, oy
the principle of compensation, as the reproductive organs do not perform
their proper functions, they cither become developed into potals, or addi.
tional pefals are formed. ‘This view has lately boen supported by M.
Laxton, who advances the case of some common peas, which, after mg-
continued heavy rain, flowered a sccond time, and produced double
flowers.

Seedless Frait—Many of our most valuablo fruits, although consisting
in a homological sense of widely different organs, ave cither quito sterile,
or produce extremely few seeds. This s notoriously the case with our
best pears, grapes, and figs, with the pine-apple, banana, bread-fruit,
pomegranate, azarole, date-palms, and some members of the orange-tribe.
Poorer varieties of these same fruits either habitually or occasionally yicld
scod ™ Most hortioulturists look at the great sizo and anomalous deve-
lopment of the fruit as the cause, and sterility as the result; but the
opposite view, as we shall presently see, is more probable.

Sterility from the exeessive development of the Organs of Grouth or Vegelation,
—Plants which from any cause grow too luxuriantly, and produce leaves,
stems, rumners, suckers, tubers, bulbs, &e., in excess, sometimes do 1ot
flower, or if they flower do not yield seod. To make European vegetablos
under the hot climato of India yield seed, it is necessary to chock their :
growth; and, when one-third grown, they are taken up, and their stems and

¢ Gardener's Chronicle, 1843, p.  1816,p.101-110. Meyen(‘ Reisomm Exde;
628. In this article T suggested the Th. ii. s. 214) states that nt Manilla one

following theory on the doubleness of
flowers.

 Quoted by Girtner, * Bastarder-
seugung, s. 567.

#Gardener's Chronicle,” 166, p.
901

® Lindley, ¢ Theory of Horticulture,

75-179; Godron, * De UEspice, tom.

. 106 ; Pickering, * Races of Man
Gallesio, “Teoria della Riproduzione,’

varioty of {he banana s full of seeds;
and Chamisso (Hookers *Bot. Mi

vol. i p. 310) deseribes  varity of tho
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tap-roots are cut or mutilated ™ 80 it is with hybrids; for instanco, Prof.
TLocoq* had three plants of Mirabilis, which, though they grow luxu-
riantly and flowered, were quite sterile; but after beating one with a stick
il few branches alone wero left, these at once yielded good seed. The
5 e, which grows vigorously and produces a large supply of suc-
culent. stems, never, according to various observers, bears seed in the
West Indies, Malaga, India, Cochin China, or the Malay Archipelago.™
Plants which produce & large number of tubers are apt to be sterile, as
oeours, to a certain extent, with the common potato; and Mr. Fununo
informs me that the sweet pofato (Convaluulus batatas) in China neve
hc 0i156 e o, yields sced. Dr. Royle remarks™ that in India ihe
Agave when grown in rich soil, invariably produces bulbs, bt
20 sooda; whilet a poor soil and dey olimate leads to an opposite reuls.
In China, aceording to Mr. Fortune, an extraordinary number of little
bulbs are developed in the axils of the leaves of the yam, and this plant
docs ot bear seed. Whether in these cases, as in those of double flowers
and scedless fruit, sexual sterility from conditions of lifo is the
primary cause which leads to the excessive_development of the organs
of vegetation, s doubtful; though some evidence might be advanced in
favour of this view. It is perhaps a more probable view that plants
which propagate themselves largely by one method, namely by buds, have
ot suficient vital power or organised matter for the ofher method of
sexual goneration.

Several distinguished botanists and good practical judges believ
long-continued propagation by cuttings, runners, tubers, bulbs, de., inde-
]l,luluzuy ot ke soeie e L e T

plants failing to produce flowers and of ofhers failing to produce
P e e gulmmun."”
That many plants when thus propagated are sterile there can be no doubt,
but whether the long continuance of this form of propagation is the actnal
cause of their sterility, T will not venture, from the want of sufiicient
evidence, to express an opinion.

That plants may be propagated for long periods by buds, without the
aid of sexual generation, we may safely infer from this being the case
with many plants which must have long survived in a state of nature.
As T ave had oceasion befaro to alludo to this subject, L will here give
such cases as T have collected. Many alpine plants ascend mountains
beyond the height at which they can produce seed.™ Certain species of

that

1 Tugledew, in *Transict, of Agri-
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Pou and Festuca, when growing on mountain-pasturcs, propugats theg,
selves, as T hear from Mr. Bentham, almost. exclusively by bulblets,
ives & more curions instance'™ of several American trecs, whih groy gy
plentifully in marshes or in thick woods, that they aro cortainly wel)
adapted for these stations, yet scarccly ever produco seods; bui, whey
accidentally growing on the outside of the marsh or wood, aro lodeg
with scod.  The conmon iy is found in Northern Swoden ind Russy
but flowers and fruits only in the southern provinces. The e,
calumus extends over a largo portion of the globe, but so rarely pertuts iy
fruit that this has been seen but by fow botanists™ Tho fyperieun
calyeinum, which propagates itself so frecly in our shrubberics by rhizomas,
and is naturalised in Ircland, blossoms profuscly, but softs no sced; moy
did it set any when fortilised in my garden by pollen from plants groving
ot a distance. The Lysimaclia nunmulari, which is furnished with long
runners, so seldom produces seed-capsalos, that Prof, Decaisne; who Lug
especially attended to this plant, has never seen it in fruit, The Carez
vigida often fails to perfect its sced in Scotland, Lapland, Greenlud,
Germany, and New Hampshire in tho United States™ Tho perivinkle
(Vinca minor), which spreads largely by runnors, is said scarcely over o
produce fruit in England;™ but this plant requires insect-aid for its
fertilisation, and the proper insects may be absent or rare. The Jussias
grandifiora has bocome naturalised in Southern France, and has spread by
its rhizomas 50 oxtensively as to impedo the mavigation of tho waier,
but never produces fertile seed ™ The horse-radish (Cochlenria armoracia)
spreads pertinaciously and is maturalised in various parts of Europe;
though it bears flowers, these rarely produce capsules: Professor Caspary
also informs me that he has watched this plant since 1 351, but has never
seen its fruit; nor is this surprising, as he finds scarcely & grain of gool
pollen.  The common little Ranunculus fisaria rarely, and some say never,
rs sced in England, France, or Switzerland; but in 1863 T observed
seeds on several plants growing near my house. According to . Chatin,
there aro two forms of this Ranunculus; and it is the bulbiferous form
which does ot yield soed from producing no pollen® Other cases aual-

7 4 Travel
translat,, vol.i. p. 175. pellier, 1864, p. 20.

8 With respect to fho ivy and '3 On the non-production of ssedsin
Acorus, see Dr. Bromfield in the * Phy-  England, see Mr. Crocker, in *Gor-
tologist, vol. fii. p. 376. See also  doner’s Weekly Magazine, 152, b

indlcy and Vaucher on the Acorus.  Vaucher, * Hist. Phys. Plantes dBu-

- Tope;’tom. 1. p. 83; Lecoq,  Géogn
Bot. do IEurope” tom. iv. p. 405
D. Clos, in * Annal, des
masses and lichens near Paris, serics, Bot,, tom. xvil, 182, p. 120 tis

!0 Mr. Tuckermann, in Silliman’s latter author refers {0 other analogous
* American Journal of Science,'vol.xl, eases. O o non-production of polles

North America,” Eng.

it y :
1 Sir J. B, Smith, ‘Buglish Flora,” ¢ Comptes Rendus, June 1111, 1855
vol. i. p. 839,
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ons with the foregoing could be given; for instanco, some kinds of mosscs
and lichens have never boen seen o fructify in France.

Some of these endemic and naturalised plants are probably rendered
strilo trom exomsivo multipliction by bul, und theie consequent inca-
pacity to produce and nourish seed. But the sterility of others more
Pedbably dagends oa the peculiar b thoy live, as in
the case of tho isy in the northern parts of Europe, and of the trees in
tho swamps of tho United States; yet theso plants must be in some

rospects eminently well adapted for the stations which they ocoupy, for
they hold their places against u host of competitors,

Finally, when we reflect on the sterility which accompanies
the doubling of flowers,—the excessive development of fruit,
—and o great increase in the organs of vegetation, we must
bear in mind that the whole effect has seldom been caused at
once.  An incipient tendency is observed, and continued selec-
tion completes the work, as is known to be the case with our
double flowers and best fruits. The view which seems the most
probable, and which connects together all the foregoing facts
and brings them within our present subject, is, that changed
and unnatural eonditions of life first give a tendency to sterility ;
and in consequence of this, the organs of reproduction being no
longer able fully to perform their proper functions, a supply of
organised matter, not required for the development of the seed,
flows either into these same organs and renders them foliaceous,
or into the fruit, stems, tubers, &c., increasing their size and
suceulency. But T am far from wishing to deny that there
exists, independently of any incipient sterility, an antagonism
between the two forms of reproduction, namely, by seed and
by buds, when either is carried to an extreme degree. That
incipient sterility plays an important part in the doubling of
flowers, and in the other cases just specified, I infer chiefly from
the following facts. When fertility is lost from a wholly dif-
ferent cause, namely, from hybridism, there is a strong ten-
dency, as Giirtner ™ affirms, for flowers to become double, and
this tendency is inherited. Moreover it is notorious that with
hybrids the male organs become sterile bofore tho female
organs, and with double flowers the stamens first become foli.

one single and the other double, aro
78, 87, crossed, the hybrids are apt o bo
119) also shows that when two epecics,  extremely double,
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aceous. This latter fact s well shown by the malo flowers of
dicecious plants, which, according to Gallesio,™ first hecome
double. Again, Giirtner!™ often insists that the flowers of evey
utterly sterile hybrids, which do not produce any seed, generally

yield perfect capsules or fruit,—a fact which has likewise been
repeatedly observed by Naudin with the Cucurbitaces ; so that
the production of fruit by plants rendered sterile (l\mugh any
other and distinet cause is mulllr'lble Kélreuter has also
pressed his h t the size and devel

of the tubers in certain hybrids; and all experimentalists™ haye
remarked on the strong tendency in hybrids to increase by roots,
runners, and suckers. Seeing that hybrid plants, which from,
their nature are more or Less sterile, thus tend to produce double
flowers; that they have the parts including the seed, that i
the fruit, perfectly developed, even when containing no seed;
that they sometimes yield gigantic roots; that they almost
invariably tend to increase largely by suckers and other such
means ;—seeing this, and knowing, from the many facts given in
the earlier parts of this chapter, that almost all organic beings
when exposed to unnatural conditions tend to become more or
less sterile, it seems much the most probable view that with
cultivated plants sterility is the exciting couse, and double
flowers, rich seedless fruit, and in some cases largely-developed
organs of vegetation, &e., are the indirect results—these results
having been in most cases largely increased through continued
selection by man,

1 ¢ Teoria dolla Rlprmluzmnn‘n" 1816, p. 73.
6 Bastarderzengung,' s, 573, 7 Tbid, & 527,
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CHAPTER XIX.

SUMMARY OF THE FOUR LAST CHAPTERS, WITH REMARKS
ON HYBRIDISM.

— THE INTLUENCE OF DONESTICATION ON FERTILITY
— 60D AND EVIL BESUUTS FRON GILANG

OF LIFE— VARIETIES WHES CROSSED NoT INVA
FERENCE IN FERTILITY ETWEEN CROSSED SPECIES AND VARIETIES — CONCLUSIONS

LANTS — STERILITY OF CROSSED.
SPRCIES DUB O DIFFERENCES CONFINED TO THE REFRODUCTIVE SYSTEM — NOT.
ACCUMULATED THEOUGH S NS WiY DONES

ATE NOT MUTUALLY STERILE—TO0 MUCH STRESS HAS BEEN LAID ON THE
DIFFERENCE IN FEETILITY EETWEEN CROSSED SPECIES AND CROSSED VARIETIES —
covcLusIoN.

Ir was shown in the fifteenth chapter that when individuals
of the same variety, or even of a distinct variety, are allowed
freely to intercross, uniformity of character is ultimately ac-
quired. Some few characters, however, are incapable of fusion,
but these are unimportant, as they are almost always of a
semi-monstrous nature, and have suddenly appeared. Hence,
to preserve our domesticated breeds true, or to improve them
by methodical selection, it is obviously necessary that they
should be kept separate. Nevertheless, through unconscious
selection, a whole body of individuals may be slowly modified,
as we shall see in a future chapter, without separating them
into distinet lots. Domestic races have often been intentionally
modified by one or two crosses, made with some allied race,
and_ occasionally even by repeated crosses with very distinct
races; but in almost all such cases, Tong-continued and careful
selection has been absolutely necessary, owing to the excessive
variability of the crossed offspring, due to the principle of rever-
sion. Tn a few instances, however, mongrels have retained a
uniform character from their first production.

When two varieties are allowed to cross freely, and one is
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much moro numerous than the ofher, the former will g
mately absorb the latter. Should both varieties exist in nearly
equal numbers, it is probable that a considerable period woyly
elapse before the acquirement of a uniform character ; and thy
character ultimately acquired would largely depend on pre.
potency of transmission, and on. the conditions of life; for fhe
nature of these conditions would generally favour one varioty
more than another, so that a kind of natural selection woulg
come into play. Unless the crossed offspring were slanghtered
by man without the least discrimination, some degreo of un.
methodical selection would likewise como into action. From
these several considerations we may infer, that when tvo or
more closely allied species first came into the possession of
the same tribe, their crossing will not have influenced, in s
great a degree as has often been supposed, the character of the
offspring in future times ; although in some cases it probaby
has had a considerablo effect.

Domestication, as a general rule, increases the prolificness
of animals and plants. It eliminates the tendency to sterilty
which is common to species when first taken from a state of
nature and crossed. On this latter head we have no direct
evidence; but as our races of dogs, cattle, pigs, &, are almost
certainly descended from aboriginally distinct stocks, and as
these races are now fully fertile together, or at least incom-
parably more fertile than most species when crossed, we may
with much confidence accept this conclusion.

Abundant evidence has been given that crossing adds to the
size, vigour, and fertility of the offspring. This holds good when
there has been no previous close interbreeding. It applies to
the individuals of the same variety but belonging to different
families, to distinct varieties, sub-species, and part
species. In the latter case, though size is often gained, fortility
is lost; but the increased size, vigour, and hardiness of many
hybrids cannot. be accounted for solely on the principle of con-
pensation from the inaction of the reproductive system. Certain
plants, both of pure and hybrid origin, though perfectly healthys
have become self-impotent, apparently from the unnatural con-
ditions to which they have been cxposed ; and such plants, 85
well as others in their normal state, can be stimulated to fer-
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tility only by crossing them with other individuals of the same
species or even of a distinct species.

On the other hand, long-continued closo interbreeding
between the nearest relations diminishes the constitutional
vigour, size, and fertility of the offspring; and oceasionally leads
to malformations, but not necessarily to general deterioration
of form or structure. This failure of fertility shows that the
evil results of interbreeding are independent of the angrnent-
ation of morbid tendencies common to both parents, though
this augmentation no doubt is often highly injurions., Our
belief that evil follows from close interbreeding rests to a. large
extent on the experience of practical breeders, especially of
those who have reared many animals of the kinds which can be
propagated quickly ; but it likewise rests on several carefully
recorded experiments. With some animals close interbreeding.
may be carried on for a long period with impunity by the
selection of the most vigorous and healthy individuals; but
sooner or later evil follows. The evil, however, comes on so
slowly and gradually that it easily escapes observation, but can
be recognised by the almost instantancous manner in which
size, constitutional vigour, and fertility are regained when
animals that have long been interbred are crossed with a dis-
tinet family.

These two great classes of facts, namely, the good derived
from crossing, and the evil from close interbreeding, with the

i ion of the i da i h nature
for compelling, or favouring, or at least permitting, the occa-
sional union of distinet individuals, taken together, lead to the
conclusion that it is a law of nature that organic beings shall
not fertiliso themselves for perpetuity. This law was first
plainly hinted at in 1799, with respect to plants, by Andrew
Knight,' and, not long afterwards, that sagacious observer Kil-
reuter, after showing how well the Malvacew are adupted for

* ¢ Transactions Phil. Soe,” 179, p.  fully acute observer failed o understand
202, For Kolroul *Mém. do  the full mewning of the structuro of the
T'Acud. do St. Pétorsbourg, fom. i, 1809 flowers which Lo hus so well described,

(published 1811), p. 197. Tn reading

K. Sprengel’s remarkuble work, ¢ Dug
entdeckte Geheimniss, &e., 1703, it is
curious to observe how often this wonder-

from not always having before his mind
the key to tho problem, namely, the
00d derived from tho crossing of dis-
et individual plants.
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crossing, asks, “an id aliquid in recessu habeat, quod hujus.
cemodi_ flores nunquam proprio suo pulvere, sed semper o
aliarum sue speciei impregnentur, merito queeritur? Certo
natara il facit frustra.” Although we may demur to Kol
renter's saying that nature does nothing in vain, seeing how
many .organic_beings retain rudimentary and useless organs,
yet undoubtedly the argument from the innumerable contriv-
ances, which favour the crossing of distinct individuals of the
same species, is of the greatest weight. The most important
vesult of this law is that it leads to uniformity of character in
the individuals of the same species. In the case of certain
hermaphrodites, which probably intercross only at long intervals
of time, and with unisexnal animals inhabiting somewhat seps-
rated localities, which can only occasionally come info contact
and pair, the greater vigour and fertility of the crossed offspring
will ultimately prevail in giving uniformity of character to the
individuals of the same species. But when we go beyon the
limits of the same species, free intercrossing is barred by the
law of sterility.

Tn searching for facts which might throw light on the cause of
the good effects from crossing, and of the evil effects from close
interbreeding, we have seen that, on the one hand, it is a widely
provalent and ancient belief that animals and plants profit from
slight changes in their condition of life; and it would appear
that the germ, in a somewhat analogous manner, is more effectu-
ally stimulated by the male element, when taken from a dis-
tinet individual, and therefore slightly modified in nature, than
when taken from a male having the same identical constitution.
On the other hand, numerous facts have been given, showing
that when animals are first subjected to captivity, even in their
native land, and although allowed much liberty, their repre-
ductive functions are often greatly impaired or quite annulled.
Some groups of animals are more affected than others, but with
apparently capricious exceptions in every group. Some animals
never or rarely couple: some couple freely, but never or rarely
conceive. The secondary male characters, the maternal fanc-
tions and instincts, are occasionally affected. With plants:
when first subjected to cultivation, analogous facts have been
observed. We probably owe our double owers, rich seedless
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fruits, and in_some cases greatly developed tubers, &e., to
incipient sterility of the above nature combined with a copious
supply of nutriment. Animals which have long been domes-
ticated, and plants which have long been cultivated, can gene-
nally withstand, with unimpaired fertility, great changes in their
conditions of life; though both are sometimes slightly affectod.
With animals the somewhat rare capacity of breeding frecly
under confinement has mainly determined, together with their
utility, the kinds which have been domesticated.

We can in no ease precisely say what is the cause of the
diminished fertility of an animal when first captured, or of a
plant when first cultivated ; we can only infer that it is caused
by a change of some kind in the natural conditions of life. The

ibility of the ive system to such
changes—a susceptibility not common to any other organ,—
apparently has an important bearing on Variability, as wo shall
se in a future chapter.

It is impossible not to be struck with the double parallelism
between the two classes of facts just alluded to. On the one
hand, slight changes in the conditions of life, and crosses
between slightly modified forms or varieties, are beneficial as far
as prolificness and constitutional vigour are concerned, On the
other hand, changes in the conditions greater in degree, or of a
different nature, and crosses between forms which have been
slowly and greatly modified by natural means,—in other words,
betwoen species,—are highly injurious, as far us the reproductive
system is concerned, and in some few instances as far as consti-
tutional vigour is concerned. Can this parallelism be accidental?
Does it not rather indicate some real bond of conneetion? As
a fire goes out unless it be stirred up, so the vital forces aro
always tending, according to Mr. Herbert Spencer, to a state of
equilibrium, wnless disturbed and renovated through the action
of other forces,

In some few cases varieties tend to keep distinct, by breeding
at different periods, by great, differences in size, ‘o by sexual
p.-ei‘gmnce,—in this latter Tespect more especially resembling
species in a state of natare. But the actual crossing of
varieties, fur from diminishing, generally adds to the fertility of
both the first union and the mongrel offspring. Whether all

YOL. 11, N
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the most widely distinet domestic varictios aro invariably quits
fertile when crossed, we do not positively know ; much timo and
trouble would be requisite for the necessary experiments, gng
many difficulties oceur, such as the descent of the various
races from aboriginally distinct species, and the doubts whother
certain forms ought to be ranked as species or varicties. Nover.
theless, the wide experience of practical breeders proves tha
the great majority of varieties, even if some should hereafter
prove not to be indefinitely fertile infer se, are far more fertile
when crossed, than the vast majority of closely allied natural
species. A few remarkable cases have, however, been given on
the authority of excellent observers, showing that with plants
certain forms, which undoubtedly must be ranked as varicties,
yield fewer seeds when crossed than is natural to the parent-
species.  Other varieties have had their reproductive powers so
far modified that they are either more or less fertile than are
their parents, when crossed with a distinct species.
Nevertheless, the fact remains indisputable that domesticated
varieties of animals and of plants, which differ greatly from each
other in structure, but which are certainly descended from the
same aboriginal species, such as the races of the fowl, pigeon,
many vegetables, and a host of other productions, are extremely
fertile when crossed ; and this seems to make a broad and im-
passable barrier between domestic varieties and natural species.
But, as I will now attempt to show, the distinetion is not so
great and overwhelmingly important as it at first appears.

On the Difference in Fertility between Varicties and Species when
crossed.

This work is not the proper place for fully treating the
subject of hybridism, and T have already given in my ‘ Origin
of Species’ a moderately full abstract. I will here merely
enumerate the general conclusions which may be relied on, and
which bear on our present point.

Firslly, the laws governing the production of hybrids are
identical, or nearly identical, in the animal and vegetsble
kingdoms. 3

Secondly, the sterility of distinct species when first united:
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and that of their hybrid offspring, graduates, by an almost
infinite number of steps, from zero, when the ovule is never
impregnated and a seed-capsule is never formed, up to complete
fortility. ‘We can only escape the conclusion that some species
are fully fertile when crossed, by determining to designate as
varieties all the forms which are quite fertile. This high degree
of fertility is, however, rare. Nevertheless plants, which have
been exposed to unnatural conditions, sometimes become modi-
fied in so peculiar a manner, that they are much more fertile
when crossed by a distinct species than when fertilised by their
own pollen. Success in effecting a first union between two
species, and the fertility of their hybrids, depends in an eminent
degree on the conditions of life being favourable. The innate
sterility of hybrids of the same parentage and raised from the
same seed-capsule often differs much in degree.

Thirdly, the degree of sterility of a first cross between two
species does not always run strictly parallel with that of their
hybrid offspring. Many cases are known of species which can
be crossed with ease, but yield hybrids excessively sterile ; and
conversely some which can bo crossed with great difficulty, but
produce fairly fertile hybrids. This is an inexplicablo fact, on
the view that species have been specially endowed with mutual
sterility in order to keep them distinct.

Fourthly, the degree of sterility often differs greatly in two
species when reciprocally erossed ; for the first will readily for-
tilise the second ; but the latter is incapable, after hundreds of
trials, of fertilising the former. Hybrids produced from rec
procal crosses between the same two species, likewise sometimes
differ in their degree of sterility. These cases also are utterly
inexplicable on the view of sterility being a special endowment,

Fifthly, the degree of sterility of first crosses and of hybrids
runs; to a certain extent, parallel with the general or system-
atic affinity of the forms which are united. For species be-
longing to distinet genera can rarely, and those belonging to
distinct families can never, be crossed. Tho parallclism, hoy-
ever, is far from complete; for a multitude of closely allied
species will not unite, or wnite with extremo difficulty, whilst
other species, widely different from each other, can be crossed
with perfect facility. Nor does the difficulty depend on ordinary

N2
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constitutional differences, for annual and perennial plants,
deciduous and evergreen trees, plants flowering at different,
seasons, inhabiting different stations, and naturally living under
the most opposite climates, can often be crossed with ease,
The difficulty or facility apparently depends exclusively on the
sexual constitution of the species which are crossed ; or on their
sexual elective affinity, ¢. e. Waklverwandéschaft of Girtner, Ag
species rarely or never become modified in one character,
without being at the same time modified in many, and as sys.
tematic affinity includes all visible resemblances and dissimi-
larities, any difference in sexual constitution between two species
would naturally stand in more or less close relation with their
systematic position.

Siathly, the sterility of species when first crossed, and that
of hybrids, may possibly depend to a certain extent on distinet
causes. With pure species the reproductive organs are in a
perfect condition, whilst with hybrids they are often plainly
deteriorated. A hybrid embryo which partakes of the constitu-
tion of its father and mother is exposed to umnatural conditions,
as long as it is nourished within the womb, or egg, or seed of
the mother-form; and as we'know that unnatural conditions
often induce sterility, the reproductive organs of the hybrid might
at this early age be permanently affected. But this canse has
no bearing on the infertility of first unions. The diminished
number of the offspring from first unions may often result, as is
certainly sometimes the case, from the premature death of most
of the hybrid embryos. But we shall immediately see that &
law of an unknown nature apparently exists, which causes the
offspring from unions, which are infertile, to be themselyes more
or less infertile; and this at present is all that can be said.

Seventhly, hybrids and mongrels present, with the one great
exception of fertility, the most striking accordance in all other
respects ; namely, in the laws of their resemblance to their two:
parents, in their tendency to reversion, in their variability, and
in being absorbed through repeated crosses by cither parent-
form.

Since arriving at the foregoing conclusions, condensed from
my former work, I have been led to investigate a subject which
thirows considerable light on hybridism, namely, the fertility of
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reciprocally dimorphic and trimorphic plants, when illegiti-
mately united. I have had occasion several times to allude to
these plants, and T may here give a brief abstract® of my
observations. Several plants belonging to distinet orders pre-
sent two forms, which exist in about equal numbers, and which
differ in no respect except in their reproductive organs; ono
form having a long pistil with short stamens, the other a short
pistil with long stamens; both with differently sized pollen-
gruins,  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,
there are altogether six sets of stamens and three kinds of
pistils. These organs are so proportioned in length to each other
that, in any two of the forms, half the stamens in each 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 the other
form, 8o 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 oceurs in erossing distinet
rjpwi + 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

2 T

strac was published in tho iy original observations on this point
Tourtl od 3

 cdition (1866) of my ‘Origin of have not as yet been published in
Specics; * but as this edition will be in  detail, I have ventured hero to reprint
the hunds of but few persons, and as  tho abstract,
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after a considerable interval of time, placed on the same stigma,
its action is so strongly prepotent that it generally anniilates
the effect of the foreign pollen ; so it is with the pollen of the
several forus o the same species, or legitiniate pollen i strongly
prepotent over illegitimate pollen, when both are placed on the
same stigma. T ascertained this by fertilising several flovers,
et tllogati . bt ds legiti
with pollen taken from o peculiarly coloured variety, aud ol
the seedlings were similarly coloured; this shows that the
Tegitimate pollen, though applied twenty-four hours subsequently,
had wholly destroyed or prevented tho action of the previonsly
applied illegitimate pollen. Again, as, in making reciprocal
crosses etween the same two species, there is occasionally
great, difference in the result, so the same thing ocours with
trimorphic plants ; for instance, the mid-styled form of Lythrum
salicaria could be illegitimately fertilised with the greatest case
by pollen from the longer stamens of the short-styled form, and
yielded many seeds ; but the latter form did not yield a single
sced when fertilised by the longer stamens of the midsstyled
form.

In all these respects the forms of the same undoubted species,
when illegitimately united, behave in exactly the same manner
as do two distinet species when crossed. This led me carefully
to observe during four years many seedlings, raised from several
illegitimate unions. The chief result s that these illegitimate
plants, as they may be called, are not fully fertile. It is pos-
sible 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 legi-
timate 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; theyare
all infertile, but in various degrees ; some being so utterly and
incurably sterile that they did not yield during four seasons &
single seed or even sced-capsule. These illegitimate plants
‘which are so sterile, although united with each other in a legi-
timate manner, may be strictly compared with hybrids when
crossed infer se, and it is well known how sterile these latter
generally are. When, on the other hand, a hybrid is crossed
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with either puro parent species, the sterility is usually much
Jessened : 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 the sterility of
certain illegitimate plants was unusually great, whilst the steri-
Tity 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, whilst other and more sterile
hybrids produce few flowers, and are weak, miserable dwarfs ;
exactly similar cases ocour with the illegitimate offspring of
various dimorphic and trimorphic plants.

Altogether there is the closest identity in character and beha-
viour between illegitimate plants and hybrids. It is hardly an
exaggeration to maintain that the former are hybrids, but pro-
duced within the limits of the same species by the improper
union of certain forms, whilst ordinary hybrids are produced
from an improper union between so-called distinct species.  We
have already seen that there is the closest similarity in all re-
spects between first illegitimate unions, and first crosses between
distinet species. This will perhaps be mads 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 Zythrum 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 distinet 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 com-
pletely mistaken.

The facts now given on dimorphic and trimorphic plants are
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important, because they show us, firstly, that the Physiological
test of lessened fertility, both in first crosses and in hybrids, is
o safe eriterion of specific distinction; secondly, because e
may concludo that there must be some unknown law or bond
connecting the infertility of illegitimate unions with that of
their illegitimate offspring, and we are thus led to extend this
view to first crosses and hybrids; thirdly, because we find, and
this seems to me of especial importance, that with trimorphic
plants three forms of the same species exist, which when crossed
in a particular manner are infertile, and yet these forms differ
in mo respect from each other, excopt in their reproductive
organs—as in the relative length of the stamens and. pisls
in the size, form, and colour of the pollen-grains, in the struc.
ture of the stigma, and in the number and size of the seeds,
‘With these differences and no others, either in organisation or

itution, we find that the illegitimate unions and the ille-
gitimate progeny of these three forms are more or less sterile,
and closely resemble in a whole series of relations the first
unions and hybrid o g of distinet species. From this wo
may infer that the sterility of species when crossed and of their
hybrid progeny is likewise in all probability exclusively dus
to differences confined to the reproductive system, We have
indeed been brought to a similar conclusion by observing that
the sterility of crossed species does not strictly coincide with
their systematic affinity, that is, with the sum of their external
resemblances; nor does it coincide with their similarity in
general constitution. But we are more especially led to this
same conclusion by considering reciprocal crosses, in which the
male of one species cannot be united, or can be united with
extreme difficulty, with the female of a second species, whilst
the converse cross can be effected with perfect facility; for
this difference in the facility of making reciprocal crosses, and
in the fertility of their offspring, must be attributed either to
the male or female element in the first species having been
differentiated with reference to the sexual element of the second
species in a higher degree than in the converse case. In 50
complex a subject as Hybridism it is of considerable importance
thus to arrive at a definitive conclusion, namely, that the
sterility which almost invariably follows the union of distinct

Darwin Online: Bv permission of the Trustees of the Natursl History MuseuntcLoreians




Cur. XIX. HYBRIDISM. 185

specios depends exclusively on differences in their sexual con-
sttution.

On the principle which makes it necessary for man, whilst he
is selecting and improving his domestic varieties, to keep them
soparate, it would clearly be advantageous to varieties in a state
of nature, that is to incipient specics, if they could be kept
from blending, either through sexual aversion, or by becoming
mutually sterile. Hence it at one time appeared to me probable,
as it has to others, that this sterility might have been acquired
through natural selection, On this view we must suppose that;
a shade of lessened fertility first spontancously appeared, liko
any other modification, in certain individuals of a species
when crossed with other individuals of the same species; and
that successive slight degrees of infertility, from being advan-
tageous, were slowly accumulated. This appears all the more
probable, if we admit that the structural differences between
the forms of dimorphic and trimorphic plants, as the length
and curvature of the pistil, &e., have been co-adapted through
natural selection ; for if this be admitted, we can hardly avoid
extending the same conclusion to their mutual infertility.
Sterility moreover has been acquired through natural selection
for other and widely different purposes, as with neuter insects
in reference to their social economy. In the case of plants, the
flowers on the circumference of the truss in the guelder-rose
(Viburnum opulus) and those on the summit of the spike in the
feathex-hyacinth (Muscari comosum) have been rendered con-
spicuous, and apparently in consequence sterile, in order that
inseets might easily discover and visit the other flowers. But
when we endeavour to apply the principle of natural selection
to the acquirement by distinct species of mutual sterility, we
meet, with great difficulties. In the first place, it may be
remarked that separate regions are often inhabited by groups of
species or by single species, which when brought together and
crossed are found to be more or less sterile; 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 per-
baps be argued, that, if a species were rendered sterile with
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some one compatriot, sterility with other species would folloy
23 a necessary consequence. In the second place, it is as mucl,
opposed to the theory of natural selection, as to the theory of
special creation, that in reciprocal crosses the male element
of one form should have been rendered utterly inpotent on o
second form, whilst at the same time the male element of this
second form is enabled freely to fertilise the first form; for this
peculiar stato of the reproductive system could not possibly be
advantageous to either species.

In considering the probability of natural selection having
come into action in rendering species mutually sterile, one
great difficulty will be found to lie in the existence of ‘many
graduated steps from slightly lessened fertility to absolute
sterility. It may be admitted, on the principle above explained,
that it would profit an incipient species if it were rendered in
some slight degreo sterile when crossed with its parent-form o
with some other variety; for thus fewer bastardised and dete-
riorated offspring would be produced to commingle their blood
with the new species in process of formation. But e who will
take the trouble to reflect on the steps by which this first
degree of sterility could be increased through matural selee-
tion to that higher degree which is common to so many
species, and which is universal with species which have been dif-
ferentiated to a generic or family rank, will find the subject extra-
ordinarily complex. After mature reflection it seems to me that
this could not have been effected through natural selection; for
it could have been of no direct advantage to an individual
animal to breed badly with another individual of a different
varicty, and thus leave few offspring; consequently such indi-
viduals could not have been preserved or selected. Or tako
the case of two species which in their present state, when
crossed, produce few and sterile offspring; now, what is thero
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 {0
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believe that modifications in their structure have been slowly
accamulated by natural selection, from an advantage having
been thus indircetly given to the community to which they
helonged over other communities of the same species; but an
individual animal, if rendered slightly sterile when crossed with
some other variety, would not thus in’itself gain any advantage,
or indirectly give any advantage to its nearest relatives or to
other individuals of the same variety, leading to their preserva-
tion. I infer from these considerations that, as far as animals
are concerned, the various degrees of lessened fertility which
occur with species when crossed cannot have been slowly aceu-
mulated by means of natural selection.

With plants, it is possible that the case may be somewhat
difforent.  With many kinds, insects constantly carry pollen
from neighbouring plants to the stigmas of each flower; and
with some species this is effected by the wind. Now, if the
pollen of a variety, when deposited on the stigma of the same
variety, should become by spontaneous variation in ever so
slight a degree prepotent over the pollen of other varieties, this
would certainly be an advantage to the variety; for its own
pollen would thus obliterate the effects of the pollen of other
varieties, and prevent deterioration of character. And the more
prepotent the variety’s own pollen could be rendered through
natural selection, the greater the advantage would be. We
know from the researches of Girtner that, with species which
are mutually sterile, the pollen of each is always prepotent on
its own stigma over that of the other species; but we do not
Jnow whether this prepotency is a consequence of the mutual
sterility, or the sterility a consequence of the prepotency. If
the latter view be correct, as the prepotency became stronger
through natural selection, from being advantageous to a species
in process of formation, so the sterility consequent on prepo-
teney would at the same time be augmented; and the final
result would be various degrees of sterility, such as occurs with
existing species. This view might be extended to animals, if
the female before each birth received several males, so that the
sexual element of the prepotent male of her own variety obli-
terated the effects of the access of previous males belonging
to other varicties; but we have no reason to believe, at least
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with terrestrial animals, that this is the case; as most males and
females pair for each birth, and some few for life,

On the whole we may conelude that with animals the sterility
of crossed species has not been slowly augmented. througl,
natural selection; and as this sterility follows the same general
Laws in the vegetable as in the animal kingdom, it is improbuble,
though apparently possible, that with plants crossed species should
have been rendered sterile by a different process. From this
consideration, and remembering that species which have neer
co-existed in the same country, and which theréfore could not
have received any advantage from having been rendered mu.
tually infertile, yet are generally sterile when crossed; and
bearing in mind that in reciprocal crosses between the same
w0 species there is sometimes the widest difference in their
sterility, we must give up the belief that natural selection has
come into play.

As species have not been rendered mutnally infertile throngh
the accumulative action of natural selection, and as wo may
safely conclude, from the previous as well as from other and
more general considerations, that they have not been endowed
through an act of creation with this quality, we must infer .
that it has arisen incidentally during their slow formation in
connection with other and unknown changes in their organiss- "
tion. By a quality arising incidentally, I refer to sueh cases
as different species of animals and plants being differently
affected by poisons to which they are not naturally exposed;
and this difference in susceptibility is clearly incidental on *
other and unknown differences in their organisation. So again
the capacity in different kinds of trees to be grafted on each
other, or on a third species, differs much, and is of no advantage
to these trees, but is incidental on structural or fnctional dif-
{erences in their woody tissues. We need not feel surprise at
sterility incidentally resulting from crosses between distinct
species,—the modified descendants of a common progenitor—
when we bear in mind how easily the reproductive system i3
affected by various causes—often by extremely slight changes
in the conditions of life, by too close interbreeding, and by
other agencies. It is well to bear in mind such cases, as that
of the Passiflora alata, which recovered its self-fertility from
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being grafted on a distinet species—the cases of plants which
normally or abnormally are self:impotent, but can readily be
fortilised by the pollen of a distinct species—and Iastly the
cases of individual domesticated animals which evince towards
each other sexual incompatibili

We now at last come to the immediate point under dis-
cussion: how is it that, with some few exceptions in the case of
plants, domesticated varieties, such as those of the dog, fowl,
pigeon, several fruit-trees, and culinary vegetables, which differ
from each other in external characters more than many species,
are perfectly fertile when crossed, or even fertile in excess,
whilst closely allied species are almost invariably in some
degree sterile? We can, to a certain extent, give a satisfactory
answer to this question. Passing over the fact 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, we know that with
species the cause lies exclusively in differences in their sexual
constitution. Now the 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 would have been in some degree sterile when crossed,
become perfectly fertile together. With plants, so far is culti-
vation from giving a tendency towards mutual sterility, that in
several well-authenticated cases, already often alluded to, certain
species have been affected in a very different manner, for they
have become self-impotent, whilst still retaining the capacity
of fertilising, and being fertilised by, distinet species. If the
Fallasian doctrine of the elimination of sterility through long-
continued domestication b admitted, and it can hardly be
rejectedfit becomes in the highest degree improbable that similar
cireumstances should commonly both induce and eliminate the
same tendency; though in certain cases, with species having a
peculiar constitution, sterility might oceasionally be thus in-
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duced. Thus, as I believe, we can understand why with domes.
ticated animals varieties have not been produced which are
mutually sterile; and why with plants only a few such ecases
have been observed, namely, by Girtner, with certain varieties
of maize and verbascum, by other experimentalists with varie-
ties of the gourd and melon, and by Kolreuter with one kind of
tobacco.

With respect to varieties which have originated in a stato
of nature, it is almost hopeless to expect to prove by direct
evidence that they have been rendered mutually sterile; for if
even a trace of sterility could be detected, such varieties would
at once be raised by almost every naturalist to the rank of
distinet species. If, for instance, Giirtner’s statement were fully
confirmed, that the blue and red-flowered forms of the pimpemel
(Anagallis arvensis) are sterile when crossed, I presume that all
the botanists who now maintain on various grounds that these
two forms are merely fleeting varieties, would at once admit
that they were specifically distinct.

The real difficnlty in our present subject is not, as it appears
to me, why domestic varieties have not become mutually in-
fertile when crossed, but why this has so generally occurred
with natural varieties as soon as they have been modified in a
sufficient and permanent degree to take rank as species. We
aro far from precisely knowing the cause; nor is this surprising,
secing 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 straggle for life with numerous
competitors, must have been exposed to more uniform conditions
during long periods of time, than have been domestic varicties;
and this may well make a wide difference in the result. Forwe
know how commonly wild animals and plants, when taken from
their nataral conditions and subjected to captivity, are rendered
sterile; and the reproductive functions of organic beings which
have always lived and been slowly modified under natural con-
ditions would probably in like manner be eminently sensitive o
the influence of an unnatural eross. 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
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with undiminished fertility repeated changes of conditions,
might be expected to produce varieties, which would be little
liable to have their reproductive powers injurionsly affected Ly
the act of crossing with other varieties which had originated in
a like manner.

Certain naturalists have recently Inid too great stress, as it
appears to me, on the difference in fertility between varieties
and species when crossed. Some allied species of trees cannot
be grafted on each other,—all varieties can be so grafted. Some
allied animals are affected in a very different manner by the
same poison, but with varieties no such case until recently was
known, but now it has been proved that immunity from cortain
poisons stands in some cases in correlation with the colour of
the hair. The period of gestation generally differs much with
distinct species, but with varieties until lately no such difference
had been observed. The time required for the germination
of seeds differs in an analogous manner, and T am not aware
that any difference in this respect has as yet been detected
with varieties. Here we have various physiological differences,
and no doubt others could be added, between one species and
another of the same genus, which do not oceur, or ocour with
extreme rarity, in the case of varieties; and these differences
are apparently wholly or in chief part incidental on other con-
stitutional differences, just in the same manner as the sterility
of crossed species is incidental on differences confined to the
sexual system.  Why, then, should these latter differences, how-
ever serviceable they may indirectly be in keeping the inha-
bitants of the samo country distinet, be thought of such para-
mount importance, in comparison with other incidental and
fanctional differences? No sufficient answer to this question
can be given. Henco the fact that the most distinct domestic
oties are, with rare exceptions, perfoctly fertile when crossed,
and produce fertilo offspring, whilst closely allied species are,
with rare exceptions, more or less sterile, is not mearly so
formidable an objection as it appears at first to the theory of
the common descent of allied species,
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CHAPTER XX.

SELECTION BY MAX.

SELECTION A DIFFICULT ART— METHODICAL, UNCONSCIOUS, AND NATURAL SELECTION

omi
(OF 1N THE TARTS MOST VALUED BY MA.

THE power of Selection, whether exercised by rian, or brought
into play under nature throngh the straggle for existence and
the consequent survival of the fittest, absolutely depends on the
variability of organic beings. Without variability nothing can be
effected ; slight individual differences, however, suffice for the
work, and are probably the sole differences which are effective
in the production of new species. Hence our discussion on the
canses and laws of variability ought in strict order to have pre-
ceded our present subject, as well as the previous subjects of
inheritance, crossing, &e.; but practically the present arrange-
ment has been found the most convenient. Man does not
attempt to cause variability ; though he unintentionally effects
this by exposing organisms to new conditions of life, and by
crossing breeds already formed. But variability being granted,
he works wonders. Unless some degree of selection be exercised;
the free commingling of the individuals of the same variety soon
obliterates, as we have previously seen, the slight differences
which may arise, and gives to the whole body of individuals
- uniformity of character. In separated districts, long-continued
exposure to different conditions of life may perhaps produce new
races without the aid of selection; but to this difficult subject
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of the direct action of the conditions of life wo shall in a future.
chapter recur.

When animals or plants are born with some conspicuous and
firmly inherited new character, selection is reduced to the pro-
servation of such individuals, and to the subsequent prevention of
crosses ; so that nothing more need be said on the subject. But
in the great majority of cases a new character, or some superi-
ority in arr old character, is at first faintly pronounced, and is
not strongly inherited ; and then the full difficulty of selection
is experionced. Indomitablo patience, the finest powers of
discrimination, and sound judgment must be exercised during
many years. A clearly prédetermined object must be kept
steadily in view. Few men are endowed with all theso qualitics,
especially with that of discriminating very slight differences;
judgment can be acquired only by long experience ; but if any
of these qualities be wanting, the labour of a lifo may be thrown
away. T have been astonished when celebrated breeders, whose
skill and judgment have been proved by their success af exhi-
bitions, have shéwn me their animals, which appeared all alike,
and haye assigned their reasons for matching this and that indi.
vidul. The importance of the great principle of Selection
mainly lies in this power of selecting scarcely appreciable
differences, which are found to be issil
and which can be accumulated until the result is made manifest
to the eyes of every beholder.

The principle of selection may be conveniently divided into
threo kinds.  Methodical selection is that which guides a man
vho systematically endeavours to modify o breed acconding to
some  predetermined standard. - Unconssious selection is' that
Which follows from men naturally preserving the most valued
and destroying the less valued individuals, without any thought
of altering tho breed; and undoubtedly this process slowly
vorks great changes. - Unconscious selection *graduates into
methodical, and only extreme cases can be distinetly separated ;
for he who preserves a usoful or - perfect animal. will gene-

samo character; but as long

Purpose to improvo. the bred, he may be sid to be selecting
VOL. I o
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unconsciously.! Lastly, we have Natural selection, which implies
that the individuals which aro best fitted for the compley,
and in the course of ages changing conditions to which they
are exposed, generally survive and procreate their kind, With
domestic_productions, with which alone wo are here strictly
concerned, natural selection comes to a certain extent into
action, independently of, and even in opposition to, the will
of man.

Methodical Selection.—What man has effected within recent
times in England by methodical selection is clearly shown by
our exhibitions of improved quadrupeds and faney birds. With
Tespect to cattle, sheop, and pigs, we owe their great improve-
ment to a long series of welldknown names—Bakewell, Colling,
Ellman, Bates, Jonas Webb, Lords Leicester and Western,
Tisher Hobbs, and others. Agricultural writers are unanimous
on the power of selection: any number of statements to this
effect could be quoted ; a few will suffice. Youatt, a sagacious
and experienced observer, writes,? the principle of selection is
“that which enables the agriculturist, not only to modify the
character of his flock, but to change it altogether.” A great
breeder of shorthorns® says, “In the anatomy of the shoulder
“modern breeders have made great improvements on the
“ Ketton shorthorns by correcting the defect in the knuckle or
< shoulder-joint, and by laying the top of the shoulder more
“snugly into the crop, and thereby filling up the hollow
“ behind it. . .-, . The eye has its fashion at different periods:
“at one time the eye high and outstanding from the head, and
“ at another time the sleepy eye sunk into the head; but these
« extremes have merged into the medium of a full, clear, and
“ prominent eye with a placid look.”

Again, hear vhat an excellent judge of pigs* says: “ The legs

1 The term wnconscious selection has  grains of sand of equal size.
been objected to us a contradiction ; but 2 On Shoep, 1838, p. 60-
s¢e some excellent obscrvations on this 3 Mr. J, Wright on Shorthorn Catiley
lead by Prof. Huxley (‘Nat. Hist. in *Journal of Royal Agriculf, Sots’
Review, Oct. 1864, p. 578), Who re-  vol. vii. pp. 208, 209.
suarks that when the wind heaps wp 4 H. D, Richardson on Pigs 187
cond-dunes it sifts and wnconsciously p. 41,
selects from the gravel on the beach
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« should be no longer than just to prevent the animal’s belly
“from trailing on the ground. The leg is the least profitable
« portion of the hog, and we therefore require no more of it than
«is absolutely necessary for the support of the rest.” Let any
one compare the wild-boar with any improved breed, and he will
see how effectually the legs have been shortened.

TFew persons, except breeders, are aware of the systematic
care taken in selecting animals, and of the necessity of having a
clear and almost prophetic vision into futurity. Lord Spencer’s
skill and judgment wero well known; and he writes? Tt is
“ therefore very desirable, before any man commences to breed
« cither cattle or sheep, that he should make up his mind to the
“shape and qualities ho wishes to obtain, and steadily pursue
“this object.” Lord Somerville, in speaking of the marvellous
improvement of the New Leicester sheep, effocted by Bukewell
and his successors, says, “Tt wonld seem as if they had first
drawn. a perfect, form, and then given it life” Youats® urges
the necessity of anmally drafting each flock, as many animals
will certainly degenerate “from the standard of excellence, which
the breeder has established in his own mind.” Even with a
bird of such little importance as the canary, long ago (1780-
1790) rules were established, and a standard of perfoction was
fixed, according to which the London fanciers tried to breed the
several. sub-varieties” A great winner of prizes at the Pigeon-
shows* in deseribing the Short-faced Almond Tumbler, says,
& There are many fist-rate fanciers who are particularly partial
to what is called the goldfinch-heak, which s very beautiful ;
¢ others say, take a fullsize round cherry, then tako a harley-
&t corn, and judiciously placing and hrusting it into the cherry,
«form as it wero your beak ; and that is not all, for it will form
“a good head and beak, provided, as T said before, it is Judi-
7 clously done; others take an oats but as T think tho gold-
 finch-bealk the handsomest, T would adviso the inexperienced
“fancier to get the head of a goldfinch, and keep it by him
* for his observation.” Wonderfully different as s the beak
of the rock pigeon and goldfinch, undoubtedly, as far as ox-

? *Journal of R. Agricult. Soc,” vl i. p. 24

7 Loudon’s * Mag. of Nat. Hist, vol. vilr, 1535, p- 618.
* *A Treatiso on the Art of Breeding tho Almond Tusybler, 7 1851, p. 9.

02

¢ On Sheep, pp. 520, 319,
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ternal shape and proportions are concerned, the end has beens
nearly gain

Not only should our animals be examined with the greatest
care whilst alive, but, as Anderson remarks,” their carcases should
be scrutinised, “so as to breed from the descendants of such
only as, in the language of the butcher, cut up well” The
“grain of the meat” in cattle, and its being well marbled with
fat,® and the greater or less accumulation of fat in the abdomen
of our sheep, have been attended to with success. So with
poultry, a writer;!" speaking of Cochin-China fowls, which are
said to differ much in the quality of their flesh, says, * the best
«modo is to purchase two young brother-cocks, kill, dress, and
«serve up one; if he be indifferent, similarly dispose of the
« other, and try again ; if, however, he be fine and well-flavoured,
«his brother will not be amiss for breeding purposes for the
“ table.”

The great principle of the division of labour has been brought
to bear_on selection. In certain districts'® “the breeding of
«bulls# confined to a very limited number of persons, who by
« devoting their whole attention to this department, are able
« from year to year to furnish a class of bulls which are steadily
« improving the general breed of the district.” The rearing
and letting of choice rams has long been, as is well known, a
chief source of profit to several eminent breeders. In parts of
Germany this principle is carried with merino sheep to an
extreme point) “So important is the proper selection of
“ breeding animals considered, that the best flock-masters do
“ not trust to their own judgment, or to that of their shepherds,
“ but employ persons called * sheep-classifiers,’ who make it their
« special business to attend to this part of the management of
« several flocks, and thus to preserve, or if possible to improve,
« the best qualities of both parents in the lambs.” In Saxony,
 when the lambs are weaned, each in his turn is placed upon
“a tablo that his wool and form may be minutely observel:

Rl‘cnatmns in Agriculture; vol.  Agricult. S

quoled in * Gard. Chr>-
9.

i 4 niele,” 1844, 7.
B Yot m e, pp. 191, 27, » Simmonds, quoted in *Garl:
B Ferguson, *Prize Poultry, 1854, . Chronicle, 1855, p. 637. Aud fr the

P 208. cond q.mmnu,., cee Youit on Sheep>
B Wikson, in ¢ Transsct, Highland  p. 1
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# « The finest are selected for breeding and receive a first mark.
« When they are one year old, and prior to shearing them,
« another close examination of those previously marked takes
« place: those in which no defect can be found receive a second
« mark, and the rest are condemned. A few months afterwards
« o third and last scrutiny is made; the prime rams and ewes
« receive a third and final mark, but the slightest blemish is
« sufficient to cause the rejection of the animal” These sheep
are bred and valued almost exclusively for the fineness of their
wool; and the result corresponds with the labour bestowed on
their selection. Instruments have been invented to measure
accurately the thickness of the fibres; and “an Austrian fleece
has been produced of which twelve hairs equalled in thickness
one from a Leicester sheep.”

Throughout the world, wherever silk is produced, the greatest;
care is bestowed on selecting the cocoons from which the moths
for breeding are to be reared. A careful cultivator™ likewise
examines the moths themselves, and destroys those that are not
perfect. But what more immediately concerns us is thit certain
families in France devote themselves to raising eggs for sale.
In China, near Shanghai, the inhabitants of two small districts
have the privilege of maising eggs for the whole surrounding
country, and that they may give up their whole time to this
business, they are interdicted by law from producing silk.®

The care which successful breeders take in matching their
birds is surprising. Sir John Sebright, whose fame is perpetuated
by the “Sebright Bantam,” used to spend * two and three days
in examining, consulting, and disputing with a friend which
were the best of five or six birds.”" Mr. Bult, whose pouter-
Pigeons won so many prizes and were exported to North
America under the charge of a man sent on purpose, told
me that he always deliberated for several days before he
matched each pair. Hence we can understand the advice of an
eminent fancier, who writes, T would here particularly guard

2 Ro)
% Quatref
Ver Sci 1850, .
" M. Simon, in “Bull. do I Soc. r'mm

@, \m\mz tom. ix, 1862, p. 221.

VerSiof 1848 p.27L. 7 56 Bosltry Chueile! L.
shdis du 1884,7.
i

Treatise on Fancy
, and A Treatise
1851, pi 1.
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« you against having too great a variety of pigeons, otherwise
«you will know a little of all, but nothing about one as it
“ ought to be known.” Apparently it transcends the power of
the human intellect to breed all kinds: “it is possible that
« thero may be a fow fanciers that have a good general knoy.
«ledge of fancy pigeons; but there are many more who labour
« under the delusion of supposing they know what they do not,”
The excellence of one sub-variety, the Almond Tumbier, Ties iy
the plumage, carringe, head, beak, and eye; but it is too pro-
sumptuous in the beginner to try for all these points. The
great judge above quoted says, “there are some young fanciers
« who are over-covetous, who go for all the above five propertics
“at once; they have their reward by getting nothing” We
thus see that breeding even fancy pigeons is no simple art: we
may smile at the solemnity of these precepts, but he who laughs
will win no prizes.

‘What methodical selection has effected for our animals is
sufficiently proved, as already remarked, by our Exhibitions.
So greatly were the sheep belonging to some of the earlier
breeders, such as Bakewell and Lord Western, changed, that
many persons could not be persuaded that they had mot been
crossed.  Our pigs, as Mr. Corringham remarks,” during the
Tast twenty years have undergone, through rigorous selection
together with crossing, a complete metamorphosis. The first
exhibition for poultry was held in the Zoological Gardens in
1845 ; and the improvement effected since that time has been
great. As Mr. Baily, the great judge, remarked to me, it was
formerly ordered that the comb of the Spanish cock should b
upright, and in four or five years all good birds had upright
combs; it was ordered that the Polish cock should have no
comb or wattles, and now a bird thus furnished would be at
once disqualified; beards were ordered, and out of fifty-seven
pens lately (1860) exhibited at the Crystal Palace, all had
beards. So it has been in many other cases. But in all cases
the judges order only what is occasionally produced and what
can be improved and rendered constant by selection. The
steady increase of weight during the last few years in our

¢ Journal Royal Agricultural Soc., vol. vi. p. 22.
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fowls, turkeys, ducks, and geese is motorious; “six-pound
ducks are now common, whereas four pounds was formerly the
average” As the actual time required to make a change has
not often been recorded, it may be worth mentioning that it
took Mr. Wicking thirteen years to put a clean white head on
an almond tumbler’s body, “a triumph,” says another fancier,
“of which he may be justly proud.”®

M. Tollet, of Betley Hall, selected cows, and especially bulls,
desconded from good milkers, for the sole purpose of improving
his cattle for the production of cheese; he steadily tested the
milk with the lactometer, and in eight years he increased, as T
was informed by him, the product in the proportion of four to
three. Here is a curious case® of steady but slow progress,
with the end not as yet fully attained: in 1784 a race of silk.
worms was introduced into France, in which one hundred out
of the thousand failed to produce white cocoons; but now, after
careful selection during sixty-five generations, the proportion of
yellow cocoons has been reduced to thirty-five in the thousand.

‘With plants selection has been followed with the same good
results as with animals. But the process i simpler, for plants
in the great majority of cases bear both sexes. Nevertheless,
with most kinds it is necessary to take as much care to pre-
vent crosses as with animals or unisexual plants; but with
some plants, such as peas, this care does not seem to be neces-
sary.  With all improved plants, excepting of course those
which are propagated by buds, cuttings, &e., it is almost indis-
pensable to examine the scedlings and destroy those which
depart from the proper type. This is called roguing,” and
i, in fact, a form of selection, like the rejection of inferior
animals.  Experienced horticulturists and agriculturists inces-
santly wrge every one to preserve the finest plants for the
Pproduction of seed.

Although plants often present much more conspicuous vari
tions than animals, yet the closest attention is generally requisite
to detect each slight and fayourable change. Mr. Masters
Telates® how “many a patient hour was devoted,” whilst he was

Poultry Chronicle; vol, i, 18:
id. Geoffroy 8. Hilaire,« Hist
ardener’s Chionicl,” 1850, p, 14

596,
t. Gén. tom, iii. p. 254
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young, to the detection of differences in peas intended for seed,
M. Burnet® remarks that the old scarlet American strawberry
was cultivated for more than a century without producing g
single variety; and another writer observes how singular it was
that when gardeners first began to attend to this fruit it began
to vary; the truth no doubt being that it had always varied,
but that, until slight varieties wero selected and propagated by
seed, no conspicuous result was obtained. The finest shades of
difference in wheat have been discriminated and selected with
almost as much care, as we see in Colonel Le Couteur’s works,
as in the case of the higher animals; but with our cereals the
process of selection has seldom or never been long continued.

It may be worth while to give a few examples of methodical
selection with plants; but in fact the great improvement of all
our anciently cultivated plants may be attributed to solection
long carried on, in part methodically, and in part unconsciously.
1 have shown in a former chapter how the weight of the goose-
berry has been increased by systematic selection and culture.
The flowers of the Heartsease have been similarly increased in
size and regularity of outline. With the Cineraria, Mr, Glenny®
“was bold enough, when the flowers were ragged and starry
“and ill defined in colour, to fix a standard which was then
« considered outrageously high and impossible, and which, even
« if reached, it was said, we should be no gainers by, as it would
“spoil the beauty of the flowers. He maintained that ho was
“right; and the event has proved it to be so.” The doubling
of flowers has several times been effected by careful selection :
the Rev. W. Williamson® after sowing during several years
seed of Anemone coronaria, found a plant with one additional
petal; he sowed the seed of this, and by perseverance in the
same course obtained several varieties with six or seven rows of
petals. The single Scotch rose was doubled, and yielded eight
good_varieties in nine or ten years® The Canterbury bell
(Campanula medium) was doubled by careful selection in four
generations® In four years Mr. Buckman® by culture and
“ ¢ Transnet. Hort. Soe.’ vol. vi. p. % ¢ Transact. Hort. Soc,’ vol. iv. P
% “Journal of Hortieulture,’ 1862, p.

v. W. Bromehead, in Gard.
: Chronicle, 1857, p. 350,
# “Dransact. Hort, Soc, vol.iv.p. 381 % * Gard. Chronicle; 1862, p. 721
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careful selection, converted parsnips, raised from wild seed, into
a new and good variety. By selection during a long course of
years, the early maturity of peas has been hastened from ten to
twenty-one days® A more curious case is offered by the beet-
plant, which since its cultivation in France, has almost exactly
doubled its yield of sugar. - This has been effected by the most
careful seloction ; the specific gravity of the roots being regu-
larly tested, and the best roots saved for the production of
seed.”

Selection by Ancient and Semi-civilised People.

In attributing so much importance to the selection of animals
and plants, it may be objected that methodical selection would
not have been carried on during ancient times. A distinguished
naturalist considers it as absurd to suppose that semi-civilised
people should have practised selection of any kind. Undoubt-
edly the principle has been systematically acknowledged and
followed to a far greater extent within the last hundred years
than at any former period, and a corresponding result has
been gained ; but it would be a great error to suppose, as we
shall immediately see, that its importance was not recognised
and acted on during the most ancient times, and by semi-
civilised people. I should premise that many facts now to be
given only show that care was taken in breeding; but when
this is the case, selection is almost sure to be practised to a-
certain estent.  We shall hereafter be enabled hetter to judge
how far selection, when only occasionally carried on, by a few

* of the inhabitants of a country, will slowly produce a great
effect.

In a well-known passage in the thirtieth chapter of Genesis,
rules are given for influencing, as was then thought possible,
the colour of sheep ; and speckled and dark breeds are spoken.
of as being kept separate. By the time of David the fleeco was
likened to snow. Youatt,? who has discussed all the passages
in relation to breeding in the Old Testament, concludes that

* Dr. Anderson, in *The Bee, ol Godron, ‘Do PEsphes;” 1859, tom.
Yi p. 96; Mr. Bames, in *Gard. i p.69; * Gard. Chronicle; 1854, p. 258,

Ch 1844, p. 476 5 On Shoop, p. 18,
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at this carly period “some of tho best principles of broeding
must have been steadily and long pursued.” Tt was ordered,
according to Moses, that «Thou shalt not let thy cattle gendor
with a diverse kind ;” but mules were purchased,® so that at this
early period other nations must have crossed the horse and ass,
Tt is said® that Erichthonius, some generations bofore the Trojun
war, had many brood-mares, “which by his care and judgment
in the choice of stallions produced a breed of horses superior
to any in the surrounding comntries” Homer (Book v.) speaks
of Zneas’s horses as bred from mares which were put to the
steeds of Laomedon. ~ Plato, in his ‘Republic,’ says to Glancus,
“T see that you raise at your house a great many dogs for the
chase. Do ‘you take care about breeding and pairing them?
Among animals of good blood, are there not always some
which are superior to the rest?” To which Glaucus answers
in the affirmative® Alexander the Great selected the finest
Indian cattle to send to Macedonia to improve the breed
According to Pliny,* King Pyrrhus had an especially valuablo
breed of oxen; and he did not suffer the bulls and cows to
come fogether till four years old, that the breed might not
degenerate. Virgil, in his Georgies (lib. iii), gives as strong
advice as any modern agriculturist could do, carefally to select
the breeding stock; “to note the tribe, the lineage, and the
sire; whom to reserve for husband of the herd ;”—to brand the
progeny ;—to select sheep of the purest white, and to examine
if their tongues are swarthy. We have seen that the Romans
kept pedigrees of their pigeons, and this would have been a
senseless proceeding had not great care been taken in breeding .
them. Columella gives detailed instructions about breeding
fowls: ““Let the breeding hens therefore be of a choice colour,
“a robust body, square-built, full-breasted, with large heads,
“ with upright and bright-red combs. Those are belioved to be
“ the best bred which have five toes.”* According to Tacitus,
the Celts attended to the races of their domestic animals;

# Volz, * Beittige zur Kulturgo- logieal Review, May 1864, p. 101,

schichte, 1852, 5. 47. % Voly,  Beitrige,” &¢, 1832, 5, §0.
 Mitford's * History of Greeee,’ vol. 3 * History of the World, ch.

ip.78. 7 ¢ Gardener’s Chronicle,’ 1845, P
# Dr. Dally, transluted in * Anthropo- 32,
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and Ceesar states that they paid high prices to merchants for
fine imported horses® In regard to plants, Virgil speaks of
yearly culling the largest seeds; and Celsus says, “whero the
corn and erop is but small, we must pick out the best ears of
corn, and of them lay up our seed separately by itsclf,”®

Coming down the stream of time, we may be brief. At about
the beginning of the ninth century Charlemagne expressly
ordered his officers to take great care of his stallions; and if
auy proved bad or ld, to forewarn him in good time befor
were put to the mares® Even in a country so little civilise
as Treland during the ninth century, it would appear from some
ancient verses," deseribing a ransom demanded by Cormac, that
animals from particular places, or having a particular character,
were valued. Thus it is said,—

Two pigs of the pigs of Mac Lir,
A ram and ewe both round and red,

1 brought with me from Aengus.

1 brought with me a stallion and a mare

From the beantiful stud of Manannan,

A bull and a white cow from Druim Cain.

Athelstan, in 930, reccived as a present from Germany, rumning-

horses; and he prohibited the exportation of English horses.

King John imported “one hundred chosen stallions from

Flanders™®  On June 16th, 1305, the Prince of Wales wrote

to the Archbishop of Canterbury, begzing for the loan of any

choico stallion, and promising its return at the end of the
season.® There are numerous records at ancient periods in

English history of the importation of choice animals of various

kinds, and of foolish laws against their exportation. In the

reigns of Hewry VIL and VIIL it was ordored that the

magistrates, at Michaelmas, should scour the heaths and com-

mons, and destroy all niares beneath a certain size Some of

our carlier kings passed laws against the slaughtering rams of any

g00d breed before they were seven years old, so that they might
* Reynier, ‘De 1'Economie des 1860, p. 11.

Celtes,” 1818, pp. 487, 503, # Col. Hamilton Smith, *Nat.
Lo Coutour on Wheat, . 15 v
 Michel, *Des Haras, 1861, p. 4,
@ Sir W Wilde, un *Esay on U

mnfictured Auinal Remgns, S,

fichel, * Des Haras, p. 90.
cr, *History of the Horse,”
ol. xiii. p- 423,
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have time to breed. In Spain Cardinal Ximenes issued, in 1509,
regulations on the selection of good rams for breeding.®

The Emperor Akbar Khan before the year 1600 is said to
have wonderfully improved” his pigeons by crossing the
breeds; and this necessarily implies careful selection. About
the same period the Dutch attended with the greatest caro
to the breeding of these birds. Belon in 1555 says that good
managers in France examined the colour of their goslings in
order to get geese of a white colour and better kinds. Markham
in 1631 tells the breeder “to elect the largest and goodliest
conies,” and enters into minute details. Even with respoct
t0 seeds of plants for the flower-garden, Sir J. Hanmer writing
about the year 1660 % says, in “choosing seed, tho best seed is
the most weighty, and is had from tho Instiest and most vigor-
ous stems;” and he then gives rules about leaving only a few
flowers on plants for seed; so that even such details were
attended to in our flower-gardens two hundred years ago. Tn
order to show that selection has been silently carried on in
places where it would not have been expected, I may add that
in the middle of the last century, in a remote part of North
America, Mr. Cooper improved by careful seloction all his
vegetables, ““so that they were greatly superior to those of any
“ other person. - When his radishes, for instance, are fit for use,
“he takes ten or twelve that he most approves, and plants
“ them at least 100 yards from others that blossom at the same
“time. . In the same manner he treats all his other plants,
“ varying the circumstances according to their nature.”

Tn the great work on China published in the last century by
the Jesuits, and which is chiefly compiled from ancient Chinese
encyelopeedias, it is said that with sheep improving the breed
“ consists in choosing with particular care the lambs which are
« destined for propagation, in nourishing them well, and in
“Xkeeping the flocks separate.” The same principles were
applied by the Chinese to various plants and fruit-trees® - An

M. PAbbé Carlier, in *Journaldo 4+ Gardener's Chronicle, 1843,p. 3.
Physique,’ vol. xxiv., 1784, p. 181 : this 47 Communications to Board of Agri-
‘memoir contains much information on  eulture, quoted in Dr. Darwin’s * Phyto-
the ancient selection of sheep; and is logia, 1500, p. 431
my authority for rams not being killed 4 ¢ Mémoire sur les Chinois,’ 176,
‘young in England, tom. xi. p. 55; fom. . p. 507.
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imperial_edict recommends the choice of seed of remarkablo
sizo; and selection was practised even by imperial hands, for
it is said that the Ya-mi, or imperial rice, was noticed at an
ancient period in a field by the Emperor Khang-hi, was saved
and cultivated in his garden, and has since become valuable
from being the only kind which will grow north of the Great
Wall® Even with flowers, the tree pwony (P. moutan) has
Deen cultivated, according to Chinese traditions, for 1400 years;
between 200 and 300 varieties have been raised, which are
cherished like tulips formerly were by the Dutch

Turning now to semicivilised people and to savages: it
occurred to me, from what I had seen of several parts of South
America, where fences do not exist, and where the animals are
of little value, that there would be absolutely no care in breeding
or selecting them; and this to a large extent is true. . Roulin"
however, describes in Colombia a naked race of cattle, which are
not allowed to increase, on account of their delicate constitution.
According to Azara®® horses are often boru in Paraguay with curly
hair; but, as the natives do not like them, they are destroyed.
On the other hand, Azara states that a hornless bull, born in
1770, was preserved and propagated it race. I was informed of
the existence in Banda Oriental of a breed with reversed hair;
and the extrordinary niata cattle first appeared and have since
been kept distinct in La Plata. - Hence certain conspicuous va-
riations have been preserved, and others have been habitually
destroyed, in these countries, which are so little favourable for
careful selection. We have also seen that the inhabitants some-
timesintroduce cattle on their estates to prevent the evil effects of
close interbreeding. On the other hand, T have heard on reliable
authority that the Gauchos of the Pampas never take any pains in
selecting the best bulls or stallions for breeding ; and this probably
accounts for the cattle and horses being remarkably uniform in
character throughoutthe immense range of the Argenin republic.

Looking to the Old World, in the Sahara Desert “The
“Touareg is as careful in the selection of his breeding Mahari

4 «Recherches sur Agriculture des  vol. xii, p. 253,
! par L. D'Hervey-Suint-Denys, 5 *Mén, do I'Ac
o it

4 (divers savans),

X tom, vi,, 1835, p.
sce Huc's * Chinese Empire; p. 311, 5 ¢ Des Quadrupides du Paraguay,
# Auderson, in *Linn, Trunsact,’ 1501, tow. ii. p. 533, 871,
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« (afine race of the dromedary) as the Arab is in that of his
“horse.Tho pedigrees are handed down, and many a dromedary
“ can boast a genealogy far longer than the descendants of the
“ Darley Arabian”®  According to Pallas the Mongolians
endeavour to breed the Yaks or horse-tailed buffaloes with
white tails, for these are sold to the Chinese mandarins as fly-
flappers ; and Moorcroft, about seventy years after Pallas, found
that white-tailed animals were still selected for breeding.5

We have seen in the chapter on the Dog that savages in
different parts of North America and in Guiana cross their
dogs with wild Canide, as did the ancient Gauls, according
to Pliny. This was done to give their dogs strength and
vigour, in the same way as the keepers in large warrens
now sometimes cross their ferrets (as I have been informed by
Mr. Yarrell) with the wild polecat, *to give them more devil,”
According to Varro, the wild ass was formerly canght and
crossed with the tame animal to improve the breed, in the
same manner as at the present day the natives of Java sometimes
drive their cattle into the forests to cross with the wild Banteng
(Bos sondaicus)® Tn Northern Siberia, among the Ostyaks
the dogs vary in markings in different districts, but in each
place they are spotted black and white in a remarkably uniform
manner ;* and from this fact alone we may infer carefal
Dreeding, more especially as the dogs of one locality are famed
throughout the country for their superiority. I have heard of
certain tribes of Esquimaux who take pride in their teams of
dogs being uniformly coloured. In Guiana, as Sir R. Schom-
burgk informs me,” the dogs of the Turuma Indians are highly
valued and extensively bartered: the price of a good one is the
same as that given for a wife: they are kept in a sort of cage,
and the Indians “ take great care when the female is in season
to prevent her uniting with a dog of an inferior deseription.”
The Indians told Sir Robert that, if a dog proved bad or useless,

# Tho Great Sahara, by the Rev.  Ficld, 1830, p. 196: for Varmo, s
H. B. Tristram, 1860, p. 238, Pallas, ut supra,

# Pallas, * Act, Acad. §t. Petersburg!  © Erman's * Travels in Sibes
1777, p. 249; Mooreroft and Trebeck, translat, vol. i. p. 455,
“Travels in the Himalayen Provinces) &7 Seo also * Jounal of R. Geogmph
1811 800, vol, xil. part i . 65.

# Quoted from Raflls,in the *Indian
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e was not killed, but was left to die from sheer neglect.
Hardly any nation is more barbarous than the Fuegians, but, T
hear from Mr. Bridges, the Catechist to the Mission, that,
 when these savages have a large, strong, and active bitch, they
« take care to put her to a fine dog, and even take care to feed
 her well, that her young may be strong and well favoured,”

In the interior of Africa, negroes, who have not associated
with white men, show great anxiety to improve their animals:
they “always choose the larger and stronger males for stock
the Malakolo were much pleased at Livingstone’s promise to
send them a bull, and some Bakalolo carried a live cock all the
way from Loanda into the interior® Further south on the
same continent, Andersson states that he has known a Damara,
give two fine oxen for a dog which struck his fancy. The
Damaras take great delight in having whole droves of cattle of
the same colour, and they prize their oxen in proportion to the
size of their homs. “The Namaquas have a perfect mania for
“ a uniform team ; and almost all the people of Southern Africa
“value their cattle next to their women, and take a pride in
« possessing animals that look high-bred.” “ They rarely or
“ never make use of a handsome animal as a beast of burden.”®
The power of diserimination which these savages possess is
wonderful, and they can recognise to which tribe any cattle
belong. Mr. Andersson farther informs me that the natives
frequently match a particular bull with a particular cow,

Lhe most curions case of selection by semi-civilised people, or
indeed by any people, which I have found recorded; is that
given by Garcilazo de la Vega, a descendant of the Tncas, as
having been practised in Peru before the country was subjugated
by the Spaniards® The Tncas annually held great hunts, when
all the wild animals were driven from an immenso circuit to a
central point. The beasts of prey were first destroyed as inju-
tious, The wild Guanacos and Vieunas were sheared; the old
males and females killed, and the others set at liberty. The
various kinds of deer were examined ; the old males and females

** Livingstone’s *First Travels,” pp.  # Andersson’s *Travels in South
191, 489, 565: ses ixpodition to Africa,’ pp, 252, 315, 519,
tle Zambes) 1865, p. 495, for an @ D, Vayasseur, in “Bull. do In
thilogous caso rospecting a good breed  Soo, d'Acclimat., tom. viil, 1861, pr
of gouts, 156,
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wero likewise killed; “but the young females, with a certain
number of males, selected from the most beautiful and strong,”
wero given their frecdom. Here, then, we have selection by
man aiding natural selection. So that the Tneas followed
exactly the reverse system of that which our Scottish sportsmen
are accused of following, namely, of steadily killing the finest
stags, thus causing the whole race to degenerate.” In regard
to the domesticated llamas and alpacas, they were separated
in the time of the Incas according to colour; and if by chance
one in a flock was born of the wrong colour, it was eventually
put into another flock.

In the genus Auchenia there are four forms,—the Guanaco and
Vicuna, found wild and undoubtedly distinct species; the Llama
and Alpaca, known only in a domesticated condition. Thess
four animals appear so different, that most professed naturalists,
especially those who have studied these animals in their native
country, maintain that they are specifically distinct, notwith-
standing that no one pretends to have seen a wild llama or
alpaca.  Mr. Ledger, however, who has closely studied theso
animals both in Peru and during their exportation to Australia,
and who has made many experiments on  their propagation,
adduces arguments® which seem to me conclusive, that the
1lama is the domesticated descendant of the guanaco, and the
alpaca of the vicuna. And now that we know that these
animals many centuries ago were systematically bred and
selected, there is nothing surprising in the great amount of
change which they have undergone.

0 me at one time probable that, though ancient
ed people might have attended to the improve-
ment of their more useful animals in essential points, yet that
they would have  disregarded unimportant characters.  But
human nature is the same throughout the world : fashion every-
where reigns supreme, and man is apt to value whatever he
may chance to possess. We have seen that in South America
the niata cattle, which certainly are not made useful by their
shortened faces and upturned nostrils, have been preserved
The Damaras of South Africa value their cattle for uniformi

41 <The Natural History of Dee Side,’ 1855, p. 476.
@ ¢ Bull, de Ia Soc. d’Acclimat,,” tom. vii, 1860, p. 457.
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of colour and enormously long horns, The Mongolians value
their yaks for their white tails. And I shall now show that
there 'is hardly any peculiarity in our most useful animals
which, from fashion, superstition, or some oﬁh‘er motive, has not
been valued, and consequently preserved.  With respect to cattle,
«an early record,” according to Youatt, speaks of a hundred
« white cows with red ears being demanded as a compensation
1y tho princes of North and South Wales. If the cattle woro
«of a dark or black colour, 150 were to be presented.” So that
colour was_attended to in Wales before its subjugation by
England. In Central Africa, an ox that beats the ground with
its tail is killed ; and in South Africa some of the Damaras will
not eat the flesh of a spotted ox. The Kaffirs value an animal
with & musical voice ; and “at o sale in British Kaffraria the
“low of a heifer excited so much admiration that a sharp com-
“ petition sprung up for her possession, and she realised a
“ considerable price.” With respect to sheep, the Chinese
prefer rams without horns ; the Tartars prefer them with
spirally wound horns, because the hornless are thought to lose
courage.” Some of the Damaras will not eat the flesh of horn-
less sheep. In regard to horses, at the end of the fifteenth
century animals of the colour deseribed as liart pommé wers
most valued in France. The Arabs have a proverb, “Never
buy a horse with four white feet, for he carries his shroud with
him ;"¢ the Arabs also, as we have scen, despise dun-coloured
horses. 8o with dogs, Xenophon and others at an ancient
period were prejudioed in favour of certain colours; and  white
or slate-coloured hunting dogs were not esteemed.”

"urning to poultry, the old Roman gourmands thought that
the liver of a white goose was the most savoury. Tn Paragusy
black-skimed fowls are kept because they aro thought to bo
more productive, and their flesh the most proper for invalids®
In Guiana, as T am informed by Sir R, Schomburgl, the
aborigines will not eat the flesh or eggs of the fowl, but two

© « Cattle, p. 48, esuits), 1786, tom. xi. p. 57

© Livingstone's Travels, p, oe; o e Pp:A7, 50,

Andersson, * Lake Ngumi, 1858, 7 Col. Hamilton Smith, Dogs,
K “Nat, Lib,’ 103,
3

With respect to the salo in
o *Quarterly Review,” 1860, . 139,
* Mémoire sur les Chinois” (by th  tom,
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. Vol x.
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races are kept distinct merely for orament. Tn the Philippines,
10 less than nine sub-varieties of the game cock are kept and
named, so that they must be separately bred.

At the present time in Europe, the smallest peculiarities are
carefully attended to in our most useful animals, either from
fashion, or as a mark of purity of blood. Many examples could
be given, two will suffice. “In the Western counties of England
 the projudice against a white pig is nearly as strong as agaiust
« g black one in Yorkshire.” In one of the Berkshire sub-breeds,
it is said, * the white should be confined to-four white feot,
« g white spot between the eyes, and a few white hairs behind
« each shoulder.” Mr. Saddler possessed « three hundred pigs,
« every one of which was marked in this manner”® Marshall,
towards the close of the last century, in speaking of a change
in one of the Yorkshire breeds of cattle, says the horns have
been considerably modified, as “a clean, small, sharp horn has
been fashionable for the last twenty years”™ In a part of
Germany the cattle of the Race do Gfochl are valued for many
good qualities, but they must have horns of a particular eurva-
ture and tint, so much so that mechanical means are applied if
they take a wrong direction; but the inhabitants « consider it
“ of the highest importance that the nostrils of the bull should
“be flesh-coloured, and the eyelashes light ; this is an indis-
« pensable condition. A calf with blue nostrils would not be
« purchased, or purchased at a very low price.”™ Therefore let
no man say that any point or character is too trifling to be
methodically attended to and selected by breeders.

Unconseious Selection.—By this term T mean, as already more
than once explained, the preservation by man of the most valued,
and the destruction of the least valued individuals, without
any conscious intention on his part of altering the breed. Tt is
difficult to offer direct proofs of the results which follow from
this kind of selection ; but the indirect evidence is abundant.
Tn fact, except that in the one case man acts intentionally, and
in the other unintentionally, there is little difference between

® Sidney's edit. of Yountt, 1860, pp. 24, 25.

 +Rural Eeonomy of Yorkshire, vol, ii. p. 162.
71 Moll ¢t Gayot, *Du Bocut, 1860, p. 547.
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methodical and unconscious selection. In both cases man pre-
serves the animals which are most usefal or pleasing to him,
and destroys or neglects the others. But no doubt a far more
rapid result follows from methodical than from unconscious
selection. The “roguing” of plants by gardeners, and the
destruction by law in Henry VIIL's reign of all under-sized
‘mares, are instances of a process the reverse of selection in the
ordinary sense of the word, but leading to the same general
result. The influence of the destruction of individuals having
& particular character is well shown by the necessity of killing
every lamb with a trace of black about it, in order to keep the
flock white; or again, by the effects on the average height of
the men of France of the destructive wars of Napoleon, by
which many tall men were killed, the short ones being left to
be the fathers of families. This at least is the conclusion of
those who have closely studied the subject of the conscription ;
and it is certain that since Napoleon’s time the standard for
the army has been lowered two or threo times.

Unconscious selection so blends into methodical that it is
scarcely possible to separate them. When a fancier long ago
first happened to notice a pigeon with an unusually short beak,
or one with the tail-feathers unusually developed, although
he bred from these birds with the distinet intention of propa-
gating the variety, yet he could not have intended to make a
short-faced tumbler or a fantail, and was far from knowing that
he had made the first step towards this end. If he could have
seen the final result, he would have been struck with astonish-
ment, but, from what we know of the habits of fanciers, probably
not with admiration. Our English carriers, barbs, and short-
faced tumblers have been greatly modified in the same manner,
as we may infer both from the historical evidence given in
the chapters on the Pigeon, and from the comparison of birds
brought from distant countries,

So it has been with dogs; our present fox-hounds differ from
the old English hound; our greyhounds have become lighter;
the wolf-dog, which belonged to the greyhound class, has become
extinet; the Scotch deer-hound has been modified, and is now
rare. Our bulldogs differ from those which were formerly used
for baiting bulls. Our pointers and Newfoundlands do not

»
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closely resemble any native dog now found in the countries
whence they were brought. These changes have been effoctod.
partly by crosses; but in every case the result has been
governed by the strictest seloction. Nevertheless there is no
reason to suppose that man intentionally and methodically
made the breeds exactly what they now are. As our horses
became flecter, and the country more cultivated and smoother,
fleeter fox-hounds were desired and produced, but probably
without any one distinetly foreseeing what they would become,
Our pointers and setters, the latter almost certainly descended
from large spanicls, have been greatly modified in accordance
with fashion and the desire for increased speed. Wolves have
become extinet, deer have become rarer, bulls are no longer
baited, and the corresponding breeds of the dog have answered
to the change. But we may feel almost sure that when, for
instance, bulls were no longer baited, no man said to himself, T
will now breed my dogs of smaller size, and thus create the
prosent race. As circumstances changed, men unconsciously
and slowly modified their course of selection.

With race-horses selection for swiftness has been followed
methodically, and our horses can now easily beat their pro-
genitors, The increased size and different appearance of the
English race-horse led a good observer in India to ask, « Could
any one in this year of 1856, looking at our race-horses,
conceive that they were the result of the union of the Arab
horse and the African mare?” This change has, it is probable,
been largely effected through unconscious selection, that is, by
the general wish to breed as fine horses as possible in each
generation, combined with training and high feeding, but
without any intention to give to them their present appearance.
According to Youatt,” the introduction in Oliver Cromwells
time of three celebrated Eastern stallions speedily affected the
English breed; “so that Lord Harleigh, one of the old school,
complained that the great horse was Sfast disappearing.” This
is an excellent proof how carefully selection must b
attended to; for without such care, all traces of so small an
infusion of Eastern blood would soon have been absorbed and

7 The India Sporting Beven; vol. . p. 1615 T Sted Frm, by el .55
“The Horse, p, 2

Danwin Online: By permission of the Trustees of the MNatural History Museuridlondant



Cinap XX, UNCONSCIOUS SELECTION. 213

lost. Notwithstanding that the climate of England has never
been esteemed particularly favourable to the horse, yet long-
continued selection, both methodical and unconscious, together
with that practised by the Arabs during a still longer and earlier
period, has ended in giving us the best breed of horses in the world.
Macaulay ™ remarks, “Two men whose authority on such
« subjects was held in great esteem, the Duke of Neweastle and
“8ir John Fenwick, pronounced that the meanest hack ever
“ imported from Tangier would produce a finer progeny than
“could be expected from the best sire of our native breed.
“They would not readily have believed that a time would
“come when the princes and nobles of neighbouring lands
“ would be as eager to obtain horses from England as ever the
“ English had been to obtain horses from Barbary.”

The London dray-horse, which differs so much in appearance
from any natural species, and which from its size has so
astonished many Eastem princes, was probably formed by the
heaviest and most powerful animals having been selected
during many generations in Flanders and England, but without
the least intention or expectation of creating a horse such as
we now see. If we go back to an early period of history, we
behold in the antique Greek statues, as Schaaffhausen has
remarked, ™ a horse equally unlike a race or dray horse, and dif-
fering from any existing breed.

The results of unconscious selection, in an early stage, are
well shown in the difference between the flocks descended from
the same stock, but separately reared by careful breeders.
Youatt gives an excellent instance of this fact in the sheep
belonging to Messrs. Buckley and Burgess, which “have been
“ purely bred from the original stock of Mr. Bakewell for
“upwards of fifty yoars. There is not a suspicion existing in
“the mind of any one at all acquainted with the subject that
“the owner of either flock has deviated in any one instance
“from the pure blood of Mr. Bakewell’s flock; yet the differ-
“ence between the sheep possessed by these two gentlemen
“is so great, that they have the appearance of being quite
“ different varieties”™ I have seen several analogous and well-

i 7 “History of England, vol. i. p. 316,
7 “Ueber Bestindigkeit der Arien, 7 Youatt on Sheep, p. 315,
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marked cases with pigeons: for instance, I had a family of
barbs, descended from those long bred by Sir J. Sebright, and
another family long bred by another fancier, and the two
families plainly differed from each ofher. Nathusius—and g
more competent, witness could not e cited—obsorves that,
though the Shorthoms are remarkably uniform in appearance
(except in colouring), yet that the individual character anq
wishes of each breeder become impressed on his eattle, so tht
different herds differ slightly from each other.™ The Hereford
cattle assumed their present well-marked character soon after
the year 1769, through careful selection by Mr. Tomkins™ and
the breed has lately split into two strains—one strain having
a white face, and differing slightly, it is said,” in some other
points; but there is no reason to believe that this split, the
origin of which is unknown, was intentionally made; it may with
much more probability be attributed to different breeders having
attended to different points. So again, the Berkshire breed of
swino in the year 1810 had greatly changed from what it had
been in 1780; and since 1810 at least two distinct sub-breeds
have borne this same name.* When we bear in mind how
rapidly all animals increase, and that some must be anually
slaughtered and some saved for breeding, then, if the same
breeder during a long course of years deliberately settles which
shall be saved and which shall be killed, it is almost inevitable
that his individual frame of mind will influence the character
of his stock, without his having had any intention to modify
the breed or form a new strain.

Unconscious selection in the strictest sense of the word, that
is, the saving of the more useful animals and the negleet or
slaughter of the less useful, without any thought of the future,
must have gone on occasionally from the remotest period and
amongst the most barbarous nations. Savages often suffer from
famines, and are sometimes expelled by war from their own
homes. In such cases it can hardly be doubted that they
would save their most useful animals. When the Fuegians

i1 Ueber Shorthorn Rindvieh,’ 1857, | 7 ¢Quarterly Review,” 1849, p. 392.
551 % H. von Nathusius, * Vorstudien
schidel, 1864, 5. 140.

7 Tow, *Domesticated Animals,

» Sehy
1845, p. 363.
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are hard pressed by want, they kill their old women for food
rather than their dogs; for, as we were assured, “ old women no
use—dogs cateh ofters” The same sound sense would surely
lead them to preserve their more useful dogs when still harder
pressed by famine. Mr. Oldfield, who has seen so much of the
aborigines of Australia, informs me that “ they are all very
glad to get a Furopean kangaroo dog, and several instances
Tave been known of the father killing his own infant that the
mother might suckle the much-prized puppy.” Different kinds
of dogs would bo useful to the Australian for hunting opossums
and kangaroos, and to the Fuegian for catching fish and otters ;
and the occasional preservation in the two countries of the most
useful animals would ultimately lead to the formation of two
widely distinet breeds.

With plants, from the earliest dawn of civilisation, the best
variety which at each period was known would generally have
been cultivated and its seeds occasionally sown; so that there
will have been somo selection from an extremely remote
period, but without any prefixed standard of excellenco or
thought of the future. Weat the present day profit by a course
of selection occasionally and unconsciously carried on during
thousands of years. This is proved in an interesting manner
by Oswald Heer's researches on the lake-inhabitants of Switzer-
land, as given in a former chapter; for e shows that the grain
and seed of our present varieties of wheat, batley, oats, peas,
beans, lentils, and poppy, exceed in size those which were culti-
vated in Switzerland during the Neolithic and Bronze periods.
Theso ancient people, during the Neolithic period, possessed also
a erab considerably larger than that now growing wild on the
Jura# The pears described by Pliny were evidently extremely
inferior in quality to our present pears.  We can realise the effects
of long-continued selection and culfivation in another way, for
wouldany one in his senses expect to raise a first-rate apple from
the seed of a_truly wild crab, or a luscious melting pear from
the wild pear? Alphonse De Candolle informs me that he has
lately seen on an ancient mosaic at Rome a representation of

 See also Dr. Obist, in * Ritmeyer’s Piiblbanten,’ 1561, & 226,
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the melon ; and as the Romans, who were such gourmands, ars
silent on this fruit, he infers that the melon has been greatly
ameliorated since the classical period.

Coming to later times, Buffon,® on comparing the flovers,
fruit, and vegefables which were then cultivated, with somg
excellent drawings made @ hundred and fifty yoars previously,
was struck with surprise at the great improvement which had
been effected; and remarks that these ancient flowers and
vegotables would now be rejected, not only by a flrist but by
a village gardener. Since the time of Buffon the work of
improvement has steadily and rapidly gone on. Every floris;
who compares our present flowers with those figured in books
published not long since, is astonished at the change. A well-
known amateur,” in speaking of the varicties of Pelargonium
raised by Mr. Garth only twenty-two years before, remarks,
 what o rage they excited : surely wo had attained perfection,
“it was said; and now nof one of the flowers of those days
“will be looked at. But none the less is the debt of gratitude
“ which we owe to those who saw what was to be done, and did
“it.” Mr. Paul, the well-known horticulturist, in writing of the
same flower,% says he remembers when young being delighted
with the portraits in Sweet’s work;  but what are they in point
« of beauty compared with the Pelargoniums of this day? Hers
“ again nature did not advanco by leaps; the improvement
“was gradual, and, if we had meglected those very gradual
“ advances, we must have foregone the present grand results.”
How well this practical horticulturist appreciates and illustrates
the gradual and accumulative force of selection! The Dahlis
has advanced in beauty in a like manner; the line of improve-
ment being guided by fashion, and by the successive modifica-
tions which the flower slowly underwent.® A steady and gradual
change has been noticed in many other flowers: thus an old
florist,* after describing the leading varieties of the Pink which
were grown in 1813, adds, “ the pinks of those days would now
“be scarcely grown as border-flowers.” The improvement of
The passage is given ‘Bull. Soc. % Seo Mr. Wildman's address o the
climat,’ 1858, p. 11. Floricult. Soc,, in *Gardener’s Chio-
* Jounal of Horticulture,’ 1862, p.  nicle, 1843, p. 86.
304, " Journal of Hortioulture, Ock.
1 ¢ Gardener's Chronicle, 1857, p. 83.  24th, 1865, p. 239,

@Ac
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<o many flowers and the mumber of the varieties which have
boen raised is all the more striking when we hear that the
carliest known flower-garden in Europe, namely at Padua, dates
only from the year 1545.5

Effects of Selection, as shown by the parts most valued by man.
presenting the greatest amount of Difference.—The power of long-
‘continued selection, whether methodical or unconscious, or both
combined, is well shown in a general way, namely, by the
comparison of the differences between the varieties of distinct
species, which are valued for different parts, such as for the
leaves, or stems, or tubers, the seed, or fruit, or flowers. What-
ever part man values most, that part will be found to present the
greatest amount of difference. With trees cultivated for their
fruit, Sageret remarks that the fruit is larger than in the parent-
species, whilst with those cultivated for the seed, as with nuts,
walnuts, almonds, chesnuts, &c., it is the seed itself which is
larger; and he accounts for this fact by the fruitin the one case,
and by the seed in the other, having been carefully attended to
and selected during many ages. Gallesio has made the same
observation. Godron insists on the diversity of the tuber in
the potato, of the bulb in the onion, and of the fruit in the
melon; and on the closo similarity in these same plants of
the other parts

Tn order to judge how far my own impression on this subject
was correct, I cultivated numerous varieties of the same species
close to each other. The comparison of the amount of dif-
ference between widely different organs is necessarily vague ;
I vill therefore give the results in only a few cases. We have
previously seen in the ninth chapter how greatly the varicties
of the cabbage differ in their foliage and stems, which are the
selected parts, and how closely they resemble each other in their
flowers, capsules, and seeds. In seven varietics of the radish,
the roots differed greatly in colour and shape, but no difference

¥ Prescott’s *Hist. of Mexieo,’ vol. 63, 67, 70, In my tenth and eleventh
i p. 01, clupters T have i on tho

= Sagoret, * Pomologi Sotslos and T can confim similar ro
gique,” 1850, p. 47; ‘marks with respect to the onion, T Lave
lso shown how far Naudin concurs
in regand to the varieties of the melon.
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whatever could be detected in their foliage, flowers, or seeds,
Now what a contrast is presented, if we compare the flowers of
the varieties of these two plants with those of any species culti-
vated in our flower-gardens for omament; or if we comparo
their seeds with those of the varieties of maize, peas, beans, &e.,
which are valued and cultivated for their seeds. Iu the ninth
chapter it was shown that the varieties of the pea differ but
little except in the tallness of the plant, moderately in the shape
of the pod, and greafly in the pea itself, and these aro all selected
points. The varieties, however, of the Pois sans parchemin
differ much more in their pods, and these are eaten and valued.
T cultivated twelve varieties of the common bean; one alone,
the Darf Fan, differed considerably in general appearance;
two differed in the colour of their flowers, one being an albino,
and the other being wholly instead of partially purple; several
differed considerably in the shape and size of the pod, but far
more in the bean itself, and this is the valued and selected part.
Toker’s bean, for instance, is twice-and-a-half as long and broad
as the horse-bean, and is much thinner and of a different shape.

The varieties of the gooseberry, as formerly deseribed, differ
much in their fruit, but hardly perceptibly in their flowers or
organs of vegetation. With the plum, the differences likewiso
appear to be greater in the fruit than in the flowers or leaves.
On the other hand, the seed of the strawberry, which corre-
sponds with the fruit of the plum, differs hardly at all ; whilst
every one knows how greatly the fruit—that is, the enlarged
receptacle—differs in the several varieties. In apples, pears,
and peaches the flowers and leaves differ considerably, but not,
as far as T can judge, in proportion with the fruit. The Chinese
double-flowering peaches, on the other hand, show that varieties
of this tree have been formed, which differ more in the flower
than in fruit. If, as is highly probable, the peach is the modi-
fied descendant of the almond, a surprising amount of change
has been effected in the same species, in the fleshy covering of
the former and in the kernels of the latter.

When parts stand in such close relation to each other as the
fleshy covering of the fruit (whatever its homological nature may
be) and the seed, when one part is modified, so generally is the
other, but by no means necessarily in the same degree. With
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the plum-tree, for instance, some varieties produce plums which
are nearly alike, but include stones extremely dissimilar in
shape ; whilst conversely other varieties produce dissimilar fruit
with barely distinguishable stones; and generally the stones,
though they have never been subjected to selection, differ greatly
in the several varieties of the plum. In other cases organs
which are not manifestly related, through some unknown bond
vary together, and are consequently liable, without any inten-
tion on man’s part, to be simultancously acted on by selection.
Thus the varieties of the stock (Matthiola) have been selected
solely for the beauty of their flowers, but the seeds differ
greafly in colour and somowhat in size. Varietics of the
Jettuce have been selected solely on account of their leaves,
yet produce seeds which likewise differ in colour. Generally,
through the law of correlation, when a varioty differs greatly
from its fellow-varieties in any one character, it differs to a
certain extent in several other characters. I observed this fact
when I cultivated together many varieties of the same species,
for T used first to make a list of the varieties which differed
most from each other in their foliage and manner of growth,
afterwards of those that differed most in their flowers, then in
their seed-capsules, and lastly in their mature seed ; and I found
that the same names gemerally occurred in two, three, or four
of the successive lists. Nevertheless the greatest amount of
difference between the varieties was always exhibited, as far as
T could judge, by that part or organ for which the plant was
cultivated.

When we bear in mind that each plant was at first ‘cultivated
because useful to man, and that its variation was a subsequent,
often a long subsequent, event, we cannot explain the greater
amount of diversity in the valuable parts by supposing that
species endowed with an especial tendency to vary in any
particular manner, were originally chosen. We must attribute
the result to the vaviations in these parts having been succes-
sively preserved, and thus continually augmented ; whilst other
variations, excopting such as inevitably appeared through corre-
Iation, were neglected and lost. Hence we may infer that most
plants might be made, throngh long-continued selection, to
yield races as different from each other in amy character
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as they now are in those parts for which they are valued and
cultivated.

With animals we see something of the same kind; but they
have mot been domesticated in suflicient mmber or yielded
sufficient varieties for a fair comparison. Sheep are valued for
their wool, and the wool differs much more in the several races
than the hair in cattle. Neither sheep, goats, European cattle,
nor pigs are valued for their flectness or strength; and we dq
ot possess breeds differing in these respects like the race-horse
and dray-horse. But fleetness and strength are valued in
camels and dogs; and we have with the former the swift dro.
medary and heavy camel ; with the latter the greyhound and
mastiff. But dogs are valued even in a higher degree for their
mental qualities and senses and every one knows how greatly
the races differ in these respects. On the other hand, where the
dogis valued solely to serve for food, as in the Polynesian islands
and China, it is deseribed as an extremely stupid animal®
Blumenbach remarks that “many dogs, such as the badger-
“dog, have a build so marked and so appropriate for particalar
« purposes, that I should find it very difficult to persuade myselt
“that this astonishing figuro was an accidental consequence of
“degeneration.”® But had Blumenbach reflected on the great
principle of selection, he would not have used the term degene-
ration, and he would not have been astonished that dogs and
other animals should become excellently adapted for the service
of man.

On the whole we may conclude that whatever part or cha-
racter is most valued—whether the leaves, stems, tubers, bulbs,
flowers, fruit, or seed of plants, or the size, strength, fleetness,
hairy covering, or intellect of animals—that character will almost
invariably be found to present the greatest amount of difference
both in kind and degree. And this result may be safely attributed
to man having preserved during 1 long course of generations the
variations which were useful to him, and neglected the others.

1 will conclude this chapter by some remarks on an im-
portant subject. » With animals such as the girafle, of which

 Godron, * De P Espice;” tom.
® ¢The Anthropalogieal Trea

27
of Blumenbach, 1865, p. 202
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the whole structure is admirably co-ordinated for certain pur-
poses, it has been supposed that all the parts must have been
simultaneously modified; and it has been argued that, on the
principle of natural selection, this is scarcely possible. But in
thus arguing, it has been tacitly assumed that the variations must
have been abrupt and great. No doubt, if the neck of a ruminant
were suddenly to become greatly elongated, the fore limbs and
back would have to be simultaneously strengthened and modified ;
but it cannot be denied that an animal might have its neck, or
Liead, or tongue, or fore-limbs clongated a very little without
any corresponding modification in other parts of the body ; and
animals thus slightly modified would, during a dearth, have a
slight advantage, and b enabled to browse on higher twigs, and
thus survive. A fow mouthfuls more or less every day would
make all the difference between life and death. By the repeti-
tion of the same process, and by the occasional intercrossing
of the survivors, there would be some progress, slow and fluc-
tuating though it would be, towards the admirably co-ordinated
structure of the giraffe. If the short-faced tumbler-pigeon, with
its small conical beak, globular head, rounded body, short wings,
and small feet—characters which appear all in harmony—had
been a natural species, its whole structure would have been
viewed as well fitted for its life ; but in this case we know that
inexperienced breeders are urged to attend to point after point,
and not to attempt improving the whole structure at the same
time. Look at the greyhound, that perfect image of grace,
symmetry, and vigour ; no natural species can boast of a more
admirably co-ordinated structure, with its tapering lead, slim
body, deep chest, tucked-up abdomen, rat-like tail, and long
muscular limbs, all adapted for extreme fleetness, and for
running down weak prey. Now, from what we see of the
variability of animals, and from what we know of the method
which different men follow in improving their stock—some chiefly
attending to one point, others to another point, others again
correcting defects by crosses, and so forth—we may feel assured
that if we could see the long line of ancestors of a firstrate
greyhound, up to its wild wolf-like progenitor, we should behold
an infinite number of the finest gradations, sometimes in one
character and sometimes in another, but all leading towards our
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present perfect type. By small and doubtful steps such as these,
nature, as we may confidently believe, has progressed on her
grand march of improvement and development,

A similar line of reasoning is as applicable to separate organs
as to the whole organisation. A writer® has recently maintained
that “it is probably no exaggeration to suppose that, in order to
“improve such an organ as the eye at all, it must be improved
“in ten different ways at once. And the improbability of any
“complex organ being produced and brought o perfection in
“any such way is an improbability of the same kind and degree
“as that of producing a poem or a mathematical demonstration
by throwing letters at random on a table” If the eye vere
abruptly and greatly modified, no doubt many parts would have
to be simultaneously altered, in order that the organ should
remain serviceable.

But is this the case with smaller chnnrves ?  There are
persons who can seo distinctly only in a dull light, and this
condition depends, I believe, on the abnormal sensitiveness of
the retina, and is known to be inherited. Now, if a bird, for
instance, received some great advantage from secing well in
the twilight, all the individuals with the most sensitive retina
would succeed best and be the most likely to survive; and why
should not all those which happened to have the eye itself a
littlelarger, or the pupil capable of greater dilatation, be likewise
preserved, whether or not these modifications were strictly simul-
taneous ? These individuals would subsequently intercross and
blend their respective advantages. By such slight successive
changes, the cye of a diurnal bird would bo brought into the
condition of that of an owl, which has often been advanced as
an excellent instance of adaptation. Short-sight, which is often
inherited, permits a person to seo distinetlya minute object at 50
near a distance that it would be indistinet to ordinary eyes; and
Liere we have a capacity which might be serviceable under cer-
tain_ conditions, abruptly gained. The Fuegians on board the

1 Mr. J, J. Murphy in his opening
address fo the Belfust Nat. Hist. Soc.,
as given in the Belfust Northern Whig,
Nov. 1, 1866. Mr. Murphy here fol-
lows tho line of argument aguinst my
views previously and more cautiously

given by the Rev. C. Pritchard, Pres.
TRoyal Astronomical Soe. in his sermon
(Appendix, p. 33) preached beforo the
British  Association at Noftingham,
1866.
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Beagle could certainly see distant objects more distinctly than
our sailors with all their long practices I do not know whether
this depends on nervous sensitivencss or on the power of
adjustment in the foeus; but this capacity for distant vision
might, it is probuble, be slightly angmented by successive modi-
fications of cither kind. Amphibious animals, which are enabled
to seo both in the water and in the air, require and possess, as
M. Plateau has shown, eyes constructed on the following plan :
“the cornea is always flat, or at least much flattened in front of
“the crystalline and over a space equal to the diameter of that
“lens, whilst the lateral portions may be much curved” The
erystalline is very nearly a sphere, and the humours have nearly
the same density as water. Now, as a terrestrial animal lowly
became more and more aquatic in its habits, very slight changes,
first in the curvature of the cornea or erystalline, and then in
the density of the humours, or conversely, might successively
oceur, and would be advantageous to the animal whilst under
water, without serious detriment toits power of vision in the air.
It is of course impossible to conjecture by what steps the fun-
damental structure of the eye in the Vertebrata was originally
acquired, for wo know absolutely nothing about this organ in
the first progenitors of the class. With respect to the lowest
animals in the scale, the transitional states through which the
eye at first probably passed, can by the aid of analogy be indi-
cated, as [ have attempted to show in my ¢ Origin of Spocies.®

" On the Vision of Fishes and Amphibia, translated in * Annals and Mag, of
Nat. Hist, vol. xviti., 1806, p. 469, % Fourth ediion, 1865, p. 215.
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CHAPTER XXIL

SELECTION, continued.

NATURAL SELECTION AS AFFECTING DOMESTIO PRODUCTIONS — CHARACTERS Wiicw
APPEAR OF THIFLING VALUE OFTEX OF IFAL INPORTANCE — CIRCUMSTANCES
0 SELECTION BY MAN — FACILITY IN PREVENTING CHOSSES, AND

rRoEN ox oF
DS TO DISTINCTNESS 1N OUR DOMESTIC RACES — LIMIT TO THE TOWER OF
X — LATSE OF TINE IMPORTANT — MANNER 1N WHICH DOMESTIO RACES
TAVE ORIGINATED — SUMMARY.

Natural Selection, or the Survival of the Fittest, as affecting
domestio productions—WE know little on this head. But as
animals kept by savages have to provide their own food,
cither entirely or to a large extent, throughout the year, it
can hardly be doubted that, in different countries, varieties dif-
fering in constitution and in various characters would succeed
best, and so be naturally selected. Hence perhaps it is that the
few domesticated animals kept by savages partake, as has beer
remarked by more than one writer, of the wild appearance of
their masters, and likewise resemble natural species. Even in
long-civilised countries, at least in the wilder parts, natural
selection must act on our domestic races. Itis obvious that
varieties, having very different habits, constitution, and strue-
ture, would succeed best on mountains and on rich Towland
pastures.  For example, the improved Leicester sheep were
formerly taken to the Lammermuir Hills; but an intelligent
sheep-master reported that “our coarse lean pastures were
“unequal to the task of supporting such heavy-bodied sheep;
“and they gradually dwindled away into less and less bulk:
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« cach generation was inferior to the preceding one; and when
<the spring was severe, seldom more than two-thirds of the
«lambs. survived the ravages of the storms.”' So with the
mountain cattle of North Wales and the Hebrides, it has been
found that they could not withstand being crossed with the Juger
and more delicate lowland breeds. Two French naturalists, in
describing the horses of Circassia, remark that, subjected as
they are to extreme vicissitudes of climate, having to search
for scanty pasture, and exposed to constant danger from wolves,
the strongest and most vigorous alone survive.?

Every one must have been struck with the surpassing grace,
strength, and vigour of the Game-cock, with its bold and con-
fident, air, its long, yet firm neck, compact body, powerful and
closely pressed wings, muscular thighs, strong beak massive at
the base, dense and sharp spurs set low on the legs for
delivering the fatal blow, and its compact, glassy, and mail-like
plumage serving as a defence. Now the English game-cock has
not only been improved during many years by man’s careful
selection, but in addition, as Mr. Tegetmeier has remarked,? by
a kind of natural selection, for the strongest, most active and
courageous birds have stricken down their antagonists in the
cockpit, generation after generation, and have subsequently
served as the progenitors of their kind.

Tn Great Britain, in former times, almost every district had
its own breed of cattle and sheep; they were indigenous to
“the soil, climate, and pasturage of the locality on which they
“grazed : they seemed to have been formed for it and by it.”*
But in this case we are quite unable to disentangle the effects
of the direct action of the conditions of life,—of use or habit—of
natural selection—and of that kind of selection which we have
seen is oceasionally and unconsciously followed by man even
during the rudest periods of history.

Let us now look to the action of natural selection on special
characters. ~ Although nature is difficult to resist, yet man often
strives against her power, and sometimes, as we shall see, with

* Quoted by Youatt on Sheep, p. fuges, in *Bull, Soe. Acclimat,’ fom.
525, oo also Youatt n Cattle pp 03, vits 1801, ot

# “The Poultry Book,’ 1866, p. 123.
ML Licrbetto aud Do Quatre: 4 Youatt on Shecp, 1 312,
VoL, 11,
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success. From the facts to be given, it will also be seen that
natural selection would powerfully affect many of our domestio
productions if left unprotected. This is a point of much
interest, for we thus learn that differences apparently of very
slight importance would certainly determine the survival of
a form when forced to struggle for its own existence. Tt may
have occurred to some naturalists, as it formerly did to me,
that, though selection acting under natural conditions would
determino the structure of all important organs, yet that it
could not affect characters which are esteemed by us of little
importance; but this is an error to which we are eminently
liable, from our ignorance of what characters are of real value
to each living creature.

‘When man attempts to breed an animal with some serions
defect in structure, or in the mutual relation of parts, he will
cither partially or completely fail, or encounter much difficulty ;
and this is in fact a form of natural selection. We have
seen that the attempt was once made in Yorkshire to breed
cattle with enormous buttocks, but the cows perished so often
in bringing forth their calves, that the attempt had to be given
up. In rearing short-faced tumblers, Mr. Eaton says? “I am
“ convinced that better head and beak birds have perished in
“the shell than ever were hatched ; the reason being that the
« amazingly short-faced bird cannot reach and break the shell
“with its beak, and so perishes” Here is a more curious case,
in which natural selection comes into play only at long intervals
of time: during ordinary seasons the Niata cattle can graze os
well as others, but occasionally, as from 1827 to 1830, the plains
of La Plata suffer from long-continued droughts and the pasture
is burnt up ; at such times common cattle and horses perish by
the thousand, but many survive by browsing on twigs, reeds, &.;
this the Niata cattle cannot so well effect from their uptumed
jaws and the shape of their lips; consequently, if not attended
to, they perish before the other cattle. In Colombia, accord-
ing to Roulin, there is a breed of nearly hairless cattle, called
Pelones; these succeed in their native hot district, but are found
too tender for the Cordillera; in this case, natural selection

# “Treatise on the Almond Tambler, 1851, p. 33.
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determines only the rango of the variety. It is obvious that a
Thost of artificial races could never survive in a state of nature;
—such as Ttalian greyhounds,—hairless and almost toothless
Turkish dogs,—fantail pigeons, which cannot fly well against a
strong wind,~barbs with their vision impeded by their eye-
wattle,—Polish fowls with their vision impeded by their great
topknots,—hornless bulls and rams which consequently cannot
cope with other males, and thus have a poor chance of leaving
offspring—seedless plants, and many other such cases.

Colour is generally esteemed by the systematic naturalist as
unimportant : let us, therefore, see how far it indirectly affects
our domestic productions, and how far it would affect them if
they were left exposed to the full force of natural selection. In
a future chapter I shall have to show that constitutional pecu-
Tiarities of the strangest kind, entailing liability to the action
of certain poisons, are correlated with the colour of the skin.
1 will here give a single case, on the high authority of Professor
Wyman; he informs me that, being surprised at all the pigs in
a part of Virginia being black, he made inquiries, and ascer-
tained that these animals feed on the roots of the Lachnanthes
tinctoria, which colours their bones pink, and, excepting in the
case of the black varieties, causes the hoofs to drop off. ~Hence,
as one of the squatters remarked, “we select the black members
of the litter for raising, as they alono have a good chance of
living” So that here we have artificial and natural selection
working hand in hand. T may add that in the Tarentino the
inhabitants keep black sheep alone, becauso the Hypsricum
crispum abounds there; and this plant does not injure black
sheep, but kills the white ones in about a fortnight’s time.*

omplexion, and liability to certain diseases, are believed

to run together in man and the lover animals, Thus white
terriers suffer more than terriers of any other colour from tho.
fatal Distemper.” In North America plum-trees are liable to
a disease which Downing® believes is not caused by insects;
the kinds bearing purple fruit are most affected, “and we have
“never known the green or yellow fruited varieties infected
© Dr. Heusinger, ‘ Wochenschrift fiir

die Heilkunde,” Berlin, 1846, 5, 279,
7 Yountt on the Dog, p. 252,

® “Tho Fruit-trees of America, 1845,
2270 for peaches, p. 466,

Q2

Darwin Online: Bv permission of the Trustees of the Hatural History Museun (Londor)



228 SELECTION. Cirar, XXI,

«until the other sorts had first become filled with the knots”
On the other hand, peaches in North America suffer much
from a disease called the yellows, which seems to be peculiar
to that continent, and “more than nine-tenths of the vietims,
«when the discase first appeared, were the yellow-fleshed
«peaches. The white-fleshed  kinds are much more rarely
«attacked ; in some parts of the country never.” Tn Mauritius,
the white sugar-canes have of late years been so severely
attacked by a disease, that many planters have been compelled
to give up growing this variety (although fresh plants wero
imported from China for trial), and cultivate only red canes?
Now, if these plants had been forced to struggle with other
competing plants and enemics, there cannot be a doubt that the
colour of the flesh or skin of the fruit, unimportant as these
characters are considered, would have rigorously determined their
existence.

Liability to the attacks of parasites is also connected with
colour. It appears that white chickens are certainly more sub-
ject than dark-coloured chickens to the gapes, which is caused
by a parasitic worm in the trachea’® ~On the other hand,
experience has shown that in France the caterpillars which
produce white cocoons resist the deadly fungus better than
those producing yellow cocoons®  Analogous facts have been
observed with plants: a new and beantiful white onion, imported
from France, though planted closo to ofher kinds, was alone
attacked by o parasitic fungus*  White verbenas are especially
Tible to mildew.* Near Malaga, during an early period of the
vine-disease, the green sorts suffered most ; “and red and black
grapes, even when interwoven with the sick plants, suffered not
at all”. Tn France wholo groups of varieties were compara-
tively free, and others, such as the Chasselas, did not afford a
single fortunate exception; but I do not know. whether any
correlation between colour and liability to disease was hero
observed In a former chapter it was shown how curionsly
liable one variety of the strawberry is to mildew.

9 Proc, Hoyal Soc. of Arts and  **¢Gardener’s Chronicle, 1831, p. 595.
Seiences of Mauritius,” 1852, p. exxxv. 15 « Journal of Horticulture,” 1862, p-
ardener’s Clironicle,’ 1856, p. 379, 476,

1 Quatrefages, * Maladies Actuelles ¥ * Gardener’s Chronicle,’ 185, PP
du Ver i Soie,’ 1859, pp. 12, 214, 435, 691.
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Cuse.

1t is certain that insects regulate in many cases the range
and even the existence of the higher animals, whilst living
under their natural conditions. Under domestication light-
coloured animals suffer most: in Thuringia  the inhabitants do
not like grey, white, or pale cattle, because they are much more
troubled by various kinds of flies than the brown, red, or black
cattle,  An Albino negro, it has been remarked,” was peculiarly
consitive to the bites of insects. In the West Indies'” it is
said that “the only horned cattle fit for work are those which
“lave a good deal of black in them. The white ate terribly
«tormented by the inseots; and they are weals and sluggish in
proportion to the white.”

Tn Devonshiro there s a prejudice against white pigs, because
it is belioved that the sun blisters them when turned out;™ and
T knew a man who would not keep white pigs in Kent, for the
same reason, The scorching of flowers by the sun seems like-
wiso to dopend much on colours thus, dark pelargoniums suffer
most ; and from various accounts it is clear that the cloth-of-gold
varioty will not withstand a degree of exposure to sunshine
which other varieties enjoy. Another amateur asserts that not
only all dark-coloured verbenas, but likewise scarlets, suffer
from the sun; “the paler kinds stand better, and pale blue is
perhaps the best of all” So again with the heartscase (Viola
tricolor) ; hot weather suits the blotched sorts, whilst it destroys
the beautiful markings of some other kinds® ~During one
extremely cold season in Holland all red-flowered hyacinths
were observed to be very inferior in quality. Tt is belioved
Dy many agriculturists that red wheat is hardier in northern
climates than white wheat

With animals, white varieties from being conspicuous aro the
most liable to be attacked by beasts and birds of prey. In
parts of France and Germany where hawks abound, persons are
advised not to keep white pigeons ; for, as Parmentier says, it

1 « Bochstein, * Naturgesch, Deutschi-

. 5. 310,

24

3 ournal of Horticulture, 182, pp.

*Phys, Hist. of Man- 476, 498; 1865, p. 400. With respec
P. 2. o the heartsease, *Gardener's Chro-

Journal of Residence  nicle;

! *Home wd Col.

"Des Jucinthes, do Teur Culture,”
1. 85: on wheat, *Gardencr's
G, p. 635,

Library,’ . 100,
™ Sidney's edit. of Youstt on the
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is certain that in a flock the white always first fall victims to
the kite.” In Belgium, where so many societies have been esta-
Dlished for the flight of carrier-pigeons, white is tho one colour
which for the same reason is disliked On the other hand, it
is said that the sea-eagle (Fuleo ossifragus, Linn.) on the west
coast of Ireland picks out the black fowls, so that « the vil.
lagers avoid as much as possible rearing birds of that colour,”
M. Daudin® speaking of white rabbits kept in warrens in
Russia, remarks that their colour is a great disadvantage, as
they are thus more exposed to attack, and can be seen during
‘bright nights from a distance. A gentleman in Kent, who failed
to stock his woods with a nearly white and hardy kind of rabbit,
accounted in the same manner for their early disappearance.
Any one who will watch a white cat prowling after her prey
will soon perceive under what a disadvantage she lies.

The white Tartariun cherry, “owing cither to its colour being
50 much like that of the leaves, or to the fruit always appearing
from a distance wnripe,” s not so readily attacked by birds
as other sorts. The yellow-fruited raspberry, which generally
comes nearly true by seed, “is very little molested by birds,
who evidently are not fond of it; so that nets may be dispensed
with in places where nothing else will protect the red fruit.”s
This immunity, though a benefit to the gardener, would be a
disadvantage i a state of nature both to the cherry and
Taspberry, as their dissemination depends on birds. I noticed
during several winters that some trees of the yellow-berried
holly, which were raised from seed from a wild tree found by
my father, remained covered with fruit, whilst not a scarlet
berry could be seen on the adjoining trees of the. common kind.
A friend informs me that a mountain-ash (Pyrus aucupari)
growing in his garden bears berries which, though not differently
coloured, are always devoured by birds before those on the other
trees. This variety of the mountain-ash would thus be more
freely disseminated, and the yellow-berried variety of the holly
Tess freely, than the common varieties of these two trees.

=W, B. Tegetmeier, ‘The Field, vil, 1860, p. 359,
Feb. 25,1865, With respect fo black 3 * Transact,
fowls, see a quotation in Thompsow's series, 1855, p.
*Nat, Hist. of Ireland,’ 1849,v0L. i.p. 2. see * Gard. Chronicley
* Ball. defla Soc. Acelimat,” tom, 1365, p. 245,
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Tndependently of colour, other trifling differences are some-
times found to be of importance to plants under cultivation, and
would be of paramount importance if they had to fight their
own battle and to struggle with many competitors. The thin-
shelled peas, called pois sans parchenin, are attacked by birds
much more than common peas. On the other hand, the
purple-podded pea, which as a hard shell, escaped the attacks
of tomtits (Parus major) in my garden far better than any other
kind. The thinshelled walnut likewise suffers greatly from
the tomtit* These same birds have been observed o pass over
and thus favour the filbert, destroying only the other kinds of
nuts which grew in the same orchard *

Certain varieties of the pear have soft bark, and these suffer
severely from boring wood-beetles ; whilst other varieties are
Jknown to resist their attacks much better” In North America
the smoothness, or absence of down on the fruit, makes a great
difference in the attacks of the weevil, « which is the uncom-
promising foe of all smooth stone-fruits;” and the cultivator
“has the frequent mortification of secing nearly all, or indeed
often the whole crop, fall from the trees when half or two-thirds
grown.” Hence the nectarine suffers more than the peach. A par-
ticular variety of the Morello cherry, raised in North America, is
without any assignable cause more liable to be injured by this
same insect than other cherry-trees** From some unknown eause,
the Winter Majetin apple enjoys the great advantage of not being
infested by the coccus. On the other hand, a particular case
has been recorded in which aphides confined themselves to the
Winter Nelis pear, and touched no other kind in an extensive
orchard The existence of minute glands on the leayes of
peaches, nectarines, and apricofs, would not be esteemed by
botanists as a character of the least importance, for they are
present or absent in closely-related sub-varieties, descended from
the same parent-tree; yet there is good evidence® that the

“ ¢ Ganlener’s Chronicle) 1843, p.  Awmerica,’ pp. 266, 501 : in regard to

806. tho cherry, p. 198,

Tl 1037 = < Gardener's Chronicle,’ 1849, p.

Ihid, 1860,

J. I!LJon"lu,m‘(mnl Chronicle? Journal of Hortieulture, Sept.

1860, p. 12 1. 2545 sce other references
= anmug, “Fruittrees of North given in chap. x.

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



232 SELECTION. Cuar. XXL.

absence of glands leads to mildew, which is highly injurious to
these trees.

A differenco either in flavour or in the amount of nutriment,
in certain varieties causes them to be more eagerly attacked by
various enemies than other varicties of the same species. Bull.
finches (Pyrriwda valgaris) injure our fruit-trees by devouring
the flower-buds, and a pair of these birds have been seen “fg
denudo a large plum-tree in a couple of days of almost every
bud;” but certain varicties® of the apple and tho (Crateegus
onyacantha) axe moro especially liable t0 bo attacked. A striking
instance of this was observed in Mr. Rivers's garden, in which
two rows of a particular variety of plum® had to be care-
fully protected, as they were usually stripped of all their buds
during the winter, whilst other sorts growing near them escaped.
The root (or enlarged stem) of Laing’s Swedish tumnip s pro-
ferred by hares, and therefore suffers more than other varieties.
Hares and rabbits eat down common rye before St. John's-
day-rye, when both grow together® In the South of France,
‘when an orchard of almond-trees is formed, the nuts of the bitter
variety ate sown, “in order that they may not be devoured by
field-mice ;" so0 we see the use of the bitter principle in almonds.

Other slight differences, which would be thought quite unim-
portant, are no doubt sometimes of great service both to plants
and animals. The Whitesmith's gooseberry, as formerly stated,
produces its leaves later than other varieties, and, as the flowers
are thus left unprotected, the fruit ofteu fails. In one variety
of the cherry, accoding to Mr. Rivers® the potals are much
curled backwards, and in consequence of this the stigmas were
observed to be killed by a severe frost ; whilst at the same time,
in another variety with incurved petals, the stigmas were not in
the least injured. The straw of the Fenton wheat is remark-
ably unequal in height; and a competent observer believes
that this variety is highly productive, partly because the ears,
from being distributed at various heights above the ground,

& Mr. Sclby, in ‘Mag. of Zoology % Mr. Pusey, in ‘Joumal of R.
and Botany,” Edinburgh, vol. S, Agricult. Soe.,’ vol. 79, For
P- 393, Swedish turnips, see Gard. Chron.,”

7, p. 91,

Reine Claude do Bavay, 1847, p, 91,
“Joumal of Horticulture, Dec.  Godron, Do I Expee;
1864, p. 511  *Gardoner's Chron., 1865, p. 792-
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are less crowded together. The same observer maintains that
in the upright varieties the divergent awns are serviceable by
breaking the shocks when the ears are dashed together by the
wind® If several varieties of a plant are grown together, and
the seed is indiscriminately harvested, it is clear that the
hardier and more productive kinds will, by a sort of natural
selection, gradually prevail over the others; this takes place, as
Colonel Le Couteur believes,” in our wheat-fields, for, as for-
merly shown, no variety is quite uniform in character. The
same thing, as I am assured by nurserymen, would take place
in our flower-gardens, if the seed of the different varieties were
ot separately saved. When the eggs of the wild and tame
duck are hatched together, the young wild ducks almost inva-
riably perish, from being of smaller size and mot getting their
fair share of food.*

Facts in sufficient number have now been given showing that
natural selection often checks, but occasionally favours, man’s
power of selection. These facts teach us, in addition, a valuable
lesson, namely, that we ought to be extremely cautious in
judging what characters are of importance in a state of nature
to animals and plants, which have to struggle from the hour of
their birth to that of their death for existence,—their existence
depending on conditions, about which we are profoundly ignorant.

Ciroumstances fuvourable to Selection by Man.

The possibility of selection rests on variability, and this, as
we shall see in the following chapters, mainly depends on
changed conditions of life, but is governed by infinitely comples,
and, to a great extent, unknown lavs. Domestication, even
when long continued, occasionally causes but a small amount
of variability, as in the case of the goose and turkey. The
slight differences, however, which characterise each individual
auimal and plant would in most, probably in all cases, sufice
for the production of distinct races through carcful and pro-
longed selection. We see what selection, t]mll"h acting on mere
individual differences, can effect when families of cattle, sheep,

3 Gl Gt o, . 0,
31z, Hewitt and ofhers, in* Journal of Hort, 1552, . 773
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pigeons, &, of the samo race, have been separately bred during
a number of years by different men without any wish on their
part to modify the breed. We sce the same fuct in the differ-
ence between hounds bred for hunting in different districts
and in many other such cases.

In order that selection should produce any result, it is
manifest that the crossing of distinct races must be prevented ;
hence facility in pairing, as with the pigeon, is highly favourable
for the work; and difficulty in pairing, as with cats, prevents
the formation of distinct breeds. On nearly the same principle
the cattle of the small island of Jersey have been improved in
their milking qualities “with a rapidity that could not have
been obtained in a widely extended country like France’®
Although free crossing is a danger on the one side which
every one can see, too close interbreeding is a hidden danger
on the other side. Unfavourable conditions of life overrule the
power of selection. Our improved heavy breeds of cattle and
sheep could not have been formed on mountainous pastures;
nor could dray-horses have been raised on a barren and inhos-
pitable land, such as the Falkland islands, where even the
light horses of La Plata rapidly decrease in size. Nor could
the wool of sheep have been much increased in length within
tho Tropics; yet selection has kept Merino sheep nearly true
under diversified and unfavourable conditions of life. The
power of selection is so great, that breeds of the dog, sheep, and
poultry, of the largest and least size, long and short beaked
pigeons, and other breeds with opposite characters, have had
their characteristic qualities augmented, though treated in every
way alike, being exposed to the same climate and fed on the
same food. Selection, however, is either checked or favoured
by the effects of use or habit. Our wonderfully-improved pigs
could never have been formed if they had been forced to search
for their own food; the English racchorse and greyhound could
not have been improved up to their present high standard of
excellence without constant training,

As conspicuous deviations of structure occur rarely, the

improvement of each breed is generally the result, as already

@ ¢ Encyelop. of Rural Sports," p. 40
“ Col. Lo Couteur, * Journal Roy

gricult, Soo,” val. iv. p. 43.
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Cmas

remarked, of the selection of slight individual differences.
Hcmce o closest attention, the shmpest powers of observation,
It is, also,
lughly important that many aisiTaale of thailvesd whick 59
be improved should be raised; for thus there will be a better
chance of the appearance of variations in the right direction,
and individuals varying in an unfavourable manner may be
freely rejected or destroyed. But that a large number of indi-
viduals should be raised, it is necessary that the conditions of
life should favour the propagation of the species. Had the
peacock been bred as easily as the fowl, we should probably
ere this have had many distinct races. We see the importance
of a large number of plants, from the fact of nursery garden-
ers almost always beating amateurs in the exhibition of new
varieties. In 1845 it was estimated ' that between 4000 and
5000 pelargoniums were annually raised from seed in Eng-
land, yet a decidedly improved varioty is rarely obtained.
At Messrs. Carter’s grounds, in Essex, where such flowers as
the Lobelia, Nemophila, Mignonette, &e., are grown by the
acre for seed, scarcely a season passes without some new kinds
being raised, or some improvement effected on old kinds.* At
Kew, as Mr. Beaton remarks, where many seedlings of common
plants are raised, “ you see new forms of Laburnums, Spireas,
and other shrubs”® So with animals: Marshall in speaking
of the sheep in one part of Yorkshire, remarks, «as they belong
to poor people, and are mostly in small lots, they never can
be improvc Lord Rivers, when asked how he succeeded in
always having first-rate greyhounds, answered, I breed many,
and hang many.” This, as another man remarks, « was the secret
of his success ; and the same will be found in exhibiting fowls,
—successful competitors breed largely, and keep the best.”

Tt follows from this that the capacity of breeding at an early
age and at short successive intervals, as with pigeons, rabbits,
&e, facilitates selection ; for the result is thus soon made visible,
and perseverance in the work is encouraged. It can hardly be

4 ¢ Gurdanary) Choweiole 15 gps 5  Cutiage Gaxlencr,. 10,1 00
: 4 <A Reviow of Reports,’ 1508, p.

& ¢ Joumal of Horteuliure? 1802, p. 406,
157 4 « Gardener's Ohronicle, 1853, p. 45
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accidental that the great majority of the culinary and agricul.
‘tural plants which have yielded numerous races are annuals or
biennials, which therefore are capable of rapid propagation and.
thus of improvement. Sea-kale, asparagus; common and Jerq.
salem artichokes, potatoes, and onions, alone are perennials,
Onions are propagated like annuals, and of the other plants
just specified, none, with the exception of the potato, haye
yielded more than one or two varieties. No doubt fruit-trees,
which cannot be propagated quickly by sced, havo yielded g
host, of varieties, though not permanent races; but-these, judging
from pre-historic remains, were produced at a later and moro
civilised epoch than the races of culinary and agricultural plans,

A species may be highly variable, but distinet races will not
be formed, if from any causo selection be not applied. Tho
carp is highly variable, but it would be extremely difficult to
select slight variations in fishes whilst living in their hatural state,
and distinct races have not been formed 3* on the other hand, a
closely allied species, the gold-fish from being reared in glass
or open vessels, and from having been carefully.attended to by
the Chinese, has yielded many races. Neither the bee, which
has been semidomesticated from an extremely romote period,
nor the cochineal insect, which was cultivated by the aboriginal
Mexicans, has yielded races; and it would bo impossible to
match the queen-bee with any particular drone, and most difficult
to match cochineal insects. Sill-moths, on the other hand, have
been subjected to rigorous selection, and have produced a host
of races. Cats, which from their nocturnal habits cannot be
selected for breeding, do not, as formerly remarked, yield dis-
tinct races in the samo country. The ass in England varies
much in colour and size; but it is an animal of little value,
bred by poor people ; consequently there has been no selection,
and distinet races have not been formed. We must not attribute
the inferiority of our asses to climate, for in India they are of
even smaller size than in Europe. But when selection s brought
to bear on the ass, all is changed. Near Cordova, as T am in-
formed (Feb. 1860) by Mr. W. E, Webb, C.E, they are care-
fally bred, as much as 2002 having been paid for a stallion ass,

* Tiidoro Geoffroy &, Hilaire, “Hist. Nat, Gen.,’ tom, i, p. 49. On tho
Cochincal Tnscct, p. 46.
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and they have been immensely improved. In Kentucky, asses
have been imported (for breeding mules) from Spain, Malta,
and France; these seldom averaged more than fourteen hands
“high; but the Kentuckians, by great care, have raised them
“up to fifteen hands, and sometimes even to sixteen. The prices
“paid for these splendid animals, for such they really are, will
“prove how much they are in request. One male, of great
“celebrity, was sold for upwards of one thousand pounds sterling.”
These choice asses are sent to cattle-shows, one day being given
to their exhibition.&

Analogous facts have been observed with plants: the nutmeg-
tree in the Malay archipelago is highly variable, but there has
been no selection, and there are no distinct races.* The common
mignonette (Reseda odorata), from bearing inconspieuous flowerss
valued solely for their fragrance, “remains in the same unim-
“proved condition as when first introduced.”® Our common
forest-trees are very variable, as may be seen in every extensive
nursery-ground ; but as they are not valued like fruit-trees,
and as they seed late in life, no selection has been applied to
them ; consequently, as Mr. Patrick Matthews remarks® they
have mot yielded distinct races, leafing at different periods,
growing to different sizes, and producing timber fit for different
purposes.  We have gained only some fanciful and semi-
monstrous varieties, which no doubt appeared suddenly as wo
now see them.

Some botanists have argued that plants cannot have so strong
a tendency to vary as is generally supposed, because many
species long grown in botanic gardens, or unintentionally culti-
vated year after year mingled with our corn crops, have not pro-
duced distint races ; but this is accounted for by slight varia-
tions not having been selected and propagated. Let a plant
which is now grown in a botanic garden, or any common weed,
be cultivated on a large seale, and let a sharp-sighted gardener
look out for each slight variety and sow tho seed, and then, if
distinet races are not produced, the argument will be valid.

7 Capt. Marryat, quoted by Blyth  Archipelago, vol. ii., 1848, p. 645,
in * Journ. Asiatic Soc. of Bengal vol. 4 My, Journal of Hor

culture, De
 <On N

. 1863, p. 430,
al Timber, 1831, p. 107.
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The importance of selection is likewise shown by considering
special characters. For instance, with most breeds of fols the
form of the comb and the colour of the plumage have been
attended to, and are eminently characteristic of each race;
but in Dorkings, fashion has never demanded wniformity of
comb or colour; and the utmost diversity in these respeets pre-
vails. Rose-combs, double-combs, cup-combs, &, and colours
of all kinds, may b seen in purely bred and closely related
Dorking fowls, whilst other points, such as the general form of
body, and the presence of an additional toe, have been attended
to, and are invariably present. It has also been ascertained
that colour can be fixed in this breed, as well as in any othert

During the formation or improvement; of a breed, its members
will always be found to vary much in those characters to which
especial attention is directed, and of which each slight im-
provement is eagerly sought and selected. Thus with short-faced
tumbler-pigeons, the shortness of the beak, shape of head and
plumage,—with carriers, the length of the beak and wattle—
‘with fantails, the tail and carriage,—with Spanish fowls, the white
face and comb,—with long-eared rabbits, the length of ear, ars
all points which are eminently variable. So it is in every case,
and the large price paid for first-rate animals proves the diffi-
culty of breeding them up to the highest standard of excellence.
This subject has been discussed by fanciers® and the greater
prizes given for highly improved breeds, in comparison with
those given for old breeds which are not now undergoing rapid
improvement, has been fully justified. Nathusins makes® a
similar remark when discussing the less uniform character of
lmpmveﬂ Shorthorn cattle and of the English horse, in com-
parison, for example, with the unennobled cattle of Hungary,
or with the horses of the Asiatic steppes. This want of uni-
formity in the parts which at the time are undergoing selection,
chiefly depends on the strength of the principlo of reversion;
Dut it likewise depends to a certain extent on the continued

ily,in *Tho Poultry Cbro-  cember, p. 171; 1856, January, 1P-
150 Aliovol.i. 218, 393,
8 “DiberShothom Kindic 1857

A Mr.,
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P-342; v
' < otago. Gardencr, 1885, De- s,
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variability of the parts which have recently varied. That the
same parts do continue varying in the same manner we must
admit, for, if it were not so, there could be no improvement.
beyond an early standard of excellence, and we know that such
improvement is not only possible, but is of general occurrence.

As a consequence of continued variability, and more especially
of reversion, all highly improved races, if neglected or not sub-
jected to incessant selection, soon degenerate. Youatt gives a
curious instance of this in some cattlo formerly kept in Glamor-
ganshire; but in this case the cattle were not fed with sufficient
care, M. Baker, in his memoir on the Horse, sums up: Tt
“must have been observed in the preceding pages that, when-
“ever there has been neglect, the breed has proportionally dete-
“riorated.”* If a considerable number of improved cattle, sheep,
or other animals of the same race, were allowed to breed freely
together, with no selection, but with no change in their condition
of life, there can be no doubt that after a score or hundred gene-
rations they would be very far from excellent of their kind ; but,
from what we soe of the many common races of dogs, cattle,
fowls, pigeons, &e., which without any particular care have long
retained nearly the same character, we have no grounds for
believing that they would altogether depart from their type.

Tt is a general belief amongst breeders that characters of all
kinds become fixed by long-continued inheritance. But I have
attempted to show in the fourteenth chapter that this belief
apparently resolves itself into the following proposition, namely,
that all characters whatever, whether recently acquired or an-
cient, tend to be transmitted, but that those which have already
long withstood all counteracting influences, will, as a general
rule, continue to withstand them, and consequently be faithfully
transmitted.

Tendency in Man to carry the practice of Selection to an eatreme
point.

It is an important principle that in the process of selection

man almost invariably wishes to go to an extreme point. Thus,

in usual qualities, there is no limit to his desire to breed certain

* *Tho Veterinary,' vol. 3ii. p. 720, For the Glamorganshire cattle, see Youatt
on Catle, p. 51.
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horses and dogs as flect as possible, and others as strong as
possible; certain kinds of sheep for extreme fineness, and others
for extreme length of wool ; and he wishes to produce fruit, grain,
tubers, and other useful parts of plants, as large and excellent as
possible.  With animals bred for amusement, the same principle
is even more powerful ; for fashion, as we see even in our dress,
always runs to extremes. This view has been expressly admitted
by fanciers. Instances were given in the chapters on the pigeon,
but here is another: Mr. Eaton, after describing a compara-
tively new variety, namely, the Archangel, remarks, “What
“ fanciers intend doing with this bird T am at a loss to know,
« whether they intend to breed it down to the tumbler’s head
and beak, or carry it out to the carrier’s head and beak ; leaving
«it as they found it, is not progressing.” Ferguson, speaking
of fowls, says, “ their peculiarities, whatever they may be, must
“necessarily be fully developed : a little peculiarity forms nought
“but ugliness, seeing it violates the existing laws of symmetry.”
So Mr. Brent, in discussing the merits of the sub-varieties of the
Belgian canary-bird, remarks, “ Fanciers always go to extremes;
“they do not admire indefinite properties.”*

This principle, which necessarily leads to divergence of
character, explains the presem state of various domestic races.
‘We can thus see how it is that race-horses and dray-horses,
greyhounds and mastiffs, which are opposed to each other in
every character,—how varieties so distinct as Cochin-china fowls
and bantams, or carrier-pigeons with very ‘long beaks, and
tumblers with excessively short beaks, have been derived from
the same stock.  As each breed is slowly improved, the inferior
varieties e first neglected and finally lost. In a few cases, by
the aid of old records, or from intermediate varieties still exist-
ing in countries where other fashions have prevailed, we are
enabiled partially to trace the graduated changes through which
certain breeds have passed. Selection, whether methodical or
unconscious, always tending towards an extreme point, together
with the neglect and slow extinction of the intermediate and
less-valued forms, is the key which unlocks the mystery how
man has produced such wonderful results.

. M. Eaton, ¢ A Treatiso on Fancy Pigeons,” Ferguson, on qnm and
i Poviteg 1021 Mo Brent, i Coliage Gtene Oo 160

Garwin Onlice: By permnission of the Trustees of the Natural History Museum(LondonT



Gk, XXI. CARRTED TO AN EXTREME. 241

In a few instances selection, guided by utility for a singlo
purpose, has led to convergence of character. ALl the improved
and different races of the pig, as Nathusius has well shown,?
closely approach each other in character, in their shortened legs
and muzzles, their almost hairless, large, rounded bodies, and
small tusks. We see some degree of convergence in the similar
outline of the body in well-bred cattle belonging to distinct
races T know of no other such cases.

Continued divergence of. character depends on, and is indeed
a clear proof, as previously remarked, of the same parts con-
tinuing to vary in the same direction. The tendency to mere
general variability or plasticity of organisation can cortainly be
inherited, even from one parent, as has been shown by Girtner
and Kolreuter, in the production of varying hybrids from two
species, of which one alone was variable. It is in itself probablo
that, when an organ has varied in any manner, it will again
vary in the same manner, if the conditions which first caused
the being to vary remain, as far as can be judged, the same.
This is either tacitly or expressly admitted by all horticulturists:
if a gardener observes one or two additional petals in a flower,
he feels confident that in a few generations he will be able
to raise a double flower, crowded with petals. Some of the
seedlings from the weeping Moccas oak were so prostrate that
they only crawled along the ground. A seedling from the fasti-
gate or upright Trish yew is described as differing greatly from
the parent-form “by the exaggeration of the fastigate habit of
its branches.”** Mr. Sheriff, who has been more successful
than any other man in raising new kinds of wheat, remarks, « A
good variety may safely be regarded as the forerunner of a
better one.”* A great rose-grower, Mr. Rivers, has made the
same remark with respect to roses. Sageret,” who bad- large
experience, in speaking of the future progress of fruit-trees,
observes that the most important principle is « that the more
plants have departed from their original type, the more they
tend to depart from it.” There is apparently much truth in this

 «Dio Racen des Schweines,” 1860,

"

Varidtés, 1865, p. 94,
heriff, in * Gard,

Seo some good remarks on this Chronicle,” 1858, p.
lead by M. de Quatreges, ‘Vuité do % +Pomologio Physiolog,” 1550, p.
Espéce Humaine,” 1861, p. 119, 106. 2
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remark; for we can in no other way understand the surprising
amount of difference between varieties in the parts or qualities
which are valued, whilst other parts retain nearly their original
character.

The foregoing discussion naturally leads to the question, what
is the limit to the possible amount of variation in any part
or quality, and, consequently, is there any limit to what selec-
tion can effect? Will a race-horse ever be reared flecter than
Eclipse? Can our prize-cattle and, sheep be still further im-
proved? Will a gooseherry ever weigh more than that pro-
duced by “TLondon” in 1852? Will the beet-root in France
yield a greater percentage of sugar? Wil future varieties of
wheat and other grain produce heavier crops than our present
varictios? Theso questions cannot be positively answered; but
it is certain that we ought to be cautious in answering by a
negative. In some lines of variation the limit has probably been
reached. Youatt believes that the reduction of bone in some
of our sheep has already been carried so far that it entails great
delicacy of constitution.” But secing the great improvement
within Tecent times in our cattle and sheep, and especially in
our pigs ; seeing the wonderful increase in weight in onr poultry
of all kinds during the last few years; he would be a bold man
who would assert that perfection has been reached. Eclipse
perhaps may never be beaten until all our race-horses have
been rendered swifter, through the selection of the best horses
during many generations ; and then the old Eclipse may possibly
be eclipsed ; but, as Mr. Wallace has remarked, there must be an
ultimate limit to the fleetness of every animal, whether under
nature or domestication ; and with the horse this limit has perhaps
been reached. Until our fields are better manured, it may be
impossible for a new variety of wheat to yield a heavier erop. But
in many cases those who are best qualified to judge do not believe
that the extreme point has as yet been reached even with respect
to characters which have already been carried to a high standard
of perfection. For instance, the short-faced tumbler-pigeon has
been greatly modified; nevertheless, according to Mr. Eaton,
“the field s still as open for fresh competitors as it was one
Tundred years ago.”  Over and over again it has been said that

* Yourtt on Sheep, p. 321 * A Treatise on the Aliond Tumbler, p. i

Darwin Online’ By permission of the Trustees of the Natursl History Museun (Londan



Cinar, XXI. SELECTION. 243

petfection had been attained with our flowers, but a higher
standard has soon been reached. Hardly any fruit has been more
improved than the strawberry, yet a great authority remarks,’s
“it must not be concealed that we are far from the extreme
limits at which we may arrive.”

Time is an important element in the formation of our domestio
Taces, as it permits innumerable individuals to be born, and these
when exposed to diversified conditions are rendered variable.
Methodical selection has been occasionally practised from an
ancient period to the present day, even by semi-ivilised people,
and during former times will have produced some effect. Uncon-
scious selection will have been still more effective ; for during
a lengthened period the more valuable individual animals will
occasionally have been saved, and the less valuable neglected.
In the course, also, of time, different varicties, especially in the
less civilised countries, will have been more or less modified
through natural selection. Tt is generally believed, though on
this head wo have little or no evidence, that new characters in
time become fixed ; and after having long remained fixed it
seems possiblo that under now conditions they might again bo
rendered variable,

How great the lapse of time has been since man first domes-
ticated animals and cultivated plants, we begin dimly fo see,
When the lake-buildings of Switzerland were inhabited during
the Neolithic period, several animals were already domes-
tieated and various plants cultivated. If we may judgo from
what we now see of the habits of savages, it is probable that the
men of the earlier Stono period—when many great quadrupeds
were living which are now extinet, and when the face of the
country was widely different from what it now is—possessed
at least some few domesticated animals, although their remains
have not as yet been discovered. If the scienco of langusgo
can be trusted, the art of ploughing and sowing the land was
followed, and the chief animals had been already domesticated,
at an epoch g0 immensely remote, that tho Sanskrit, Greek,
Latin, Gothic, Celtic, and Sclavonic languages had not as yet
diverged from their common parent.tongu,

% M. J. do Jonghe, in *Gard. Chron, 1858, p. 175,

“ Max Miller, *Soience of Languags, 1851, p. 225,
R 2
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It is scarcely possible to overrate the effects of selection
occasionally carried on in various ways and places during
thousands of generations. All that we know, and, in a still
stronger degree, all that we do not know," of the history of the
great majority of our breeds, even of our more modern breeds,
agrees with the view that their production, through the action
of unconscious and methodical selection, has been almost insen-
sibly slow. When a man attends rather more closely than is
usual to the breeding of his animals, he is almost sure to improve
them to a slight extent. They are in consequence valued in
his immediate neighbourhood, and are bred by others; and their
characteristic features, whatever these may be, will then slowly
but steadily be increased, sometimes by methodical and almost
always by unconscious selection. At last a strain, deserving to
be called a sub-variety, becomes a little more widely known,
receives a local name, and spreads. The spreading will have been
extremely slow during ancient and less civilised times, but now
is rapid. By the time that the new breed had assumed a some-
what distinet character, its history, hardly noticed at the time,
will have been completely forgotten for, as Low remarks®
“wo know how quickly the memory of such events is effaced.”

As soon as a new breed is thus formed, it is liable through
the same process to break up into new strains and sub-
varieties. For different varicties are suited for, and are valued
under, different circumstances. Fashion changes, but, should
a fashion last for even a moderate length of time, so strong
is the principle of inheritance, that some effect will probably
be impressed on the breed. Thus varieties go on increasing
in number, and history shows us how wonderfully they have
increased since the earliest records.” As each new variety is
produced, the earlier, intermediate, and less valuable forms will
be neglected, and perish. When a breed, from not being valued,
is kept in small numbers, its extinction almost inevitably
follows sooner or later, either from accidental causes of destrue-
tion or from close interbreeding ; and this is an event which, in
the case of well-marked breeds, excites attention. The birth or
production of a new domestic race is so slow a process that it

# Yot oo Ol o1 138, atod Anily’p. 185
1z, Beitriige aur Kulturgoschichte, 1852, s. 99 of passim.
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escapes notice ; its death or destruction is comparatively sudden,
is often recorded, and when too late sometimes regretted.

Several authors have drawn a wide distinction between arti-
ficial and natural races. The latter are more uniform in cha-
racter, possessing in a high degree the character of natural
species, and are of ancient origin. They are generally found in
less civilised countries, and have probably been largely modi-
fied by natural selection, and only to a small extent by man’s
unconscious and methodical selection. They have, also, during
a long period, been directly acted on by the physical conditions
of the countries which they inkabit. The so-called artificial
races, on the other hand, are not so uniform in character ; some
have a semi-monstrous character, such as “the wry-legged
terriers so useful in rabbit-shooting,”®® turnspit dogs, ancon
sheep, niata oxen, Polish fowls, fantail-pigeons, &e. ; their charac-
teristic features have generally been acquired suddenly, though
subsequently increased in many cases by careful selection. Other
races, which certainly must be called artificial, for they have
been largely modified by methodical selection and by crossing,
as the English race-horse, terrier-dogs, the English game-cock,
Antwerp carrier-pigeons, &e., novertheless cannot bo said to
have an unnatural appearance; and no distinct line, as it seems
to me, can be drawn between natural and artificial races.

It is not surprising that domestic races should generally
present a different aspect from natural species. Man selects
and propagates modifications solely for his own use or fancy,
and not for the creature’s own good. His attention is struck by
strongly marked modifications, which have appeared suddenly,
due to some great disturbing cause in the organisation. He
attends almost exclusively to external characters; and when ho
succeeds in modifying internal organs,—when for instance he
reduces the bones and offal, or loads the viscera with fat, or
gives early maturity, &e.—the chances are strong that he will at
the same time weaken the constitution. On the other hand,
when an animal has to struggle throughout its life with many com-
petitors and enemies, under eircumstances inconceivably complex
and liable to change, modifications of the most varied nature—
in the internal organs as well as in external characters, in the

© Blaine, ¢ Encyclop. of Rural Sports; p. 215,
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functions and mutual relations of parts—will be rigorously tested,
preserved, or rejected. Natural selection often checks man's
comparatively feeble and capricious attempts at improvement ;
and if this were not so, the result of his work, and of nature’s
waork, would be even still more different. Nevertheless, we must
ot ‘overrate the amount of difference between natural species
and domestic races; the most experienced naturalists have often
disputed whether the latter are descended from one or from
several aboriginal stocks, and this clearly shows that there is no
palpablo difference between species and races.

Domestic races propagate. their kind far more truly, and
endure for much longer periods, than most naturalists are
willing to admit. Breeders feel no doubt on this head; ask
a man who has long reared Shorfhorn or Hereford cattle,
Leicester or Southdown sheep, Spanish or Game poultry,
tumbler or carrier-pigeons, whether theso races may not have
been derived from common progenitors, and he will probably
langh you to scorn. The breeder admits that he may hope to
produce sheep with finer or longer wool and with better carcases,
or handsomer fowls, or carrier-pigeons with beaks just porcep-
tibly longer to the practised eye, and thus be suceessful at an
exhibition. Thus far he will go, but no farther. He does not
reflect on what follows from adding up during a long course of
time many, slight, successive modifications ; nor does he reflect
on the former existence of mumerous varieties, connecting the
links in each divergent line of descent. He concludes, as was
shown in the earlier chapters, that all the chief breeds to which
he has long attended ave aboriginal productions. The systematio
naturalist, on the other hand, who generally knows nothing of
the art of breeding, who does not pretend to know how and
when the several domestic races were formed, who cannot have
seen the intermediate gradations, for they do not now exist,
nevertheless feels no doubt that theso races are sprung from a
single source. But ask him whether the closely allied natural
species which he has studied may not have descended from a
common progenitor, and he in his turn will perhaps reject the
notion with scorn. Thus the naturalist and breeder may mutnally
learn a useful lesson from each other.

Summary on Selection by Man.—There can be no doubt that
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methodical selection has effected and will effect wonderful
results. Tt was occasionally practised in ancient times, and
is still practised by semi-civilised people. Characters of the
highest importance, and others of trifling value, have been
attended to, and modified. I need not here repeat what has
been so often said on the part which unconscious selection has
played : we see its power in the difference between flocks which
have been separately bred, and in the slow changes, as circum-
stances have slowly changed, which many animals have under-
gone in the same country, or when transported intoa foreign land.
We see the combined effects of methodical and unconscious selec-
tion in the great amount of difference between varieties in those
parts or qualities which are valued by man, in comparison with
those which are mot valued, and consequently have not been
attended to. Natural selection often determines man’s power
of selection. We sometimes err in imagining that characters,
which are considered as unimportant by the systematic naturalist,
could not be affected by the struggle for existence, and there—
fore be acted on by natural selection ; but striking cases have
Deen given, showing how great an error this is.

The possibility of selection coming into action rests on varia-
bility; and this is mainly caused, as we shall hereafter see, by
changes in the conditions of life. Selection is sometimes ren-
dered difficult, or even impossible, by the conditions being opposed
to the desired character or quality. It is sometimes checked by
the lessened fertility and weakened constitution which follow
from long-continued close interbreeding. That methodical selec-
tion may be successful, the closest attention and discernment,
combined with unwearied patience, are absolutely necessary ;
and these same qualities, though not indispensable, are highly
serviceable in the case of unconscious selection. It is almost
necessary that a large number of individuals should be reared ;
for thus there will be a fair chance of variations of the desired
nature arising, and every individual with the slightest blemish
or in any degree inferior may be freely rejected. Hence length
of time is an important element of success. ~Thus, also, propa-
gation at an early age and at short intervals favours the work.
Facility in pairing animals, or their inhabiting a confined area,
is advantageous as a check to free crossing. Whenever and
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wherever selection is not practised, distinet races are not formed.
‘When any one part of the body or quality is not attended
to, it remains either unchanged or varies in a fluctuating manner,
whilst at the same time other parts and other qualities may
become permanently and greatly modified. But from the ten-
dency to reversion and to continued variability, those parts or
organs which are now undergoing rapid improvement through
selection, are likewise found to vary much. Consequently
highly-bred animals, when neglected, soon degenerate; but wo
have no reason to believe that the effects of long-continued
selection would, if the conditions of life remained the same, be
soon and completely lost.

Man always tends to go to an extreme point in the selection,
whether methodical or unconscious, of all useful and pleasing
qualities. This is an important principle, as it leads to con-
tinued divergence, and in some rare cases to convergence of
character. The possibility of continued divergence rests on
the tendency in each part or organ to go on varying in the
same manner in which it has already varied; and that this
occurs, is proved by the steady and gradual improvement of
many animals and plants during lengthened periods. The prin-
ciple of divergence of character, combined with the neglect and
final extinction of all previous, less-valued, and intermediate
varieties, explains the amount of difference and the distinet-
ness of our several races. Although we may have reached the
utmost limit to which certain characters can be modified, yet
wo are far from having reached, as we have good reason to
believe, the limit in the majority of cases. Finally, from
the difference between sclection as carried on by man and by
nature, we can understand how it is that domestic races often,
though by no means always, differ in general aspect from closely
allied natural species.

Throughout this chapter and elsewhere T have spoken of
selection as the paramount power, yet its action absolutely
depends on what we in our ignorance call spontancous or acci-
dental variability. Let an architect be compelled to build an
edifice with uncut stones, fallen from a precipice. The shape
of each fragment may be called accidental; yet the shape of
each has been determined by the force of gravity, the nature
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of the rock, and the slope of the precipice,—events and circum-
stances, all of which depend on natural laws; but there is no
relation between these laws and the purpose for which each
fragment is used by the builder. In the same manner the
variations of each creature are determined by fixed and im-
mutable laws; but these bear no relation to the living struc-
ture which is slowly built up through the power of selection,
whether this be natural or artificial selection.

If our architect succeeded in rearing a noble edifice, using the
rough wedge-shaped fragments for the arches, the longer stones
for the lintels, and so forth, we should admire his skill even in
a higher degree than if he had used stones shaped for the
purpose. 80 it is with selection, whether applied by man or by
nature; for though variability is indispensably necessary, yet,
when we look at some highly complex and excellently adapted
organism, variability sinks to a quite subordinate position in
importance in comparison with selection, in the same manner as
the shape of each fragment used by our supposed architect is
unimportant in comparison with his skill.
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CHAPTER XXIL

CAUSES OF VARTABILITY.

‘VARIABILITY. DOES NOT NECSSARILY ACCOMPAX
Y VARIOUS AUTHORS — INDIVIDUAL DIFFERE:

LOSE INTERBREEDING AND THE DIAGINATION 0F TiE
MOTHER SUFPOED T0 CAUSE VARIABILITY — CROSSING AS A CAUSE OF THE AYPEAT
AXNCE OF NEW CHARACTERS —VARIABILITY FBOY-TH GLING OF CHARACTERS
AND FOM REVERSION —ON THE MANNER AND PERIOD OF ATION OF THE CAUSES
WICH BITHER DIRECTLY, OR INDIRECTLY THROUGH THE REFRODUCTIVE SYSTEM,
TNDCCE VARIABILITY.

WE will now consider, as far as we can, the causes of the
almost universal variability of our domesticated productions.
The subject is an obscure one; but it may be useful to probe
our ignorance. Some authors, for instance Dr. Prosper Lucas,
look at vaviability as a necessary contingent on reproduction,
and as much an aboriginal law, as growth or iuheritance.
Others have of late encouraged, perhaps unintentionally, this
view by speaking of inheritance and variability as equal and
antagonistic principles. Pallas maintained, and he has had
some followers, that variability depends exclusively on the
crossing of primordially distinct forms. - Other authors attri-
bute the tendency to variability to an excess of food, and with
animals to an excess relatively to the amount of exercise
taken, or again to the effects of a more genial climate, That
these causes are all offective is highly probable. But we must,
I think, take a broader view, and conclude that organic beings,
when subjected during several generations to any change what-
ever in their conditions, tend to vary; the kind of variation
which ensues depending in a far higher degree on the nature or
constitution of the being,” than on the nature of the changed
conditions.
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Those authors who believe that it is a law of nature that each
individual should differ in some slight degree from every other,
may maintain, apparently with truth, that this is the fact, not
only with all domesticated animals and cultivated plants, but
likewise with all organic beings in a state of nature. The Lap-
lander by long practice knows and gives a name to each
reindeer, though, as Linnwus remarks, “ to distinguish one from
another among such multitudes was beyond my comprehension,
for they were like ants on an ant-hill.” TIn Germany shepherds
lave won wagers by recoguising each sheep in a flock of a
hundred, which they had never seen until the previous fortnight.
This power of discrimination, however, is as nothing compared
to that which some florists have acquired. Verlot mentions a
gardener who could distinguish 150 kinds of camellia, when not
in flower; and it has been positively asserted that the famous
old Dutch florist Voorhelm, who kept above 1200 varieties of
the hyacinth, was hardly ever deceived in knowing each variety
by the bulb alone. Hence we must conclude that the bulbs of
the hyacinth and the I.mmchcs and leaves of the camellia, thounh
appearing to an d eye absolutely istis
yet really differ."

As Linnieus has compared the reindeer in number to ants, T
may add that each ant knows its fellow of the same community.
Several times I carried ants of the same species (Formica rufit)
from one ant-hill to another, inhabited apparently by tens of
thousands of ants; but the strangers were instantly detected
and killed. T then put some ants taken from a very large nest
into a bottle strongly perfumed with assafcetida, and after an
interval of twenty-four hours returned them to their home ;
they were at first threatened by their fellows, but were soon
recognised and allowed to pass. Hence each ant certainly re-
cognises, independently of odour, its fellow ; and if all the ants
of the same community have not some countersign or watch-
word, they must present to each other’s senses some distin-
tinguishable character.

! Des Jocinthes, &, Amsterdam, lated by Sir J. B Smith, vol. i p. 814,
68, p. 43; Verlot, ‘Des Variétés/ Tho statement in regard to German
& p. 8. On the reindoor, ses shepherds is g\vm on the authority of
Linnsus, *Tour in Lepland,” trans-  Dr, Weinl
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The dissimilarity of brothers or sisters of the same family,
and of seedlings from the same capsule, may be in part accounted
for by the unequal blending of the characters of the two parents,
and by the more or less complete recovery through reversion
of ancestral characters on either side; but we thus only push
the difficulty further back in time, for what made the parents
or their progenitors different? Hence the belief* that an
innate tendency to vary exists, independently of external con-
ditions, scems ‘at first sight probable. But even the seods
nurtured in the samo capsule are not subjected to absolntely
uniform conditions, as they draw their nourishment, from dif.
ferent points ; and we shall see in a future chapter that this
difference sometimes suffices greatly to affect the character of
the future plant. The less close similarity of the suceessive
children of the same family in comparison with human wins,
which often resemble each other in external appearance, mental
disposition, and itation, in so inary a manner,
apparently proves that the state of the parents at the exact
period of conception, or the nature of the subsequent embryonic
development, has a direct and powerful influence on the cha-
racter of the offspring. Nevertheless, when we reflect on the

2 Miller's * Physiology,” Eng. trans-  venait e recevoir do co fitro alors b
lation, vol. ii. p. 1662, With respect  Vienne, et qui lui derivait en et
the similarity of twins in consti- u dois avoir In
tution, Dr. William Oclo has given me tienne,  Quelquo singulier quo. occl
the fllowing extract from Professor  puisse paraitre, le fait wen est pus moins
Troussean’s Lectures (‘Cliniquo Méli- exact : on neme Ia pas aconté.jo i v,
cale; tom. . p. 528), in
recorded i

caso s

et
ma pratique. Ces deus jumeanx étaient
aussi tous denx asthmatiques, et asth-
matiques & un effroyable de

gimires do Marselle, ils

Tautre, Gette resemblanco physique iutéréts les appolaient souvent, saus
Sétendait plus loin: ils avaient, per- étro pris do lours acods; jumais iis 'en
mettez-moi. Texprosion, une similitudo  épronvad

pathologique plus remanquable eneore,

seille. Voyugeant sans cosso ot dans
i, “En tous puys pour lours alfaires, ils avaient
une  remarqué que certaines localités leur

et dtnicnt funcstes, que dans doutres ils
comme jo miétais réoric, il we montrait  ctaient exempts de fout phéomino
quelqués jours aprds uno lottre quil  dopprossion,”
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individual differences between organic beings in a state of
nature, as shown by every wild animal knowing its mate; and
when we reflect on the infinite diversity of the many varicties
of our domesticated productions, we may well bo inclined to
exclaim, though falsely as I believe, that Variability must be
looked at as an ultimate fact, necessarily contingent on repro-
duction.

Those authors who adopt this latter view would probably
deny that each separate variation has its own proper exciting
cause. Although we can seldom trace the precise relation
between cause and effect, yet the considerations presently to
be given lead to the conclusion that each modification must
have its own distinct cause. When we hear of an infant
born, for instance, with a crooked finger, a misplaced tooth,
or other slight deviation of structure, it is difficult to bring
the convietion home to the mind that such abnormal cases
are the result of fixed laws, and not of what we blindly call
accident. Under this point of view the following case, which
has been carefully examined and communicated to me by
Dr. William Ogle, is highly instructive. Two girls, born as
twing, and in all respeets extremely alike, had their little fingers
on both hands crooked; and in both children the second
bicuspid tooth in the upper jaw, of the second dentition, was
misplaced ; for these teeth, instead of standing in a line with the
others, grew from the roof of the mouth behind the first
bicuspids. Neithier the parents nor any other member of the
family had exhibited any similar peculiarity. Now, as both
theso children were affected in exactly the same manner by both
deviations of structure, the idea of accident is at once excluded ;
and we are compelled to admit that there must have existed
some precise and sufficient cause which, if it had occurred a
hundred times, would have affected a hundred children.

We will now consider the general arguments, which appear
to me to have great weight, in favour of the view that variations
of all kinds and degrees aro directly or indirectly caused by tho
conditions of life to which cach being, and moro especially its
ancestors, have been exposed,

No one doubts that domesticated productions are more variablo,
than organic beings which have never been removed from their
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natural conditions. Monstrosities graduate so insensibly into
mere variations that it is impossible to sepatate them ; and all
those who have studied monstrosities believe that they are far
commoner with domesticated than with wild animals and plants ;*
and in the case of plants, monstrosities would be equally notice-
able in the natural as in the cultivated state. Under nature,
the individuals of the same species are exposed to nearly
uniform conditions, for they are rigorously kept to their proper
places by a host of competing animals and plants; they have,
also, long been habituated to their conditions of life; but it
cannot be said that they are subject to quite uniform conditions,
and they are liable to a certain amount of variation. The cir-
cumstances under which our domestic productions are reared
are widely different: they are protected from competition; they
have not only been removed from their natural conditions and
often from their native land, but they are frequently carricd
from district to district, where they are treated differently,
so that they never remain during a considerable length of
time exposed to closely similar conditions. In conformity with
this, all our domesticated productions, with the rarest excep-
tions, vary far more than natural species. The hive-bee, which
feeds itself and follows in most respeets its natural habits of
life, is the least variable of all domesticated animals, and pro-
bably the goose is the next least variable; but even the gooso
varies more than almost any wild bird, so that it cannot be
affiliated with perfect certainty to any natural species. Hardly
a single plant can be named, which has long been cultivated
and propagated by seed, that is not Lighly variable; common
rye (Secale cereale) has afforded fewer and less marked varieties
than almost any other cultivated plant ;* but it may be doubted
whether the variations of this, the least valuable of all our
cereals, have been closely observed.

Bud-variation, which was fully discussed in a former chapter,
shows us that variability may be quite independent of seminal
reproduction, and likewise of reversion to long-lost ancestral
characters. No one will maintain that the sudden appearance

3 Tsid. Geoffroy St. Hilaire, *Hist. des Anomalies,” tom. ifi. p. 52; Moquine

Tandon, * Térntologie Végétale, 1841, p. 115.
4 Metzger, * Die Getreidearten,’ 1841, s. 39.
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of a moss-rose on a Provence-rose is a return to a former state,
for mossiness of the calyx has been observed in mo natural
species; the samo argument is applicable to variegated and
Inciniated leaves; nor can the appearance of nectarines on
peach-trees be accounted for with any probability on the
principle of reversion. But bud-variations more immediately
concern us, as they occur far more frequently on plants which
have been highly cultivated during a length of time, than
on other and less highly cultivated plants; and very few well-
marked instances have been observed with plants growing
under strietly natural conditions. I have given one instance of
an ashetree growing in o gentleman’s pleasure-grounds; and
occasionally there may be seen, on beach and other trees, twigs
leafing at a different period from the other branches. But our
forest trees in England can hardly be considered as living under
strictly natural conditions; the seedlings aro raised and pro-
tected in nursery-grounds, and must often be transplanted into
places where wild trees of tho kind would not naturally grow.
Tt would be esteemed a prodigy if a dog-rose growing in a hedge
produced by bud-variation a moss-rose, or a wild bullace or
wild cherry-tree yielded a branch bearing fruit of a different
shapo and’colour from the ordinary fruit. The prodigy would
be enhanced if these varying branches were found capable of
propagation, not only by grafts, but sometimes by seed; yet
analogous cases have oecurred with many of our highly culti-
vated trees and herbs,

Theso several considerations alone render it probable that
variability of every kind is dircctly or indirectly caused by
changed conditions of life. Or, to put the case under another
point of view, if it were possible to expose all the individuals
of & species during many generations to absolutely uniform
conditions of life, there would be no variability.

On the Nature of the Changes in the Conditions o of Life which
induce variability.
From a remote period to the present day, under climates and
circumstances as different as it is possible to conceive, organic
beings of all kinds, when domesticated or cultivated, have varied.
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We see this with the many domestic races of quadrupeds and
birds belonging to different orders, with gold-fish and silk-worms,
with plants of many kinds, raised in various quarters of the
world. In the deserts of northern Africa the date-palm has
yielded thirty-eight varieties; in the fertile plains of India it is
notorious how many varieties of rice and of a host of other
plants exist; in a single Polynesian island, twenty-four varieties
of the bread-fruit, the same number of the banana, and twenty-
two varieties of the arum, are cultivated by the natives; the
maulberry-treo in India and Buropo has yiclded many varietes
serving as food for the silkworm; and in China sixty-threo
varieties of the bamboo are used for various domestic purposes®
These facts alone, and innumerable others could be added, in-
dicate that a change of almost any kind in the conditions of lifo
suffices to cause variability—different changes acting on diffe-
rent organisms.

Andrew Knight® attributed the variation of both animals and
plants to a more abundant supply of nourishment, or to a more
favourable climate, than that natural to the species. A more
genial climate, however, is far from necessary; the kidney-
bean, which is often injured by our spring frosts, and peaches,
which require the protection of a wall, have varied much in
England, as has the orange-tree in northern Ttaly, where it is
barely able to exist? Nor can we overlook the fact, though not
immediately connected with our present subject, that the plants
and shells of the arctic regions are eminently variable® More-
over, it does not appear that a change of climate, whether more
or less genial, is one of the most potent causes of variability;
for in regard to plants Alph. De Candolle, in his ¢ Géographie

:Oon tho dutoruin, e Voo,
“Anals and Mg, of Not. Hist,
T b, 00, O Toden meiotey
D T Banilon, Toumct L, S
On the varieties cul-
rted 5 T, we . Bonnett
Loudon's “Mag. of N. Hist,’ vl
1852, p. 484, Also Ellis, ‘Folynesian
Rescarches, vol. . pp- 3 on
twenty varioties of the Pandaus and
ol s in o Mariane Lland, o
“Hookor's Miscollany,’ vol. i. p. 50
China,

On the bamboo in Pl

* Chineso Empire vol
e o G of 10
Apple? &, 1.5,
! Gallh, *Toria dla. Tpeo-
auzions Veg. p. 1
B D okt Memaie on Ario
mnmet, vl il

Bt e gher
hrity canof b quete, penks of
the Arotiomollusca in his ‘Rudimentary
Trctise, 1856, p. 335) a8 remarkubly
subject o variation.
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Botanique; repeatedly shows that the native comntry of a plant,
whero in most cases it has been longest cultivated, is that where
it has yielded the greatest number of varieties.

Tt is doubtful whether a change in the nature of the food is
a potent cause of variability.. Scarcely any domesticated animal
has varied more than the pigeon or the fowl, but their food,
especially that of highly-bred pigeons, is generally the same.
Nor ean our cattle and sheep have been subjected to any great
change in this respect. But in all these cases the food probably
is much Less varied in kind than that which was consumed by
the species in its natural state.”

Of all the causes which induce variability, excess of food,
whether or not changed in nature,is probably the most powerful,
This view was held with regard to plants by Andrew Knight, and
is now held by Schlciden, more especially in reference to the
inorganio elements of the food* Tn order to give a plant more
food it suffices in most cases to grow it separately, and thus pro-
vent other plants robbing its roots. Tt is surprising, as I have
often seen, how vigorously our common wild plants flourish when
planted by themselves, though ot in highly manured land.
Growing plants separately is, in fact, the first step in culti-
vation.  We soe the converse of the belief that excess of food
induces variability in the following statement by a great raiser
of seeds of all kinds." <t is a rule invariably with us, when
“we desire to keep a true stock of any one kind of seed, to
“ grow it on poor land without dung; but when we grow for
“ quantity, we act contrary, and sometimes have dearly to
< xepont of it.”

In the case of animals the want of a proper amount of exercise,
25 Bechstein has remarked, has perhaps played, independently
of tho direct effocts of the disuso of any particular organ, an
important part in causing variability. We can see in a vague
manner that, when the organised and nutrient fluids of the body
are not used during growth, or by the wear and tear of the tissues,

° Bechstein, in his * Naturgeschichte 1o sfre p. 16

der St 1540 955 b o v ey k. S

ool remarksonthissubject. Ho staten  Ray. Soos 1853, p. 319,

that his canary-birds varied in colour, 1 Megers, Hardy and Son, of Maldon,

though kept on uniform food. in *Gard. Chronicle, 1836, p. 48,
" “The Plant,” by Sehleiden, trans- ¢ 4 :
VoL 11, s
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they will be in excess; and as growth, nutrition, and reproduc-
tion are intimately allied processes, this superfluity might dis-
turb the due and proper action of the reproductive organs, and
consequently affect the character of the future offspring. Bug
it o bo argued that neither an excess of food nor a superfluity

ised fluids of the body necessarily induces variability.
The goose and the turkey have heen well fed for many genera-
tions, yet have varied very little. Our fruit-trees and culinary
plants, which are so variable, have been cultivated from an
ancient period, and, though they probably still receive more
nutriment than in their natural state, yet they must have
received during many generations nearly the same amount
and it might be thought that they would have become habituated
to the excess. Nevertheless, on the whole, Knight's view, that
excess of food is one of the most potent causes of variability,
appears, as far as I can judge, probable.

‘Whether or not our various cultivated plants have received
nutriment in excess, all have been exposed to changes of
various kinds. Fruit-trees are grafted on different stocks,
and grown in various soils. The seeds of culinary and agri-
cultural plants are carried from place to place; and during
the last century the rotation of our erops and the manures used
have been greatly changed.

Slight changes of treatment often suflice to induce varia-
bility. The simple fact of almost all our cultivated plants
and domesticated animals having varied in all places and at all
times, leads to this conclusion. Seeds taken from common
English forest-trees, grown under their native climate, not highly
manured or otherwise artificially treated, yield scedlings which
vary much, as may be seen in every extensive soed-bed. T
have shown in a former chapter what a number of well-marked
and singular varieties the thorn (Crategus ozyeantha) has pro-
duced; yet this tree has been subjected to hardly any culti-
vation. ~In Staffordshire I carefully examined a large number
of two British plants, namely, Geranium phazum and Pyrenaicum,
which have never been highly cultivated. These plants had
spread spontancously by seed from a common garden into an
open plantation ; and the seedlings varied in almost every single
character, both in their flowers and foliage, to a degree which
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1 have never seen exceeded; yet they could not have been
exposed to any great change in their conditions.
h respect to animals, Azara has remarked with much sur-
prise,” that, whilst the feral horses on the Pampas are always of
one of three colours, and the cattle always of a uniform colour,
yet these animals, when bred on'the unenclosed estancias, though
kept in a state which can hardly be called domesticated, and
apparently exposed to almost identically the same conditions as
when theyare foral, nevertheless displaya great diversity of colour.
So again in India several species of fresh-water fish are only so
far treated artificially, that they are reared in great tanks; but
this small change is sufficient to induce much variability.”
Somefacts on the effects of grafting, in regard to the variability
of trees, deserve attention. Cabanis asserts that when certain
pears are grafted on the quince, their seeds yield more varieties
than do the sceds of the same variety of pear when grafted on
tho wild pear:* But as the pear and quince are distinet species,
though so closely related that the one can be readily grafted
and succeeds admirably on the other, the fact of variability being
thus caused is not surprising; we are, however, here enabled
to seo the cause, namely, the different nature of the stock with
its roots and the rest of the tree. Several North American
varieties of the plum and peach are well known to reproduce
themselves truly by seed; but Downing asserts,’ * that when a.
“ graft is taken from one of these trees and placed upon another
J*stock, this grafted treo is found to lose its singular property of
“producing the same variety by seed, and becomes like all ofher
«worked trees ;"—that is, its seedlings become highly variable.
Another caso is worth giving: the Lalande variety of the
walnut-treo leafs betweon April 20th and May 15th, and its
seedlings invariably inherit the same habit; whilst soveral
other varioties of the walnut leaf in June. Now, if seedlings aro
raised from the May-leafing Lalande variety, grafted on another
May-leafing variety, though both stock and graft have the sume
ly habit of leafing, yet the scedlings leaf at various times,

Quadruides du Paraguay; 1801, 3 Quotod by Sageret, “Pom. Phys,”
tom. i p. 319. 1830, p. 43. d
¥ MClelland on Tndinn Oyprinidm, 15 *Tho Fruits of America, 1845,
“Asiatio Researches,” vol. Xix. part ii, p.5.

1839, pp. 266, 268, 315

82
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even as late as the 5th of June® Such facts as these are well
fitted to show, on what obseure and slight causes variability
Tests,

T may here just allude to th appearance of new and valuable varietios
of fruit-trees and of wheat in woods and waste places, which at first sight
seems a most anomalous cireumstance. In France a considerable number
of the best pears have been discovered in woods; and this s oceurred
50 frequently, that Poitean asserts that “ improved varieties of our culti-
vated fruits rarely originate with nurserymen In England, on the
other hand, no_instance of a good pear having been found wild has been
rocorded; and Mr. Rivers informs mo that he knows of only one instance
‘with apples, namely, the Bess Poole, which was discovered in a wood in
Nottinghamshire. This difference betwoen the two countrics m
in part accounted for by the more favourablo climate of France, but
chiefly from the great number of seedlings which spring up thero in the
woods. T infer that this is the case from a remark made by a French
gardener® who regards it as o national calamity that such a number of
pear-trees are periodically cut down for firewood, beforo they have borno
fruit. The new varieties which thus spring up in the woods, though they
cannot have reccived any excess of nutriment, will have been exposed to
abraptly changed conditions, but whother this is the cause of heir pro-
duction is vory doubiful. These variotios, however, aro probably all
descended * from old cultivated kinds growing in adjoining orchards,—a
cireumstanco which will account for their variability; and out of a vast
number of varying trees thero will always be a good chance of the appear-
ance of a valuable kind. Tn North America, whero fruit-trecs frequently
spring up in waste places, the Washington pear was found in a hedge,
and the Emperor peach in a wood ®
With respect to wheat, some writers have spoken® as if it were an ordi-
nary event for new varieties to be found in waste places; the Fenton wheat
was certainly discovered growing on a pile of basaltic defritus in a quarry,
i ituation the plant would p 4 sufficient amount

E

butin sucl

1849,

2 M. Cardan, in *Comptes Rendus,’ 8 Duval, “Hist. du Poi
Dec. 1848, quoted in * Gard, Chronicle,”  p. 2.
1849, p. 101. ¥ 1 infor that this is tho fuct fom
¥ M. Alexie Jordan mentions four Van Mons' statement (* Arbres Frui-
excellent pears found in woods in tiers, 1835, fom. i p. 445) that ho finds
France, and alludes to others (‘Mém. in the woods scedlings resembiing all
Acud. do Lyon,’ tom. ii. 1852, p. 159).  the chief cultivated ruces of both the
remark is quoted in* Gar-  poar and apple. Van Mons, however,
dener’s Mag.’ vol. i, 182 Tooked at these wild varicties as abo-
Seo *Gard. Chroniclo,’ 156; riginal specics. :
for another case of a new varicty of the ® Downing, *Fruittrecs of North
‘pear found in a hodgo in Fran America,’ p. 422; Foley, in * Transact.
for another case, see Loudon's Ency-  Hort, Soe,’ vol. ¥i. p.
clop.of Ganening, p. 901. Mr. Rivers 2 * Gard. Chronicle; 1847, p. 244.
Bas given mo similar information.
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of nutriment. The Chidham wheat was raised from an car found on o
hedge; and Hunter's wheat was discovered by the roadsido in Scotland,
but it is not said that this latter variety grew where it was found,2

Whether our domestic productions would ever become 8o com-
pletely habituated to the conditions under which they now live,
us to_cease varying, we have no suflicient means for judging,
But, in fact, our domestic productions are never exposed for a
great length of time to uniform conditions, and it is certain that
our most anciently cultivated plants, as well as animals, still go
on varying, for all have recently undergone marked improve-
ment. Insome few cases, however, plants have become habituated
to new conditions. Thus Metzger, who cultivated in Germany
during many years numerous varieties of wheat, brought from
different countries, states that some kinds were at first extremely
variable, but gradually, in one instance after an interval of twenty-
five years, became constant; and it does not appear that this
resulted from the selection of the more constant forms,

On the Accumulative Action of changed Conditions of Life—
‘We have good grounds for believing that the influence of changed
conditions accumulates, so that no effect is produced on a species
until it has been exposed during several generations to continued
cultivation or domestication. Universal experience shows us
that when new fowers are first introduced into our gardens they
do not vary ; but ultimately all, with the rarest exceptions, vary
toa greater or less extent.  In a few cases the roquisite number
of generations, as well as the successive steps in the progress of
variation, have been recorded, as in the often-quoted instance of
tho Dablin* After several years'culture the Zinnia has only lately
(1860) begun to vary in any great degree. In the first seven or
eight yeursof high cultivation the Swan River daisy (Braclycone
« dberidifolia) kept to its original colour; it then varied into lilac.
«and purple and other minor shades.”®  Analogous fucts have
been recorded with the Seotch rose, Tn discussing the variability
of plants several experienced hortioulturists have spoken to the

Gardener's Chronicle,! 1841, p.
853; 1850, p. 700; 1854, p. 65 1
o, 100 Getreidearten,” 1843, 5. 66, % ¢Journal of Hortiulture? 1861, i

116, 117. 112; on Zinnia, * Gardener's Chronicle,’
* Sabine, in *Hort. Transect,’ vol. 1800, p. 835,

Sii. p. 225; Broun, * Geschichto der
Natur, b i 5. 119.
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same general effect. Mr. Salter® remarks, « Every one knows
« that the chief difficulty is in breaking through the original form
« and colour of the species, and every one will be on the look-out
“for any natural sport, either from ‘seed or branch; that being
« once obtained, however trifling the change may be, the result
« depends upon himself” M. de Jonghe, who has had so much
success in Taising new varieties of pears and strawberries,” ro-
‘marks with respect to the former, Thoro is another principle,
“ namely, that the more a type has entered into a state of variation,
“ the greater is its tendency to continue doing so; and the more
it has varied from the otiginal type, the more it is disposed to
“ vary still farther.” We have, indeed, already discussed this
Iatter point when treating of the power which man possesses,
through selection, of continually augmenting in the same direc-
tion each modification; for this power depends on continued
variability of the same general kind. The most celebrated hor-
ticulturist in France, namely, Vilmorin® even maintains that,
when any particular variation is desired, the first step is to
get the plant to vary in any manner whatever, and to go on
selecting the most variable individuals, even though they vary
in the wrong direction; for the fixed character of the species
being once broken, the desired variation will sooner or later
appear.

As nearly all our animals were domesticated at an extremely
remote epoch, we cannot, of course, say whether they varied
quickly or slowly when first subjected to new conditions. But
Dr. Bachman® states that he has seen turkeys raised from
the eggs of the wild species lose their metallic tints and become
spotted with white in the third generation. Mr. Yarrell many
years ago informed me that the wild ducks bred on the ponds
in St. James's Park, which had never been crossed, as it is be-
lioved, with domestic ducks, lost their true plumage after &
few generations. An excellent observer,” who has often reared
birds from the eggs of the wild duck, and who took precautions

 «Thio Chrysanthemun, its History, ~ &c., 1865, p. 25.
&, 1865, p. 5. ¢ Examination of tho Chaructcris-
ties of Genera and Species * Charleston,

omatal Korhcu.ll\lrc, Mnyﬂ Fises 1855, p. 14.
7 9¢ © Mr. Hewitt, ‘Journal of Hort,
=Gt by Verlot, ‘Des Variéiés) 1863, p. 5.
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that there should be no crossing with domestic breeds, has
given, as previously stated, full details on the changes which they
gradually undergo, Hefound that he could not breed these wild
ducks true for more than five or six generations,  as they then
« proved so much less beautiful. The white collar round the neck
“ of the mallard became much broader and more irregular, and
“ white feathers appeared in the ducklings’ wings.” They in-
creased also in size of body theirlegs became less fine, and they
lost their clegant carriage. Fresh eggs were then procured
from wild birds; but again the ssme result followed. In theso
cases of the duck and turkey we see that animals, like plants,
do not depart from their primitive type until they have been
subjected during several generations to domestication. On
the other hand, Mr. Yarrell informed me that the Australian
dingos, bred in the Zoological Gardens, almost invariably pro-
duced in the first generation puppies marked with white and
other colours; but these introduced dingos had probably been
procured from the natives, who keep them in a semi-domesticated
state. It is certainly a remarkable fact that changed conditions
should at first produce, as far as we can see, absolutely no effect;
but that they should subsequently cause the character of the
species to change. In the chapter on pangenesis I shall
attempt to throw a little light on this fact.

Returning now to the causes which are supposed to induce
iability. Some authors® believe that close interbreeding
cy, and leads to the production of monstrosities.
In the seventeenth chapter some few facts wero advanced,
showing that monstrosities are, as it appears, occasionally thus
caused; and there can be no doubt that close interbreeding
induces lessened fertility and a weakened constitution; hence it
may lead to variability : but I have not sufficient evidence on
this head. On the other hand, close interbreeding, if not car-
ried to an injurious extreme, far from causing variability, tends
to fix the character of each breed.

It was formerly a common belief, still held by somo per-
sons, that the imagination of the mother affects the child in

3 Dovay, *Mariages Consanguins’ pp. 97, 125, Tn conversfion T &
o or thres naturalists of the same opinion. i i
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the womb.® This view is evidently not applicable to the lower
amimals, which Iny unimpregnated eggs, or to plants. Dr. William
Hunter, in the last century, told my father that during many
years every woman in a large London Lying-in Hospital was
asked before her confinement, whether anything had specially
affected her mind, and the answer was written down; and it s
happened that in no one instance could a coincidence be do.
tected between the woman's answer and any abnormal structure;
but when she knew the nature of the structure, she fl'cquemly
suggested some fresh cause. Tho belief in the power of the
mother’s imagination may perhaps have arisen from the children
of a second marriage resembling the prvious father, as certainly
sometimes ocours, in- accordance with the facts given in the
eleventh chapter.

Crossing as a Cause of Variability.—In an carly part of this
chapter it was stated that Pallas® and a few other naturalists
maintain that variability is wholly due to crossing. If this means
that new characters never spontancously appear in our domestic
races, but that they are all directly derived from certain aboriginal
species, the doctrine is little loss than absurd; for it implies
that animals like Ttalian greyhounds, pug-dogs, bull-dogs, pouter
and fantail pigeons, &e., were able to exist in a state of nature,
But the doctrine may mean something widely different, namely,
that the crossing of distinct species is the sole cause of the first
appearance of new characters, and that without this aid man could
not have formed his various breeds. As, however, new characters
have appeared in cortain cases by bud-variation, we may conelude
with certainty that crossing is not necessary for variability. Itis
moreover, almost certain thatthe breeds of various animals, such as
of the rabbit, pigeon, duck, &c., and the varieties of several plants,
are the modified descendants of a single wild species. Neverthe-
less, it is probable that the crossing of two forms, when one or
Doth have long been domesticated or cultivated, adds to the varia-
bility of tho offspring, independently of the commingling of the
characters derived from the two parent-forms; and this implies

= Miiller has conclusively argued p, 1402

aguinst this belief, ‘Elements of @ ¢ Act, Acad. St. Petersburg, 1750,
Phys,” Eng. translat,, vol. il, 1842,  partii. p. 84, &e.
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that new characters actually arise. But we must not forget the
fucts advanced in the thirteenth chapter, which clearly prove that
the act of crossing often leads to the reappearance or reversion
of long-lost characters; and in most cases it would be impossible
to distinguish between the reappearance of ancient characters
and the first appearance of new characters. Practically, whether
new or old, they would be new to the breed in which they
reappeared.

Giirtner declares and his experience is of the highest value on such a
poin, that, when he crossod native plants which had not been eultivated,
e never once saw in the offspring any new character; but that from the
odd manner in which the characters derived from the parents wera com-
bined, they sometimes appeared as if new. When, on the other hand, Lo
crossed cultivated plants, he admits that new characters occasionally
appeared, but he is strongly inclined to atiribute their appearanco to
ordinary variability, not in any way to tho cross. An opposite conclusion,
however, appears to_me the more probable. According to Kolreuter,
hybrids in the genus Mirabilis vary almost infinitely, and he describes now
and singular characters in the form of the sceds, in the colour of the anthers,
in the cofyledons being of immense size, in now and highly peeuliar odours,
in the flowers expanding early in the season, and in their closing at night,
With respect to one lot of these hybrids, ho remarks that they presented
characters exactly the reverso of what might have been expected from their
parentago

Prof. Lecoq * speaks strongly fo tho same effect in regard to this same
genus, and asserts that many of the hybrids from Mirabités jalapa and
multiflora might easily be mistaken for distinct species, and adds that they
differed in a greater degree, than the other specics of the gonus, from .
jutapa. Herbert, also, has described 7 the offspring from a hybrid Rho-
dodendron as being “as unlike all ofhers in folinge, as if they had been &
“ saparato spocics.”  The common experience of floriculturists proves that
the crossing and. recrossing of distinct but allied plants, such as the
species of Petunia, Calceolaria, Fuchsia, Verbena, e, induces excessivo
variability; hence the appearance of quite new characters is probable, M.
Carridro® s lntoly discussed this subject: ho states that Zrythring oris-
tagalli had been multipliod by seed for many years, but had not yilded
any varictios : it was then crossed with the allied £, Jerbacea, and « tho
“ resistan W overcome, and varieties Were produced with flowers
« of extremely different size, form, and colour,”

From the general and apparently well-founded belief that the crossing

 ¢Bastandorzengung; . 249, 265, % ‘Do la Féeondation; 1562, p. 311,
& ¢ Amaryllidacea,’ 1837, p. 361
“Nova Acta, St. Petersburg,' 1704, % Abstracted i ¢ Gard, Ohroniele,
p.578; 1795, pp. 507, 313, 816} 1787, 1860, p. 101, -
p. 407,
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of distinct specics, besides commingling their characters, adds greatly fo
their variability, it has probably arisen that some botanists have gone so
far as to maintain @ that, when a genus includes only a single spocics, this
when cultivated never varies. The proposition made 5o broadly cammot
‘be admitted; but it is probably true that the variability of cultivated
monotypic genera s much less than that of genera including mume-
xous species, and. this quite independently of the effects of crossing,
T have stated in my “Origin of Species, and in a future work shall more
fully show, that the species belonging to small genera generally yield a loss
number of varietios in a state of nature than those belonging to large
genera.  Hence the species of small genera would, it is probable, produce
fower varictios under cultivation than the already variablo species of larger
geners,

Although wo havo not at present suficient evidence that the erossing
of species, which have never been cultivated, leads to the appearance of
mew characters, this apparently does oceur with species which have becn
already rendered in some degreo variablo through cultivation. Hemeo
crossing, like any other change in the conditions of life, seems to be an
clement, probably & potent one, in causing variability. But we seldom
have the means of distinguishing, as previously remarked, between the
appearance of really néw characters and the reappearance of long-lost
characters, evoked through the act of crossing. I will give an instance of
the difficulty in distinguishing such cases. The species of Datura may
be divided into two sections, thoso having white flowers with green stems,
and thoso having purple flowers with brown stems : now Naudin® crossed
Datura lavis and feror, both of which belong to the white section, and
raised from them 205 hybrids. Of these hybrids, every one had brown
stems and. boro purple flowers; so that they resembled the species of the
other scction of the genus, and not their own two parents. Naudin was so
much astonished at this fact, that he was led carcfully to obsorve both
parent-species, and he discovered that the pure seedlings of D. feror,
immediately after germination, had dark purplo stems, extending from
the young roots up to the cotylodons, and that this tint remained cver
afterwardsasa ring round the base of the stem of the plant when old. Now
1 have shown in the thirteenth chapter that the retention or exaggeration
of an early character is so intimately related to reversion, that it evidently
comes under the same principle. Hence probably we ought to look at the
purple flowers and brown stems of theso hybrids, not as new characters
due to variability, but as a return to the former state of some ancient
Pprogenitor.

Tndependently of the appearance of new characters from crossing,  few
words may be added to what has been said in former chapters on the
‘unequal combination and transmission of the characters proper to the two
parent-forms. ‘When two species or races are crossed, the offspring of

 This was the opinion of he elder 1857, p. 87, has discussed this sume
De Candolle, as quoted in * Dic. Class.  poin,

&'Hist. Nat., tom. viii. p. 405. Puvis,  # *Comples Rendus,’ Novembre 21,
in his work, ‘De la Déginération, 1864, p. 655,
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the first generation are gonerally uniform, but subsequently they display
B s fnonety of chasacter. Ho who wishes, says Kolreutor
fo obtain an endloss mumber of varieties from hybrids should cross and
Tecross them. There is also much variability when hybrids or mongrels
are reduced or absorbed by repeated crosses with either pure parent-form ;
and a still higher degre of variability when three distinct species, and most,
of all when four spocies,are blended fogether by successive crosses. Beyond
this point Giirtner, on whose authority the foregoing statements are made,
never succeeded in effecting a union; but Max Wichura & united six dis-
tinet spaics of willows into & single hybrid. The sex of the parent-species
affects in an inexplicable manner the degree of variability of hybrids;
for Giirtmer repeatedly found. that when a hybrid was used as the futher,
and either one of the pure parent-species, or a third species, was used as
the mother, the offspring were more variable than when the same hybrid
was used a4 the mother, and either pure parent or the samo third species
as the father : thus seedlings from Dianthus barbatus crossed by the hybrid
D. chinensi-barbatus were more variable than those raised from this latter
hybrid fertilised by the pure D. barbatus. Max-Wichura * insists strongly
ith his hybrid willows. Again Giirtner asserts
ity sometimes differs in hybrids raised from re-
ciprocal cxosses botween the sume two species; and hero tho solo differenco
i, that the one species is first used as the father and then as the mother.
On the wholo wo sce that, independently of the appearance of new charac-
ters, the variability of successive erossed generations is extremely complex,
partly from the offspring partaking unequally of the characters of the,two
parent-forms, and more especially from their unequal tendency to Tovert
to these same characters or to those of more ancient progenitors.

On the Manner and on the Period of Action of the Causes which
induce Variability—This is an extremely obscure subject, and
we need here only briefly consider, firstly, whether inherited
variations are caused by the organisation being directly acted
on, or indirectly through the reproductive system ; and secondly,
at what period of life or growth they are primarily caused. We
shall see in the two following chapters that various agencies,
such as an abundant supply of food, exposure to a different
climate, increased use or disuse of parts, &c, prolonged during
several generations, certainly modify either the whole organi-
sation or certain organs. This direct action of changed con-
ditions perhaps comes into play much more frequently than can
be proved, and it is at least clear that in all cases of bud-
4 <Nova Acta, St. Petersburg,' 1704, 1865, o, 04,
p. 391 4 Bagtarderzeugng; 5. 452, 507.

& Dastarderseuguog,s 507,616,572, Do Bagtardbofruchtung, s 56
© ‘Die Bstardbelruchtung; e, 4 «Bastarderzeugungy 5. 435,
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variation the action cannot have been through the reproductive
system.

 a remarkable power in causing o

mce it seems not improbable that
beings generated through a system so easily affected should themselves
be affected, or should fail fo inherit, or inherit in exeess, characters
proper to their parents. We know that certain groups of organio beings,
but with exceptions in each group, have their reproductive systems much
more easily affected by changed conditions than other groups; for in-
stance, carnivorous birds more readily than carnivorous mammals, and
parrots more readily than pigeons; and this fact harmonizes with the
apparently capricions manner and degree in which various groups of
animals and plants vary under domestication.

Kolreuter @ was struck with the parallelism between the excessive
variability of hybrids when crossed and recrossed in various ways,—
these hybrids having their reproductive powers more or less affected—
and the variability of anciently cultivated plants. Max Wichura® las
gone one step farther, and shows that with many of our highly cultivated
‘plants, such as the hyacinth, tulip, auricula, snapdragon, potato, cabbage,
&., which there is no reason to believe have been hybridized, the anthers
contain many irregular pollen-grains, in the same state as in hybrids
He finds also in certain wild forms, the same coincidence betrween the state
of the pollen and a high degree of variability, as in many species of Rubus;
but in R. cesius and ideus, which are not highly variable species, the
pollen is sound. It is also notorious that many cultivated plants, such
as the banana, pine-apple, breadfruit, and others previously mentioned,
Bave their reproductive organs so seriously affected as to be generally
quite sterile ; and when they do yield seed, the scedlings, judging from the
largo mumber of cultivated races which exist, must be variable in an
extreme degree. These facts indicato that thers is some relation between
the state of the reproductive organs and a tendency to variability; but we
must not conclude that the relation is strict. Although many of our
‘highly cultivated plants may have their pollen in a deteriorated condition,
Jet, as we have previously seen, they yield more seed, and our anciently
domesticated animals aro more prolific, than the corresponding species in
a state of nature.” The peacock is almost the only bird which is believed
to be less fertile under domestication than in its native state, and it has
varied in a remarkably small degree. From these considerations it would
seem that changes in the conditions of life lead either to sterility or to varia-
bility, or to both; and not that sterility induces variability. On the whole

likewise affect their product,—that is, the offspring thus generated.
7 Dritto Fortsetzung, &c.,1766,8.85.  Berkeloy on_the same subject, in
** ‘Die Bastardbefruchtung,’ &., *Journal of Royal Hort. Soc,’ 1805
1865, 5. 92: aee also the Rev. M. J. p.
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Cusr,

The period of life at which the canses that induce variability act, is
ject, which I i 1.

som of the cases, to be given in the following chapter, of modifications from.
the diroot action of changed conditions, whichare inherited, there can be no
doubt. that the canses have acted on the mature or nearly mature animal.
On the other hand, monstrosities, which cannot be distinctly separated
from lesser varitions, are often caused by tho embryo being injured whilst
in the mother’s womb or in the egg. Thus . Geofiroy St. Hilaire* asserts
that poor women who work hard during their pregnancy, and the mothers
of illegitimate children troubled in their minds and forced to-conceal their
state, are far moro liable to give birth to monsters than women in eas;
cireumstances. The eggs of the fowl when placed upright or ofherwiso
treated unmaturally froquently produco monstrous chickens. It would,
however, appear that complex. monstrosities are induced more froquently
during a rather lato than during a very early period of embryonic lif;
but this may partly result from some one part, which has been injured
during an early period, affecting by its abnormal growth other parts subse-
quently developed; and this would be less likely to occur with parts
red at a lnfer period™ When any part or organ becomes monstrous
through abortion, a rudiment is generally loft, and this likewiso indicates
that its development had already commenced.

Tnscets sometimes have their antennie or legs in a monstrous condition,
and yof the larv from which they are motamorphosed do not possess
either antenn o legs; and in theso cases, as Quatrefages ® holioves, we
aro enabled fo sco the preciso period at which the normal progress of deve-
lopment has been troubled. But the nature of the food given to a caterpillar
somotimes affocts the colours of the moth, without the caterpillar itself
being affected ; therefore it seems possible that other characters in the
mature insect might be indirectly modified through the larvs, Thero is
10 reason to suppose that organs which havo been rendered monstrous
Bave always boen acted on during their development ; the cause may havo
acted on the organisation at a much earlier stage. Ttis oven probable that
cither the malo or female sexual elements, or both, before their union, may
bo aflected in such a mamner as to lead to modifications in organs do-
Yeloped at a late period of lfe; in nearly the samo manner as a child may
inherit from his father a diseaso which does not appear wntil old a

In accordance with the fucts above given, which prove that in many
cases a close relation exists between variability and. the sterility following
from changod conditions, we may concludo that the excting cause often

ots at the earliest possiblo period, namely, on the sexual elements, before
impregnation has taken place. That an affoction of the femalo sexual
clement may induce variability we may likewise infor as probable from the
occurrence of bud-variations; fora bud seems to be the analogue of an ovule,
But the male element is apparently much oftener affocted by changed con-

* Dr. P. Lucas hns given a bistory 1 Tdem, ton

892, 502,
of opinion on this subjoot : Hérdd. Nat.»
5.

i p
His interesting work, * Meta-
morphoses do IHomme; &c., 1862, p.
129,

7, tom.

0 Hist.des Anomalies, tom.

P40,
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ditions, at least in a visible manner, than the female element or ovule; anq
wo Vi id used as the
father and crossed with a pure species gives a greater degree of variability
to the offspring, than docs the same hybrid when used as the mother,
Tastly, it is certain that varishility may be transmitted through either
sexual element, whether or not originally excited in them, for Kilrenter
and Giirtner® found that when two species were crossed, if either one yas
variablo, the offspring were rendered variable.

Summary.— From the facts given in this chapter, wo
may conclude that the variability of organic beings under
domestication, although so general, is not an inevitable con-
tingent on growth and reproduction, but results from the
conditions to which the parents have been exposed. Changes
of any kind in the conditions of life, even extremely slight
changes, often suffice to cause variability. Excess of nutriment
is perhaps the most officient single exciting cause. Animals
and plants continue to be variable for an immense period after
their first domestication; but the conditions to which they
are exposed never long remain quite constant. In the course of
time they can be habituated to certain changes, so as to become
less variable; and it is possible that when first domesticated
they may have been even more variable than at present.
There is good evidence that the power of changed conditions
accumulates; so that two, three, or more generations must be
exposed to new conditions before any effect is visible. The
crossing of distinet forms, which have alrcady become variable,
increases in the offspring the tendency to further variability, by
the unequal commingling of the characters of the two parents
by the reappearance of long-lost characters, and by the appear-
ance of absolutely new characters. Some variations are induced
by the direct action of the surrounding conditions on the whole
organisation, or on certain parts alone, and other variations are
induced indirectly through the reproductive system being
affected in the same manner as is so common with organic
beings when removed from their natural conditions. The causes
which induce variability act on the mature organism, on the
embryo, and, as we have good reason to believe, on both sexual
clements before impregnation has been effected.

# ¢ Dritte Forisotzung, &c., 5. 123; * Bastarderseugung, s. 240.
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CHAPTER XXIIL

DIRECT AND DEFINITE ACTION OF THE EXTERNAL CONDITIONS
LIFE.

SLIGHT MODIFICATIONS TN FLANTS FROM THE DEFINITE ACTION OF CHANGED CONDI-
NS, IN SIZF, COLOUR, CHEMICAL PROPERTIES, AND IN THE STATE OF THE TISSUES

FOOD, BTC. — PLUMAGE OF BIEDS APFEOTED DY PECULIAR NUTRIMENT, AND DY
THE INOCULATION OF POISON — LANDSHELLS — MODIFICATIONS OF ORGANTC
BELNGS IN A STATE THE DEFINITE ACTION OF

DITIONS — COMPARISON OF AMERICAN AND EUROFEAX TREES

OF PARASITIC FUNGI — CONSIDERATIONS OFFOSED To THE BELIEF 1N I POTENT

n
THE CONDITIONS — LUD-VARIATION — MONSTROSITIES PRODUCED BY USNAT
TREATMENT — SUMMARY.

Ir we ask ourselves why this or that character has been modi-
fied under domestication, we are, in most cases lost in utter
darkness. Many naturalists, especially of the French school,
attribute every modification to the “monde ambiant,” that is, to
hanged climate, with all its diversities of heat and cold, d

and dryness, light and electricity, to the nature of the soil,
and to varied kinds and amount of food. By the term definite
action, as used in this chapter, T mean an action of such & nature
that, when many individuals of the same variety are exposed
during several generations to any change in their physical
conditions of e, all, or nearly all the individuals, are modified
in the sime manner. A new sub-variety would thus be pro-
duced without the aid of seloction.

I do not include under the term of definite action the effects
of habit or of the increased use and disuse of various organs.
Modifications of this nature, no doubt, are  definitely caused by
the conditions to which the beings aro subjected ; but they de-
pend much less on the nature of the conditions than on the laws
of growth; hence they are included under a distinct head in the
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following chapter. We know, however, far too little of the
causes and laws of variation to make a sound classification,
The direct action of the conditions of life, whether leading to
definite or indefinite results, is a totally distinct consideration
from the effects of natural selection; for natural selection
depends on the survival under various and complex circum-
stances of the best-fitted individuals, but has no relation
whatever to the primary cause of any modification of structure,

T will first give in detail all the facts which I have been able to
collect, rendering it probable that climate, food, &e., have acted
5o definitely and powerfully on the organisation of our domesti-
cated productions, that they have sufficed to form new sub-
varieties or races, without the aid of selection by man or of
natural selection. T will then give the facts and considerations
opposed to this conclusion, and finally we will weigh, as firly
as we can, the evidence on both sides.

When we reflect that distinct races of almost all our domes-
ticated animals exist in each kingdom of Europe, and formerly
even in each district of England, we are at first strongly
inclined to attribute their origin to the definite action of the
physical conditions of each country; and this has been the
conclusion of many authors. But we should bear in mind
that man annually has to choose which animals shall be pre-
served for breeding, and which shall be slaughtered. We have
also seen that both methodical and unconscious selection wero
formerly practised, and are now occasionally practised by the
‘most barbarous races, to a much greater extent than might have
been anticipated. Hence it is very difficult to judge how far
the difference in conditions between, for instance, the several dis-
triets in England, could have sufficed without the aid of selection
to modify the breeds which have been reared in each. It may
bo argued that, as numerous wild animals and plants have
ranged during many ages throughout Great Britain, and still
retain the same character, the difference in conditions between
the several districts could not have modified in so marked a
manner the various native races of cattle, sheep, pigs, and
horses.  The same difficulty of distinguishing between selection
and the definite effects of the conditions of life, is encountered in
a still higher degree when we compare closely allied natural
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forms, inhabiting two countries, such as North America and
Europe, which do not diffe greatly in climate, nature of soil, &,
for in this caso natural selection will inevitably and rigorously
have acted during a long succession of ages.

From the importance of the ifficulty just alluded to, it will be advisable
to give as large a body of facts as possible, showing that extremely slight
differences in treatment, cither In difforent parts of the same country, or
during different seasons, certainly cause an appreciable effect, at least on
varieties which ate already in an unstablo condition. Ornamental fowers
aro good for this purpose, as they are highly variable, and are carcfully
observed. All floriculturists are unanimons that certain varicties aro
affected by very slight differences in the nature of the artificial compost in
which they are grown, and by the natural soil of the district, and by the
season. Thus, a skilful jodge, in writing on Carnations and Picotees,}
asks “where can Admiral Curzon bo seen possessing the colour, size, and
* strength which it has in Derbyshire? Whero can Flora's Garland bo
 found equal to those at Slough? Whero do high-coloured flowers revel
« better than at Woolwich and Birmingham? Yet in 10 two of these
« districts do the same varieties attain an equal degreo of excellonce,
« although each may be recciving the attention of the most skilful culti-
“ vators.” Tho same writer then Tecommends overy cultivator to keep
five different kinds of soil and manure, “and to endeavour to suit th
« xespectivo appetites of the plants you are dealing with, for without such
“ attontion all hope of general suceoss will bo vain” o it is with the
Dailia:* the Lady Cooper rarely suceceds near London, but does admirably
in other distriets; the reverse holds good with ofher varieties; and again,
there are others which succeed oqually well in various situations, A skilful
gardener? statos that he procured cuttings of an old and well-known
variety (pulchella) of Verbena, which from having been propagated in a
different situation presented u slightly different shade of colour; the two
varicties wero afterwards multiplied by cuttings, being carefully kept
distinct; but in the second year they could hardly bo distinguished, and
in the third year no one eould distinguish them,

"Tho nature of the season has an especial influenco on certain varioties
of the Dallia: in 1841 two varieties were pre-eminently good, and the
mext year theso same two were pre-cminently bad. A famous amatour s
asserts that in 1861 many varietics of the Roso came 50 untruo in cha
macter, hat it was hardly possiblo to recogniso them, and the thought
“ was not seldom entertained that the grow:
samo amateur states that in 186
central trusses of lowers, and theso aro remarkable from not eeping truo;

) *Gardener's Clronicle, 1853, p. 3 Mr. Robson, in *Joumnal of Hortic
183, culture, Fob, 13th, 1866, p. 122,

2 M. Wildman,  Florieultoral Soo,? 4 *Journal of Hortioulturey 1861,
b.7, 1843, reported in *Gard, Chron.” 24,
1843, . 86. § Tbid,, 18

D

P.83.
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274 DEFINITE ACTION OF THE Cuar, X011,

and he adds that in some seasons certain varietics of this plant all prove
good, and the next season all provo bad; whilst exactly the reverss
happens with other varisties. In 1845 tho cditor of the * Gardenerls
Chironiclo’* remarked how singular it was that this year many Calccolariag
tended to assume o tubular form.  With Heartscaso the blotehed sorts do
not acquire their proper character until hot weathor sots in; Whilst ofher
varieties loso their beautiful marks as soon as this occurs.

Analogous facts havo been observed with leaves: Mr. Beaton assertst
that he raised at Shrubland, during six years, twenty thousand seedlin
from the Punch Pelargonium, and not one had variegated leaves ; but af
Surbiton, in Surroy, one-third, or even a greater proportion, of the seed-
Tings from this same variety were more or less varicgated. The sail of
another district in Surrey has a strong tendency to cause variegation, as
appears from information given me by Sir F. Pollock. Verlot? states that
the variogated strawberry retains its character as long as grown in n dryish
soil, but soon loses it when planted in fresh and humid soil. Mir. Salter,
who s well known for his success in cultivating variegated plants, informs
mo that rows of strawberries wero planted in his garden in 1859, in the
usual way; and af various distances in one zow, several plants simulta-
neously became variegated, and what made the caso moro extraordinary,
all wero variegated in precisely the same munnr. Theso plants wery
removed, but during tho three succeeding years other plents in the same
Tow became variegated, and in no instance were the plants in any adjoining
Tow affocted.

Tho chemical qualities, odours, and tissues of plants aro often modifid
by a chango which seems to s slight. The Hemloek is said not to yield
conicino in Scotland. Tho oot of tho Aconitum napellus becomes imocuons
in frigid_climates. The medicinal properties of the Digitalis are easly
affected by culture. Tho Rhubarb flourishes in England, but does not
produce the medicinal substance which makes the plant so valuable in
Chineso Tartary.  As the Pistacia lentiscus grows abundantly in the South
of Fruncs, the climate must sut f but i ieds o maste The Lo
sassafras in Furope loses the odour proper to it in North America”
Many similar facts could be given, and they are remarkable o
might have been thought that definite chemical eompounds would have
‘been little liable to change either in quality or quantity.

The wood of the American Locust-tree (Robinia) when grown in England
is mearly worthless, as is that of the Oak-tree when grown at the Cape of
Good Hope Hemp and flax, as T hear from Dr. Falconer, flourish snd
yield plenty of seed on tho plains of India, but their fibres are brittle

xd. Chron,” 1843, . 660.
7 Thid, 1863, p. 625,
+ Jonenal of Horly 1861, pp. o4,

309,

9 Des Variétés, &e, p.

» Engel, * Sur les Pmp Meédicnles
des Plantes” 1860, pp. 10, 25. On
changes in the odours of plants, sce

Daliberts Experiments, quet
Boclanan, ‘Tnvenion” foL i 43
and Nees, in Ferusac, ¢ Bull. des 8-
Nat,, 182, tom. i. p. 60. With respect
o tho huburb, &, mumwmm-
Chirnicl, 1849,
1123,

1 Hooker, Flora Tndica p. -
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that resinous mtter which is so largely usod in Tndin as an. intosiotin
rug.
Tho fruit of tho Molon is greatly influcnced by slight difforences in cul
turo und climate. Henco it is generally n bettor plan, acconding o Navdin,
to improve an old kind than to introduco a new oo § i

and useless. Hemp, on the other hand, fails fo produce in Fngland
intarloating

rest market kinds, but at Bordeaux yields delicious fruit® is
annually brought from 'Thibet to Kashmir,® and produces fruit weighing
from four o ten pounds, but plants raised from seed saved in Kachmiy
next year give fruit weighing only from two to three pounds, Tt is well
known that Ameriean varicties of the Apple produco in their native land
magnificent and brightly-coloured fruit, but in England of poor quality
and a dull colowr. Tn Hungary there are many varictios of the Kidney.
bean, remarkablo for the beauty of their seeds, but. the Rev. M. J. Berkeley™
found that their beauty could hardly ever bo preserved in Englind, and in
some cases tho colour was greatly changed. We have scen in the ninth
chapter, with respect to wheat, what a remarkable effcet transportal from
the North to the South of Franco, and reversely, produced on the weight
of the grain.

When man can perceive no change in plants or animals
which have been exposed to a new climate or to different treat-
ment, inseets can sometimes perceive a marked change, The
same species of cactus has been carried to India from Canton,
Manilla, Mauritius, and from the hot-houses of Kew, and there
is likewise a so-called native kind, formerly introduced from
South America; all these plants are alike in appearance, but tho
cochineal insect flourishes only on the native kind, on which it
thrives prodigiously* Humboldt remarks' that white men
“born in the torrid zone walk barefoot with impunity in the
same apartment whero a European, recently landed, is exposed
to the attacks of the Pulex penetrans” This insect, the too
well-known chigoe, must therefore be able to distinguish what
the most delicate chemical analysis fuils to distinguish, namely,
a difference between the blood or tissues of a Buropean and
those of a white man born in the country. But the discernment;
of the chigoo is not so surprising as it at first appears; for

2 Naudin, ‘Anmales des Se. Nat,' 1 Toyle, *Productivo Resourecs of

4th series, Bot, fom. xi, 1859, p. 81 Tndin, p. 50.

*Gardener’s Chronicle, 1859, p. 461, 1 Personal Nurrative, Eng. translat,
* Mooreroft's * Travels; &c., vol. i voL.v. p. 101, This statem,

143, coufirmed by Karsten (-
" < Gardener's Chronicle; 1861, p,  Kenntniss der Rbynehoprion
115, 1864, 5, 39), and by others,

T2

et bas been
e
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XL+

acconding to Licbig"” the blood of men with different complexions,
though inhabiting the same country, emits a different odour,

Discases peeuliar to certain localities, heights, or climates, may be hery
Driefly noticed, as showing tho influence of external circumstances on fhg
Iuman body. Diseases confined to certain races of man do not concery
s, for tho constitution of the race may play the more important part, and
this may have been determined by unknown causes. The Plica Polonica
stands, in this respect, in a nearly intermediate position; for it rarely afficts
Germans, who inhabit the neighbourhood of the Vistula, where so many
Poles are grievously affected; and on the other hand, it does not affet

tussians, who are said to belong to the same original stock with the
Poles™ The elevation of a district often governs the appearance of
diseases; in Mexico the yellow fever does not extend above 924 métres;
and in Peru, people aro affceted with th verigus cnly eton 0 and
1600 matres above tho sea; many other such casos could bo given,
A peculiar cutancous complaint, called. g i ks T
and some neghouring i almostavery ative nmm o o o
strangers; and it seems fairly well established that complaint,
depends on_drinking cortain waters. In the hcu!lhy i i o
St. Helena the scarlot-fover is dreaded like the Plague; analogous fucls
laro e bsarved n Ohli and Mexicos Even i the diternt dgut

ments of France it is found that the various infirmities which render the
conseript unfit for serving in the army, provail with remarkable inequalit,
Tevealing, as Boudin observes, that many of them are endemic, which
otherwiso would never have been suspected® Any one who wil study
the distribution of disease will be struck with surprise af what slight
differences in the surrounding. circumstances govern the nature and
severity of the complaints by which man is at least temporarily affected.

The modifications as yet referred to have been extremely
slight, and in most cases have been caused, as far as we can
judge, by equally slight changes in the conditions. But can it
be safely maintained that such changed conditions, if acting
during a long series of generations, would not produce a marked
effect ? It is commonly believed that the people of the United
States differ in appearance from the parent Anglo-Saxon race;
and selection cannot have come into action within so short &
period. A good observer® states that a general absence of faf,

W ¢ OrganicChemistry,’ Eng.translat.,  taken from Dr. Boudin’s ‘Ge%’ﬂ‘l"h"
1st edit,, p. 369. b do Statistique Medicales, 7 tom.
18 Pr\clmrd ‘Phy:,].l\st of Maskiud,” . p. xliv. and i ton.
1851, vol. e A
o Dacyis ¥ Jouimal of Restaris;?  Tow, 1803, p, 180 or much enfroe:
1845, p. & tory oviderco, sen Quatrefuges, * Usté
uw.- Statements on discaso are  do I'Espice Humaine, 1561, .
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a thin and elongated neck, stiff and lank hair, are the chief
characteristics. The change in the nature of the hair is sup-
posed to be caused by the dryness of the atmosphere. If im-
migration into the United States were now stopped, who can
say that the character of the whole people would not be greatly
modified in the course of two or three thousand years?

The dircet and definite action of changed conditions, in contradis-
tinction to the accumulation of indefinite variations, seems to me so
important that I will give a large additional body of miscellancous facts.
With plants, a considerable chango of climato sometimes produces a con-
spicuous result. I have given in detail in the ninth chapter the most
remarkable case known {o me, namely, that in Germany several varicties
of maizo brought from the hotter parts of America were transformed
in the course of only two or three gencrations. Dr. Falooner informs
mo that ho has scen the Fnglish Ribston-pippin apple, a Himalayan
o1k, Prunus and Pyrus, all assume in the hotter parts of India a fastigate
or pyramidal habit; and this fact is the more intcresting, as a Chineso
tropical specics of Pyrus naturally has this habit of growth. Although
in theso cases the changed manner of growth seems fo have beon
directly caused by the great heat, wo know that many fastigate trees have
originated in their temperate homes. In the Botanic Gardens of Ceylon
the apple-tree™ “sends out numerous runners under ground, which con-
tinually rise into small stems, and form a growth around tho parent-tree.”
The varicties of the cabbage which produce heads in Europe fail to do so
in certain troplcal countries® The Rhododendron ciliatum produced at
Kew flowers so much larger and paler-coloured than those which it bears
its nativo Himalayan mountain, that Dr. Hooker® would hardly have
recognised tho species by the flowers alone. Many similar facts with
xespect to the colour and sizo of flowers could be given.
The experiments of Vilmorin and Buckman on carrots and parsnips
prose that abundant nufriment produces o definite and inheritable effect
tho so-called roots, with scarcely any change in other parts of the plan.
Alnm directly influences tho colour of the flowers of the Hydrangea.
Dryness scoms generally to favour the hairyness or villosity of plants.
Girtuer found that hybrid Verbaseums became extremely woolly when
grown in pots. Mr. Masters, on the other hand, states that the Opuatia
Zeucotricha “ is well clothed with beautiful white hairs when grown in a
« damp heat; but in n dry heatexhibits none of this peeuliarity.” Slight
variations of many kinds, not worth specifying in detail, aro retained only a5

# ¢ Coylon, by Sir J. E. Tennent,  **Journal of Hort, oe. vol. . p. 160,
vol. i, 1859, p. 89. 2 Sor . on the Villosity of
= Godron, ‘Do IEsploe,’ tom. if. p.  Plants, * Geograph. Bot,” tom.

- il pp.
57, 291 Girtner, *Bastardorz., s, 261 ;
Mr Masters, on tho Opuntia, i
Chronicle; 1846, p. 444,

Journal of Horticultural Soc,  in G
i, 1852, p. 117,

yol. vil, 185

1852,
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278 DEFINITE ACTION OF THE Cnar. xx11,
Tong as plants aro grown in certain soils, of which Sageret gives from ks
own experience some instances. Odart, who insists strongly on the per.
manence of the varicties of the grape, admits® that somo varieties, whey
grown under a different climate or treated ammnuy, vary inan ex

slight dogree, as in the tint of the fruit and in
Some authors havo denied that grafting causos oven

in tl is sometimes
slightly affetod in sizo and flavour, tho loaves in duration, and the flovers
in appearance;
With animals there can be no doubt, from the facts given in the first
chapter, that Enropéan dogs deteriorate in India, not only in their instinets
o they undergo are of such g
nature, that they may be partly due to reversion to a primitive form,
4s in the ease of feral animals. In parts of India tho turkey becomes
veduced i size, “with the pondulous appendago over the beak enormously
developed.” We have seen how soon the wild duck, when domesticated,
loses its true character, from the effeets of abundant or changed food, or
from taking little cxerciso. Trom the direct action of a humid elimats
and poor pasturo the horso rapidly decreases in size in the Falkud
Islands. From information which I have received, this seems likewiso to
Dbe the case to a certain extent with sheep in Australia.
te definitely influences tho hairy covering of animals; in the West
Tndies a great change is produced in the flecce of sheep, in about thros
generations. Dr. Falconer states* that the Thibet mastiff and goat, when
brought down from the Himalaya to Kashmir, lose their fine wool. At
nly goats, but shepherd~logs and eats, have fine foecy bar,
and Mr. Ainsworth® attributes the thickness of the fleecg to the severe
‘winters, and its silky lustre to the hot summers. Burnes states positively®
that the Karakool sheep loso their peculiar black curled ficaces when
removed into any other country. Even within the limits of England,
1 have boen assured_that with two breeds of sheep the wool was slightly
changed by the flocks being pastured in different localities* It has been
asserted on good authority™ that horses kept during several years in tho
deep coal-mines of Belgium become covered with velvety hair, almost like
that on the mole. These cases probably stand in close relation to the
natural chango of cont in winter and summer. - Naked varietios of sovenl
domestic animals have occasionally appeared ; but there is o reason &

# <Pom. Phys,’p. 136,

= < Ampelogrphic, 1849, p. 19,
= Girtner, * Bastarders.,” s. 606, has
callocted_nourly all recorded facts,
Androw Eaight (i Trmet. Hort
? vol. ii. p. 160) gocs so fur as to
mrepigeitia il re abso-
lulely, permasent th. dharostr. whan
propugted by boda o g
= Mr. Blyth, in ‘Ammh A of
Nat. Hist, vol. xx,, 1

o ¢Nataral History Review; 1502,

PRTEY

® Journal of Roy. Geographical
S0’ ol ix, 185, p. 27

Travels in Bokhaa,” vol. i I-

4 S also, on the influcnce of marshy

estareca e ool Godron, 11 ‘Espie,

it Geoffoy S. Hilaire,  Hist:
Nat. Gén, tom. i, . 438.
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balieve that this is in any way related to the nature of the climate o which
thay bavo b exposed
appears at first sight probablo that the increased size, the tendency to
fc\ttul, the carly maturity and altered forms of our improved cattle, sheep,
d pigs, have directly rosulted from their abundant supply of food. This
is Il.u: opinion of many competent judges, and probably is to a great extent
true. But as far as form is concerned, we must not overlook the cqual
or mare potent influenco of lossened use on the limbs and lungs.  We sce,
moreover, as far as size is concerned, that selection is apparently a more
powerful agent than a large supply of food, for we can thus only account
for the existence, as remarked fo me by Mr. Blyth, of the largest and
smallest breeds of sheep in the same country, of Cochin-China fowls and
Bantams, of small Tumbler and large Runt pigeons, all kept together and
supplicd with abundant nourishment, -Nevertheless thero can bo littlo
doubt that our domesticated animals havo boon modified, independently
of the increased or lessened use of parts, by the conditions to which
they have been subjected, without the aid of selection. For instance, Prof.
Tiitimeyer® shows that the bones of all domesticated quadruy
distinguished from those of wild animals by the state of their surface
and general appearance. It is scarecly possible to read Nathusius’s excel-
lent ‘ Vorstudien,'® and doubt that, with the highly improved races of
the pig, abundant food has produced a conspicuous effect on the general
form of the body, on the breadth of the head and face, and even on the
teeth. Nathusius rests much on the case of a purely bred Berkshire ig,
which when two months old became diseased in its digestive organs, and
was preserved for observation until nineteen months old; at thisage it had,
Tost soveral characteristic fontures of the breed, and had acquired o long,
varrow head, of large size relatively to its small body, and elongated legs.
But in this case and in some others we ought not to assume that, because
certain characters are lost, perhaps through reversion, under one course
of trentment, thereforo that they had been ot first direetly produced by an
opposite course.

Tn the caso of the rabbit, which has become foral on the island of Porto
Santo, we are at first strongly tempted to attribute the whole chango—
the greatly reduced size, the altered tints of the fur, and the loss of certain
characteristic marks—to the definite action of the new conditions to which
it has been exposed. But in all such cases we have to consider in addition
the tendency to reversion to progenitors more or less remote, and the
natural selection of the finest shades of difference.

“The nafure of the food sometimes either definitely induces cortain pocu-
liarities, or stands in some close relation with them. Pallas long ago
asserted that the fat-tailed sheep of Siberia dogencratod and lost their enor-

mous tails when removed from certain salino pastures; and. recently

 Azara bas mudo pome good remarks— Soc, 1856, p. 35.
" Dio Fuuna der Plablbuaten, 1861,

815
3 ¢ Schweinschuedel, 1564, 5 99,

nake
produced in E.n"lund e Zoolog.
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280 DEFINITE ACTION OF THE Citar. X1,
Erman® states that this occurs with the Kirgisian sheep when brought o
Orenburgh.

Tt is well known that P bullfinche d i inds.
1o hocomo black.  Mr. Wallace has communieated to me some much mops
remarkable facts of the same nature. The natives of the Amazonian
region feed the common green parrot (Chrysotis festiva, Linn.) with the fat
of large Siluroid fishes, and the birds thus treated become bemlh[\l!ly
variegated with red and yellow feathers. In the Malayan archipoagy,
the natives of Gilolo alter in an analogous manner the colours of another
parrot, namely, the Lorius garrulus, Linn., and thus produce the Lor
sujah or King-Lory. Theso parrots in tho Malay Islands and South
America, when fod by the natives on natural vegetable food, such as risy
and plantains, retain their proper colours. Mr. Wallace has, also, re-
corded®  still more singular fact. “Tho Indians (of 8. America) havy
“ a curious art by which they hange the colours of tho feathers of many
“birds. They pluck out those from the part they wish to paint, and
“ inoculate the fresh wound with the milky secretion from the skin of a
< small toad. ~ The feathers grow of a brilliant yellow colour, and on ben
“ plucked out, it is said, grow again of the same colour without any fresh
“ operation.”

Bochstein® does not entertain any doubt that seclusion from light
affects, at least temporarily, the colours of cage-hirds.

Tt is well known that the shells of land-mollusca are affocted by the
abundance of lime in different districts. Isidore Geoffroy St. Hilairo®
gives the case of Helix lactea, which has recently boen earried from Spainto
the South of France and to the Rio Plata, and in both those countries now
presents a distinet appearance, but whether this has rosulted from food ot
climato is not known.  With respect to the common oyster, Mr. F. Buck-
Tand informs me that ho can generally distinguish the shells from different
districts; young oysters brought from Wales and laid down in beds whero
“natives” are indigenous, in the short space of two months begin 1o
assume the “native” character. M. Costa® has recorded a much moro
remarkablo case of the same nature, namely, that young shells faken
from the shores of England and placed in the Mediterrancan, at onee
altered their manner of growth and formed. prominent diverging rays, ko
those on tho sholls of the proper Mediterrancan oyster. The same indi
‘vidual shell, showing both forms of growth, was exhibited before a society
in Paris. Lastly, it is well known that caterpillars fod on diferent fol
sometimes either themselves acquire a different colour or produce moths

different in colour,

® ¢ Travelsin Siberia,” Eng, translat.,
208

p.831. ¥
v See an_ account of Mr. Gregaois
experiments on_the Abrazus grosi-
S, Jun.

D. 228,
© A R. Wallace, “Travels on tho
Amazon and Rio Negro, p. 204.

# + Naturgeschichte dor Stubenvogel,”

1840, 5. 262, 508,
© Hist, Nut, p.402.
* “Bull. dela Soc. Tmp. d'Acclimat.

? fom,

. Entomolog. Soc,
: these cxperiments bavo
Deon confirmed by Mr. Greeniog, i
“Proc. of Northern Entomolog.
Soc.,” July 25th, 1862, For tho effcls
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Tt would be travelling beyond my proper limits hore to discuss how far
organic beings in a state of nature are definitely modified by changed con-
ditions. In wy *Origin of Species' T have given a brief abstract of the
facts bearing on this point, and have shown the influence of light on tho
colours of birds, and of residence near the sea on the lurid tints of inscots,
and on the succulency of plants. - Mr. Herbert Spencer * has recently dis-
cussed with much ability this whole subject on broad and general grounds.
To argues, for instance, that with all animals the external and intornal
stes are difforently acted on by the surrounding conditions, and. they
invariably differ in intimate structure. So again the upper and lower sur-
faces of true loaves, as well as of stems and petioles, when these assume the
function and oceupy the position of leaves, are differently circumstanced
with respect to light, de., and apparently in consoquenca differ in struc-
ture.  But, as Mr. Herbert Spencer admits, it is most difficult in all such
cases to distinguish between tho effocts of the definite action of physical
conditions and the accumulation through natural selection of inherited
variations which ave sorviceablo fo the organism, and which have arisen
independently of the definite action of these conditions.

Although we ate not here concerned with organic beings in
a state of nature, yet I may call attention to one case. Mr.
Meehan, in a remarkable paper, compares twenty-nine kinds of
American trees, belonging to various orders, with their nearest
Turopean allies, all grown in close proximity in the same garden
and under as nearly as possible the same conditions. In the
American species Mr. Mechan finds, with the rarest exceptions,
that the leaves fall earlier in the season, and assume before
fulling a brighter €int; that they are less deeply toothed or
serrated 5 that the buds are smaller; that the trees are more
diffuse in growth and have fewer branchlets; and, lastly, that
the seeds are small ison with the i
Turopean species. Now, considering that these trees belong to
distinet orders, it is out of the question that the peculiaritios
just specified should have been inherited in the one continent
from one progenitor, and in the other from another progenitor ;
and considering that the trees inhabit widely different stations,
these peculiatities can hardly be supposed to be of any special
of food on_ caterpillrs, we o curiows . 1866, Tho present chapters wero
account by M. Michely, in *Bull. de la  written before T had read Mr, Her-
Soc. Tmp. d'Acclimat.,” tom. viii. p. 563, bert Spencer’s work, so that I have not,
For analogous facts from Dahlbom on  been able to make so much uso of it
Hymenoptera, see Westwood's * Modern  as I should otherwise probably have
Class. of Inscets vo. 1.1 9, Sconlio  dono,
Dr. L. Miller, *Die Ablingigkcil der 4 *Proo, Acad. Nat. Soc. of Phila-
70, dclphia, Jun. 28th, 102

 “The Principles of Biology,’ vol.
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service to the two series in the Old and New Worlds; there-
fore these peculiarities cannot have been naturally selected,
Hence wo are led to infer that they have been definitely cansed
by the long-continued action of the different climato of the two
continents on the trees.

Galls—Another class of facts, not relating to eultivated
plants, deserves attention. I allude to the production of galls,
Tvery one knows the curious, bright-red, hairy productions on
the wild rose-tree, and the various different galls produced
by the oak. Some of the latter resemble fruit, with one face as
rosy as the rosiest apple. These bright colours can be of no
service either to the gall-forming insect or to the tree, and
probably are the direct result of the action of the light, in the
same manner as the apples of Nova Scotia or Canada are
Drighter coloured than English apples. The strongest upholder
of the doctrine that organic beings are created beautiful to please
mankind would not, I presume, extend this view to galls. Ac-
cording to Osten Sacken’s latest revision, no less than fifty-eight
Kinds of galls are produced on the several species of oals, by Cynips
with its sub-genera; and Mr. B. D. Walsh 7 states that he can
add many others to the list. One American species of willow,
the Saliz humilis, bears ten distinct kinds of galls. The leaves
which spring from the galls of various English willows differ
completely in shape from the natural leaves. The young shoots
of junipers and firs, when punctured by certain insects, yield
monstrous growths like flowers and cones; and the flowers of
some plants become from the same cause wholly changed in
appearance. Galls are produced in every quarter of the world;
of several sent tome by Mr. Thwaites from Ceylon, some were a3
symmetrical as a composite flower when in bud, others smooth
and spherical like a berry ; some protected by long spines
others clothed with yellow wool formed of long cellular hairs,
others with regularly tufted hairs. In some galls the internal
structure is simple, but in others it is highly complex; thus
M. Lucaze-Duthiers® has fizured in the common ink-gall no
Tess than seven concentric layers, composed of distinet tisue,

47 See Mr. B. D. Walsh's excellent 48 See his Br\mvmblu H\mm des.
popers in ¢ Proc. Entomolog. Soc. Phila-  Galles, in * Aunal, des So. Nat, Dot
delphia,’ Dec, 1866, p. 284, With respect  8rd series, hm xix,, lE-n3, P 278,

to the willow, see idem, 1864, p. 546.
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namely, the cpidermic, sub-cpidermic, spongy, intermediate,
and the hard protective layer formed of curiously thickened
woody cells, and, lastly, the central mass abounding with starch-
granules on which the larve feed.

Galls are produced by insects of various orders, but the
greater number by specics of Cynips. It is impossible to read
M. Lucaze-Duthier’s discussion and doubt that the poisonous

cretion of the insect causes the growth of the gall, and every
one knows how virulent is the poison secreted by wasps and
bees, which belong to the same order with Cynips.  Galls grow
with extraordinary rapidity, and it is said that they attain their
full size in a fow days ;@ it is certain that they are almost com-
pletely developed before the larva are hatched. Considering
that many gall-inscets are extremely small, the drop of secreted
poison. must be excessively minutes it probably acts on one
or two cells alone, which, being abnormally stimulated, rapidly
increase by a process of selfdivision. Galls, as Mr. Walsh®
remarks, afford good, constant, and definite characters, each kind
keeping as true to form as does any independent organic being.
This fact becomes still more remarkable when we hear that, for
instance, seven out of the ten different kinds of galls produced
on Saliz humilis are formed by gall-gnats (Cecidomyidee) which,
“ though essentially distinet species, yet resemble one another
“so0 closely that in almost all cases it is difficult, and in some
« cases impossible, to distinguish the full-grown insects one from
“ the other.”®  For in accordance with a wide-spread analogy
we may safely infer that the poison secreted by insects so closely
allied would not differ much in nature ; yet this slight difference
is sufficient to induce widely different results. In some few
cases the same species of gall-gnat produces on distinct species
of willows galls which® cannot be distinguished; the Cynips
Jecundatriz, also, has been known to produce on the Turkish
ouk, to which it is not properly attached, exactly the same kind
of gall as on the European oak® These latter facts apparently
prove that the nature of the poison is a much more powerful

# Kirby and Spence’s ‘Entomology,” 81 Mr. B, D, Walsh, idem, p. 633; and

1815, vol. i p. 450; Lucaze-Dutlicrs,  Dec. 1866, p. £75.

idem, p. 2 Mr. B, D. Walsh, idem, 1864, p.
- Soc. Phila- 5 e

tomolog
38.

@ ec. 1866, . 275,
delphia, 1864, p. 55 :
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agent in determining the form of the gall than the specific
character of the tree which is acted on.

As the poisonous secretion of inscets belonging o various
orders has the special power of affecting the growth of varions
plants;—as a slight difference in the nature of the poison suffices
to produce widely different results ;—and lustly, as we know that
the chemical compounds secreted by plants are eminently liable
to be modified by changed conditions of life, we may beliove
it possible that various parts of a plant might be modified
through the agency of its own altered secretions. Compare, for
instance, the mossy and viscid calyx of a moss-rose, which sud-
denly appears through bud-variation on a Provence-rose, with
the gall of red moss growing from the inoculated leaf of a wild
rose, with each filament symmetrically branched like a micro-
scopical spruce-fir, bearing a glandular tip and secreting odo-
riferous gummy matter® Or compare, on the one hand, the
fruit of the peach, with its hairy skin, fleshy covering, hard
shell and kernel, and on the other hand one of the more
complex galls with its epidermic, spongy, and woody layers
surrounding tissue loaded with starch granules. These normal
and abnormal structures manifestly present a certain degres
of resemblance. Or, again, reflect on the cases above given of
parrots which have had their plumage brightly decorated through
some change in their blood, caused by having been fed on
certain fishes, or locally inoculated with the poison of a toad.
I am far from wishing to maintain that the moss-rose or the
hard shell of the peach-stone or the bright colours of birds
are actually due to any chemical change in the sap or blood;
but these cases of galls and of parrots are excellently adapted
to show us how powerfully and singularly external agencies
may affect structure. With such facts before us, we need
feel mo surprise at the appearance of any modification in any
organic being.

T may, also, here allude to the remarkable effeets which parasitic fungi
sometimes produce on plants. Reissek has described a Thesium, affected
by an (Ecidium, which was greatly modified, and assumed somo of the

8 Lucazo-Duthiers, idem, 7
# “Linnen, vol. xvii., 1843
Marsh 16th, 1860,

325, 82

quoted by Dr. M. T, Masters, Royal Tastitution,
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characteristic features of certain allied species, or even genera. Suppose,
says Tissek, “the condition originally caused by the fungus to bocome
“ constant in tho courso of time, the plant would, if found growing wild,
b considered as a distinct species or even as belonging o a new genus
T quote this remark to show how profoundly, yet in how natural a maner,
this plant must have boen modified by the parasitic fungus.

Facts and. Considerations opposed to the belief that the Conditions
of Life act in a potent manner in causing definite Modifications
of Structure,

I have alluded to the slight differences in species when
naturally living in distinet countries under different conditions;
and such differences we feel at first inclined, probably to a
limited extent with justice, to attribute to the definite action
of the surrounding conditions. But it must be borne in mind
that there are a far greater number of animals and plants which
range widely and have been exposed to great diversities of
conditions, yet remain mearly uniform in character. Some
authors, as previously remarked, account for the varieties of our
culinary and agricultural plants by the definite action of the con-
ditions to which they have been exposed in the different parts
of Gireat Britain; but there are about 200 plants® which are
found in every single English county; these plants must have
been exposed for an immense period to considerable differences
of climate and soil, yet do not differ. So, again, some birds,
insects, other animals, and plants range over large portions of
the world, yet retain the same character.

Notwithstanding the facts previously given on the occurrence of highly
peculiar local diseases and on the strange modifications of structure in
plants caused by the inoculated poison of insects, and other analogous
cases; still there are a multitude of variations—such as the modified skull
of the niata ox and bulldog, the long horns of Caffre cattlo, the conjoined
toes of tho solid-hoofed swine, tho immense orest and protuberant skull of
Polish fowls, the erop of the pouter-pigeon, and a host of other such cases
—which we can hardly attribute to fhe definite action, in the sense befor
specified, of the external conditions of lifo. No doubt in every case there
must have heen some exciting cause; but as we see innumerable indivi-
duals exposed to nearly tho sume conditions, and_one alono is affected, wo
may conelude that the constitution of tho individual is of far higher

vol.

# Hewett C. Watson, * Oybelo Britannica, vol. i, 1847, p. 11,
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importance than the conditions to which it has been uxpma Tt soems,
indeed, to be a general rulo that cumpxc\lo\ls variations oceur rarcly,
and in ono individual alone out of many thousands, fhough all may
Hive boas sxpose, 06 i o b Fudlg, o By ki conditions,
As tho most strongly marked variations graduate insensibly into the most
trifling, we are led by the same train of mm.g,m to attribute each slight
variation much more to innate differences of cuushhmon, Towever caused,
than to the definite action of the surrounding condition

U500 e ocnasin by eyt cases, formerly
alluded to, of fowls and plgeons, which luum varied and will no doubt g
on varying in directly opposite ough kept during many s
tions under nearly the same. r/.\mlmnns \umv for instance, are born w
their heaks, wings, tails, legs, &e., a little longer, and others with ﬂ\em
same parts a little shorter. By the long-continued selection of such
stight individual differences, which occur in birds kept in the samo aviary,
widely different races could certainly bo formed; and long-continued
selection, important s s tho rosult, does nothing but preserve the variations
which appear to us to arise spontancously.

In these cases we sce that domesticated animals vary in an indefinite
mumber of particulars, though treated as uniformly as is possible. On the
other hand, there are instances of animals and plants, which, though exposed
to very difforent conditions, hoth under naturo and domestication, have
varied in nearly the same manner. Mr. Layard informs me that he has
observed amongst the Caflies of South Africa a dog singularly like an
arctic Esquimanx dog. Pigeons in India present nearly the same wido
diversities of colour as in Europe; and I have seen chequered and simply
barred pigeons, and pigeons with blue and white loins, from Sicrra Leone,
Madeira, England, and India. New varioties of flowers are continually
Taised in different parts of Great Britain, but many of theso are found by
the judges at our exhibitions to be almost identical with old varietics. A
vast number of new fruit-trees and culinary vegetables have been pro-
duced in North America: theso differ from European varicties in tho
same general manner as the several variotics raised in Europe differ from
each other; and no one has ever pretended that the climate of America.
Tas given to the many American varictios any gencral character by which
they can bo recognised. Nevertheless, from tho facts previously advanced
on the authority of Mr. Mechan with respect to American and Europesn
forest-trees, it would be rash to affirm that varioties rised in the two
countrics would not in’ the course of ages assume a distinctive character.
Mr. Masters has recorded a striking fact® bearing on this subject: ho
raised numerous plants of Hybiscus Sy _/7 iacus from seed collected in smnh
Carolina and the Holy Land, whero the parent-plants must have ber
exposed to considerably different conditions ; yot the scedlings from o
localities broke into two similar strains, one with obtuse leaves and purple
or erimson flowers, and the other with clongated leaves and more or less
pink flowers.

4 ¢ Gardener's Chronicle;” 1857, p. 620,
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We may, also, infer the prepotent influenco of the constitution of the
organism over the definite action of the conditions of life, from the several
cases given in the earlier chapters of parallel series of varieties,—an im-
portant subject, hereafter to be more fully discussed. Sub-varieties of
the several kinds of wheat, gourds, peaches, and other plants, and to a
cortain limited extent sub-varicties of the fowl, pigeon, and dog, have been
shown either o resemblo or to differ from each other in a closely corre-
sponding and parallel manner. Tn other cases, a variety of one specios
resembles a distinet species; or the varieties of two distinet species resemble
each other. Although these parallel resemblances no doubt often result from
reversion to the former characters of a common progenitor ; yet in other
cases, when new characters first appear, the resemblance must be attributed
to the inheritance of a similar constitution, and consequently to a tendency
to vary in the same manner. We see something of a similar kind in the

ing and reappearing many times i i
and, as Dr. Masywell Masters has remarked to me, in the same plant.

We may at least conclude thus far, that the amount of modi-
fication which animals and plants have undergone under domes-
tication, does not correspond with the degree to which they
have been subjected to changed circumstances, As we know
the parentage of domesticated birds far better than of most
quadrupeds, we will glance through the list. The pigeon has
varied in Burope more than almost any other bird; yet it is a
native species, and has not been exposed to any extraordinary
change of conditions. The fowl has varied equally, or almost
equally, with the pigeon, and is a native of the hot jungles of
Tndia. Neither the peacock, a native of the same country, nor
the guinea-fowl, an inhabitant of the dry deserts of Africa, has
ied at all, or only in colour. ‘The turkey, from Mexico, has
varied but little. The duck, on the other hand, a native of
Europe, has yielded some well-marked races; and as this is an
aquatic bird, it must have been subjected to a far more serious
change in its habits than the pigeon or even the fow], which
nevertheless have varied in a much higher degree. Tho goose,
a native of Furope and aquatic like the duck, has varied loss
than any other domesticated bird, except the peacock,

Bud-variation is, also, important under our present point of
view. Tn some few cases, as when all the eyes or buds on tho
same tuber of the potato, or all the fruit on the same plum-
tree, or all the flovers on the sume plant, have suddenly
varied in the same manner, it might be argued that the varia.
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tion had been definitely cansed by some change in the conditions
to which the plants had been exposed ; yet, in other cases, such
an admission is extremely difficult. As new characters some.
times appear by bud-variation, which donot occur in the parent.
species or in any allied species, wo may reject, at least in thess
cases, the idea that they are due to reversion. Now it is well
worth while to reflect maturely on some striking caso of bu.
variation, for instance that of the peach. This trec has been
cultivated by the million in vatious parts of the world, has been
treated differently, grown on its own roots and grafted on various
stocks, planted as a standard, against a wall, and under glass;
yet each bud of each sub-variety keeps true o its kind. But
occasionally, at long intervals of time, a tree in England, or
under the widely-different climate of Virginia, produces a single
bud, and this yields a branch which ever afterwards bears nec-
tarines. Nectarines differ, as every one knows, from peaches
in their smoothness, size, and flavour; and the difference is so
great, that some botanists have maintained that they are speci-
fically distinct. So permanent are the characters thus suddenly
acquired, that a neetarine produced by bud-variation has pro-
pagated itsclf by seed. To guard against the supposition that
there is some fundamental distinction between bud and seminal
variation, it is well to bear in mind that nectarines have like-
wise been produced from the stone of the peach; and, reversely,
peaches from the stone of the nectarine. Now is it possible to
conceive external conditions more closely alike than those to
which the buds on the same tree are exposed? Yet one bud
alone, out of the many thousands borne by the same tree, has
suddenly without any apparent cause produced a nectarine. Bub
the case is even stronger than this, for the same flower-bul
has yielded a fruit, one-half or one-quarter a nectarine, and
the other half or three-quarters a peach. Again, seven or eight
varieties of the peach have yielded by bud-variation nectarines:
the nectarines thus produced, no doubt, differ a little from
each other; but still they are nectarines. Of course there
must be some cause, internal or external, to excite the peach-
bud to change its nature; but I cannot imagine a class of fucts
better adapted to force on our minds the conviction that what
we call the external conditions of life are quite insignificant in
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relation to any particular variation, in comparison with the
organisation or constitution of the being which varies.

It is known from the labours of Geoffroy St. Hilaire, and
recently from those of Dareste and others, that eggs of the fowl,
if shaken, placed upright, perforated, covered in part with
vamish, &e., produce monstrous chickens. Now these monstro-
sities may be said to be directly caused by such unnatural con-
ditions, but the modifications thus induced are not of a definite
nature. An excellent observer, M. Camille Dareste,” remarks
“that the various species of monstrosities are not determined
“by specific causes; the external agencies which modify the
“ development, of tho embryo act solely in causing a pertur-
“bation—a perversion in the normal course of development.”
He compares the result to what we see in illness: a sudden chill,
for instance, affects one individual alone out of many, causing
either a cold, or sore-throat, rheumatism, or inflammation of the
Tungs or pleura. Contagious matter acts in an analogous manner.
We may take a still more specific instance: seven pigeons were
struck by rattle-snakes ;* some suffered from convulsions; some
had their blood coagulated, in others it was perfectly fluid ; some
showed ecchymosed spots on the heart, others on the intestines,
&e.; others again showed no visible lesion in any organ. It is
well known that excess in drinking causes different diseases in
different men; but men living under a cold and tropical climato
are differently affected:® and in this case we see the definite
influence of opposite conditions.  The foregoing fucts apparently
give us as good an idea as wo are likely for a long time to
obtain, how in many cases external conditions act directly, though
not definitely, in causing modifications of structure,

Summary.—There can be no doubt, from the facts given in
the early part of this chapter, that extremely slight changes in

7 «Mémoiro sur Ja Production -

fciello des Monstrosiiés, 1862, pp. &1 e Venom of
"Rachorohes sur.lesCoullon, &n. tho Tngtoamaks Jon 1801 by Dr,
ehez les Monstres, 1863, p.

Anab. Mitchel, p. 07.

© Mr. Selgwick, T
oreign Mdico-Chirurg,
1863, p. 175.

straot is given of Geoffioy's Experi- M
ravaux, i
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the conditions of life sometimes act in a definite manner oy
our already variable domesticated productions ; and, as the action
of changed conditions in causing general or indefinite varig-
bility is accumulative, so it may be with their definite action.
Hence it is possible that great and definite modifications of struc.
ture may result from altered conditions acting during a long
series of generations. In some few instances a marked eflect
has been produced quickly on all, or nearly all, the individuals
which have been exposed to some considerable change of climate,
food, or other circumstance. This has occurred, and is now
occurring, with European men in the United States, with Euro-
pean dogs in Tndia, with horses in the Falkland Tslands, appa-
rently with various animals at Angora, with foreign oysters
in the Mediterranean, and with maizo grown in Europe from
tropical sced. Wo havo seen that the chemical compounds
secreted by plants and the state of their tissues aro readily
affected by changed conditions. In some cases a relation appa-
rently exists between certain characters and certain conditions,
so that if the latter be changed the character is lost—as with
cultivated flowers, with some few culinary plants, with the fruit
of the melon, with fat-tailed sheep, and other sheop having
peculiar flecces.

The production of galls, and the change of plumage in parrots
when fod on peculiar food or when inoculated by the poison of a
toad, prove to us what great and mysterious changes in structire
and colour may be the definite result of chemical changes in the
nutrient fluids or tissues.

‘We have also reason to believe that organic beings in a state
of nature may be modified in various definite ways by the cor-
ditions to which they have been long exposed, as in the e
of American trees in comparison with their representatives it
Turope. But in all such cases it is most difficult to distinguish
between the definite results of changed conditions, and the ac
cumulation through natural selection of serviceable variations
which have arisen independently of the nature of the conditions.
If, for instance, a plant had to be modified so as to become fitted
to inhabit a humid instead of an arid station, we have no reason
to believe that variations of the right kind would oceur mor®
frequently if the purent-plant inbabited a station a littlo mor>
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humid than usual. Whether the station was unusually dry or
humid, variations adapting the plant in a slight degree for
directly opposite habits of life would occasionally arise, as wo
have reason to believe from what we know in other cases.

In most, perhaps in all cases, the organisation or constitution
of the being which is acted on, is & much more important
clement than the nature of the changed conditions, in deter-
mining the nature of the variation. We have evidence of this
in the appearance of nearly similar modifications under different
conditions, and of different modifications under apparently nearly
the same conditions. We have still better evidence of this in
closely parallel varieties being frequently produced from distinct
s, or even distinet species, and in the frequent recurrence
of the same monstrosity in the same species. Weo have also seen
that the degree to which domesticated birds have varied, docs
not stand in_ any close relation with the amount of chango to
which they have been subjected.

o recur once again to bud-variations. When we reflect on
the millions of buds which many trees have produced, before
some one bud has varied, we are lost in wonder what the
precise cause of each variation can be. Let us recall the caso
given by Andrew Knight of the forty-year-old treo of the yellow
magnum bonum plum, an old varioty which has been propagated
by grafts on various stocks for a very long period throughout
Xuropo and North America, and on ‘which a single bud sud-
denly produced the red magnum bonum. We should also
bear in mind that distinet varieties, and even distinct spe-
cies,—as in the caso of peaches, nectarines, and apricots,—
of cortain roses and camellias,—although separated by o vast
number of generations from any progenitor in common, and
although cultivated under diversified conditions, have yielded
by bud-variation closely analogous varioties. When we refloct
on these facts we become deeply impressed with the conviction
that in such cases the nature of the variation depends but little
on the conditions to which the plant has been exposed, and mot
in any especial manner on its individual character, but much
more on the general nature or constitution, inherited from somo
remote progenitor, of the whole group of allied beings to which
the plant belongs. We are thus driven to conclude that in most

v 2
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cases tho conditions of life play a subordinate part in cousng
any particular modification; like that which a spark plays,
when a mass of combustibles bursts into flame—the nature of
the flame depending on the combustiblo matter, and not on thy
spark.

No doubt each slight variation must have its efficient causo;
but it s as hopeless an attempt to discover the cause of each
as to say why a chill or a poison affects one man differently
from another. Even with modifications resulting from the
definite action of the conditions of life, when all or nearly all
the individuals, which have been similarly exposed, are simi.
larly affected, we can rarely see the precise relation betyesn
cause and effect. In the next chapter it will be shown that
the increased use or disuse of various organs, produces an
inherited effect. It will further be seen that certain variations
are bound together by correlation and other laws. Beyond this
We cannot at present explain either the causes or mauner of
action of Variation.

Finally, as indefinite and almost illimitable variability is the
usual result of domestication and cultivation, with the same part
or organ varying in different individuals in different or even
in directly opposite ways; and as the same variation, if strongly
pronounced, usually recurs only after long intervals of time, ny
particular variation would generally be lost by crossing, rever-
sion, and the accidental destruction of the varying individuals,
unless carefully preserved by man. Hence, although it must
be admitted that new conditions of life do sometimes definitely
affect organic beings, it may be doubted whether well-marked
races have often been produced by the direct action of changed
conditions without the aid of selection either by man or
nature.
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CHAPTER XXIV.

TAWS OF VARIATION—USE AND DISUSE, ETC.

NISUS FORNATIVUS, OB THE CO-ORDINATING POWER OF THE ORGANTSATION — ]
EFFECTS OF THE INCREASED USB AND DISUSE OF OHGANS — CHANGED HLABITS OF
LIFE — ACCLDIATISATION WITH ANDIALS AND FLANTS — VARIOUS METHODS B
WHIOH THIS CAN T BFFECTED — ABKESTS OF DEVELOPMENT — RUDDIENTARY
omaaxs,

IN this and the two following chapters I shall discuss, as well
as the difficulty of the subject permits, the several laws which
govern Variability. These may be grouped under the effects of
use and disuse, including changed habits and acclimatisation—
arrests of development—correlated variation—the cobesion of
homologous parts—the variability of multiple parts—compensa-
tion of growth—the position of buds with respect to the axis
of the plant—aud lastly, analogous variation. These several
subjects so graduate into each other that their distinction is
often arbitrary.

It may be convenient first briefly to discuss that co-ordinating
and reparative power which is common, in a higher or lower
degree, to all organic beings, and which was formerly desig-
nated by physiologists as the nisus formativus.

Blumenbach and others! have insisted that the principle which permits
@ Hydra, when cut into fragments, to develop itsclf info two or more
porfect animals, is the sume with that which causes a wound in the higher
animals to Leal by a cicatrice. Such cases as that of the Hydra aro
evidently analogous with the spantaneous division or fissiparous generation
of the lowest animals, and likewise with the budding of plants. een
these extremo cases and that of a mere cicatrico wo havo overy gradation.
Spallanzani,® by cutting off the legs and tail of a Salamander, got in the
courso of three months six erops of these membors ; 5o that 687

Dones were reproduced by ono animal during one season. At what

! *An Esay on Generation,' Eng. 2 +An Essay on Animal Reprodus-
trunslat,, p. 18; Paget, “Leotures on tion, King, translat, 1769, p. 79,
Surgieal Pathology,” 1833, vol. i. p. 209,
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point the Jimb was cnt of, the deficient part, and no more, was exaclly
roproduced. Even with man, s wo have scen in the twelfth chapter
when treating of polydactylism, the entire limb whilst in an cmbryony
stato, and_supernumerary digits, aro occasionally, thongh imperfealy,
reproduced after amputation. - When a diseased hono hns been remove,
a new ono sometimes “ gradually assumes the regular form, and all th
“attachments of muscles, ligaments, d&c., become as comploto as before,"s

This power of regrowth does not, however, always act perfeetly: fho
reproduced tail of o lizard differs i the forms of the seales from tho normy]
tail: with cortain Orthopterous insects the large hind logs are reproducel
of smaller size:* the white cicatrico which in the higher animals unites
the edges of a deop wound is not formod of perfect skin, for claste
tissuo 38 not produced till long afterwards? The activity of the nius
“ formativus,” says Blumenbach, “is in an inverse atio to the ago of the
“ organised body.” To this may be added that its power is greater in
animals the lower thoy aro in tho seale of organisation; and animals loy
in the seale correspond with the embryos of higher animals belonging to
the same class. Nowport’s obscrvations® afford a good illustration of this
fact, for he found that  myriapods, whoso highost development searcely
 carries them beyond the larve of perfect insects, can regenerate limbs and
“antenn up to the time of their last moult;” and so ean the larve of trus
insects, but not. the mature insect. Salamanders correspond in develop-
ment with the tadpoles ot larva of tho tailless Batrachians, and both
possess o a large extent the power of regrowth; but not so the matun
tailless Batrachians.

Absorption often plays an important part in the ropairs of injuries
‘When a bone is broken, and does not unite, the ends are absorbed and
rounded, so that a false joint is formed; or if the ends unite, but overlap,
the projecting parts are removed.” Bub absorption comes into action, 4
Virchow remarks, during tho normal growth of bones; parts which an
solid during youth become hollowed out for the medullary tissue s th
Dono inereases in size. In trying to understand the many well-adapted
cases of regrowth when aided by absorption, we should remember that
most parts of the organisation, even whilst retaining the sumo form,
undergo constant renewal ; so that a part which was not renowod woud
aturally be liable to complote absorption.

Somo cases, usually classed under the so-called nisus formatims, at fisk

ippear to como under a distinct head; for not only are old structurs
zeproduced, but structures which appear now are formed, Thus, afer
inflammation  false membranes,” furnished with blood-vessels, Iymphatics,
and nerves, are developed; or a fotus escapes from the Fallopian tubes
and falls into the abdomen, “nature pours out a quantity of plsti
“ Iymph, which forms itself into organised membrane, richly supplied with
“ blood-yessels,” and the feetus is nourished for a time. In certain castsof

3 Carpenter’s “Principles of Comp. ¢ Pagot, * Lecturos on Surgical Pathe-
5

Physiology,” 1854, p. Togy, vol. . p. 230
# Charlesworlh's ‘Mug. of Nat, Hist,'  © Quoted by Carpenter, Comp. P
vol. . 1897, p. 145, P49, 7 Paget,  Lectures, &,
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ydroceptalus the open and dangerons spaces in the skullaro illed wp with

ow bones, which inferlock by perfect serrated sutures.* But most physiolo-
iss, specially on the Continent, havo now given up the beliof in plastis
Iymph or bastema, and Virchow? maintains that every structure, new o o,
s formed Ly the proliferation of pre-cxisting cells. On this view falsomom.,
branes, like cancerous or ofhier tumours, are merely abnormal devclop-
ments of normal growths; and wo can thus understand Low it is that they
rosemblo adjoining structures ; for instance, that “ falso membrane in tho
« sorous cavities acquircs a covering of epithelium exactly like that which
“ covers the original serous membrane; adhesions of the iris may becomo
« black apparently from the production of pigment-cells like those of the
“ uvea." %

No doubt the power of reparation, though not always quite perfoct, is an
admirablo provision, ready for various emergencies, even for thoso which
oceur only at long intervals of time™ Yot this power is not more won-
derful than the growth and development of every single creature, more
especially of those which arg propagated by fissiparous generation. This
subjoct has beon hero noticed, because we may infer thaf, when any part
or organ is either greatly increased in size or wholly supprossed through
variation and continued selection, the co-ordinating power of the organisa-
tion will continually tend to bring all the parts again into harmony with
cach other.

On the. Efects of the Tnoreased Use and Disuse of Organs.

Tt is notorious, and we shall immediately adduce proofs, that
inereased use or action strengthens muscles, glands, sense-organs,
&e.; and that disuse, on the other hand, weakens them. I have
not met with any clear explanation of this fact in works on
Physiology. Mr. Herbert Spencer * maintains that when muscles
are much used, or when intermittent pressure is applied to the
epidermis, an excess of nutritive matter exudes from the vessels,
and that this gives additional development to the adjoining
parts. That an increased flow of blood towards an organ leads
to its greater development is probable, if not certain. Mr.
Paget thus accounts for the long, thick, and dark-coloured hair
which oceasionally grows, even in young children, near old-
standing inflamed surfaces or fractured bones. When Hunter

® Theso cases are given by Blumen-  vol. i, 1833, p. 857.
bach in his ‘ Essay on Generation, pp. 1 Paget, idem, p. 150
1. 12 ¢l Principles of Biology,’ vol.

* *Cellular Pathology, trans, by Dr. i, 1866, chup: .
Cliance, 1860, pp. 27, 411. 1 Lotures on Puthology,’ 185
" Paget, ‘Lectures on Pathlogy,  vol. . p 71.
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inserted the spur of a cock into the comb, which is well supplied
with blood-vessels, it grow in one ease in a spiral direction o 4
length of six inches, and in another case forward, like a hom, s
that the bird could not touch the ground with its beak. By
whether Mr. Herbert Spencer's view of the exudation of nuritiye
matter due to increased movement and pressure, il fully
account for the augmented size of bones, ligaments, and espe-
cially of internal glands and nerves, seems doubtful. Ae.
cording to the interesting observations of M. Sedillot, when
a portion of one bone of the leg or fore-arm of an animal js
removed and is not replaced by growth, the associated bona
enlarges till it attains a bulk equal to that of the two bong s, of
which it has to perform the functions. This is best exhibited
in dogs in which the tibia has been removed ; the companion
bone, which is naturally almost filiform and not one-fifth the size
of the other, soon acquires a size equal to or greater than the
tibia. Now, it is at first difficult to believe that increased weight
acting on a straight bone could, by altemately increased and
diminished pressure, cause nutritive matter to exude from the
vessels which permeate the periosteum. Nevertheless, the obser-
vations adduced by Mr. Spencer, on the strengthening of the
bowed bones of rickety children, along their concave sides, leads
to the belief that this is possible.

Mr. H. Spencer has also shown that the ascent of the sap in
trees is aided by the rocking movement caused by the wind;
and the sap strengthens the trunk “in proportion fo the stress
“ to be borne; since the more severe and the more repeated the
« strains, the greater must be the exudation from the vessels
“into the surrounding tissue, and the greater the thickening of
« this tissue by secondary deposits”® But woody trunks may
be formed of hard tissue without their having heen subjected
to any movement, as we see with ivy closely attached to old
walls. Tn all these cases, it is very difficult to disentangle the
effects of long-continued selection from those consequent on
the increased action or movement of the part, Mz, H. Spencer”
acknowledges this difficulty, and gives as an instance the spines

1 ¢ Comples Rendus? Sept. 261, 1864, p. 539,
1 *Tho Principles of Biology, vol i,
1 Idem, vol.ii. p. 269. 1 dem, vol. i. p. 273.
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or thorns of trees, and the shells of nuts. Here we have ex-
tremely hard woody tissue without the possibility of any move-
ment to cause exudation, and without as far as we can see, any
other directly exciting cause; and as the hardness of these
ats is of manifest service to the plant, we may look at the
result as probably due to the selection of so-called spontancous
variations. Every one knows that hard work thickens the
epidermis on the hands; and when we hear that with infants
long before their birth the epidermis is thicker on the palms and
soles of the feet than on any other part of the body, as was ob-
served with admiration by Albinus,® we are naturally inclined
to attribute this to the inherited effects of long-continued use
or pressure.  We are tempted to extend the same view even to
the hoofs of quadrupeds; but who will pretend to determine
how far natural selection may have aided in the formation of
structures of such obvious importance to the animal ?

That use strengthens tho muscles may be seen in tho limbs of artisans
who i 5 and wi lo s the tendons,
and the crests of bone to which they are attached, become enlarged; and
this must likewise be the case with tho blood-vessels and nerves. On
tho ofher hand, when a limb is not used, as by Eastern fanatics, o when
tho merve supplying it with nervous power is effectually destroyed, the
muscles wither. S0 aguin, when the eye is destroyed the optic norve bo-
comes afrophied, sometimes even in the course of a fow months® The
Proteus is furnished with branchi as well as with lungs: and Schreibers=
found that when the animal was compelled to livo in decp water tho

i were developed to thrico their ordinary size, and the lungs wero
patially atrophied. When, on the otherhand, the animal was compelled to
live in shallow water, the Tungs becamo larger and more vascular, whilst
the branchim disappeared in a more or less complete degree. Such modifi-
cations us theso are, however, of comparatively little value for us, as we do
ot actually know that they fend to bo inherited.

In many eases there is reason fo belicve that the lessened use of various
orguns has afficted the corvesponding parts in the offspring. Bub thero
s 1o good evidence that this ever follows in the courso of a single genera-
tion. It appeas, as in the case of genoral or indefinito variability, that
several gencrations wust bo subjected to changed habits for any appreci-
able result. Our domestic fowls, ducks, and geese have almost lost, not

** Paget, Lectures on Pathology,’  p. 10) a curious account of the atrophy

val. . p. 209. of the limbs of rablits after tho do-
* Miller's “Phys,’ Eng. translat, siruction of (he nerve.

pp. 5 Prof. Reed has given Quoted by Leeod, in *Geograph.

( Physiological and Auat. Rescarches;  Bot, om, 1. 1854, p. 182,

)
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only in the individual but in the raco, their power of fight; for wo dy
not see a chicken, when frightened, take flight like a young pheasant,
Hence I was led carefully to compare the lsab-bonesof fows, ducks, pigeons
and rabbits, with tho same bones in the wild parent-specics. Ag fi.
measurements and weights were fally given in the carlior chapters, T need
here only rocapitulato the results. With domestic pigeons, tho length of
the sternum, the prominence of its crest, the length of the scapul and
furcula, tho length of th wings as measured. from tip to tip of the radins,
are all reduced relatively to the same parts in the wild pigeon. The win,
and tail feathers, howover, aro increased in longth, but this may have
little conneetion with the use of the wings or tail, as the lengthened hair
on a dog with the amount of exercise which the breed has ‘habitually
taken. The foet of pigeons, except in tho long-beaked races, aro redueo]
in size. With fowls the crest of the sternum is less prominent, and i
often distorted or monstrous; the wing-bones havo become lighter rela.
tively to the leg-bones, and are apparently a little shorter in compar
with those of the parent-form, the Gallus bankive. With ducks, the crest
of the sternum is affected in the sume manner as in the foregoing cascs:
the fureula, coracoids, and scapulw are all reduced in weight relativly to
the whole skeleton : the bones of the wings are shorter and lighter, and
the bones of the legs longer and heavicr, relatively to cach other, and rea-
tively to the whole skeleton, in comparis ith the same bones in the
wild-duck. The decreased weight and sizo of the bones, in the foregoing
cases, is probably the indirect result of the reaction of the weakened
muscles on the bones. 1 fuiled to compare the feathers of the wings of
the tamo and wild duck; bu Gloger® asserts that in the wild duck tho
tips of the wing-feathers reach almost to the end of the tail, whilst in
the domestic duck they often hardly reach to its base. Ho remarks, als,
on the greater thickness of the legs, and says that the swimming mem-
brane between the toes is reduced ; but I was not able to detect this latter
difference.

With the domesticated rabbit the body, together with the wholo skeleton,
is gonerally largor and heavier than in the wild animal, and the leg-hones
are heavier in duo proportion; but whatover standard of comparison bo
takon, ncither the leg-bones nor the seapulm have increased in lengih
‘proportionally with the increased dimensions of the rest of the skeleton.
The skull has become in a marked manner narrower, and, from the mea-
surements of its capacity formerly given, we may conclude, that this mar-
Towness results from the decreased sizo of the brain, consequent on the
mentally inactive life led by theso closely-confined animals.

We have scen in the cighth chapter’ that silk-moths, which have been
Jept duri i , emerge from their cocoons with
their wings distorted, incapable of flight, often greaf i
ven, according o Quatrefages, quite rudimentary. This condi
‘Wings may be largely owing to the same kind of monstrosity which often
affects wild Lepidoptera when artificially reared from the coeoon; or it way

“Das Abindern der Viigel, 1883, 8. 74,
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bo in part due to an inherent tendency, which is common to the females
of many Bombycidse, fo have their wings in a more or less rudimentary
ut part of the effect may probubly be attributed to long-continued

From the foregoing facts there can be no doubt that certain

parts of the skeleton in our anciently domesticated animals,
have been modifid in length and weight by the effects of
decreased or increased use; but they have not been modified,
us shown in the earlier chapters, in shape or structure. Wo
must, howover, be eautious in extending this latter conclusion
to animals living a free life ; for these will occasionally be ex-
posed during successive generations to the severest competition.
\\ ith wild animals it would be an advantage in the strugglo for
Tife that every superfluous and useless detail of structure should
be removed or absorbed ; and thus the reduced bomes might
ultimately become changed in structure. With highly-fed do-
mesticated animals, on the other hand, there is no economy of
growth, nor any tendency to the elimination of trifling and
superfluous details of structure.

Turning now to more general observations, Nathusius has
shown that, with the improved races of the pig, the shortened legs
and snout, the form of the articular condyles of the occiput, and
the position of the jaws with the upper canine teeth projecting in
& most anomalous manner in front of the lower canines, may
be attributed to these parts not having been fully exercised. For
the highly-cultivated races do not travel in search of food, nor
root up the ground with their ringed muzzles. These modifica-
tions of structure, which are all strictly inherited, characterise
soveral improved breeds, so that they cannot have been de-
rived from any single domestic or wild stock# With respect
to cattle, Professor Tanner has remarked that the lungs and
Tiver in the improved breeds “are found to be considerably
« reduced in size when compared with those possessed by animals
“ having perfect liberty;”# and the reduction of these organs
affects the general shape of the body. The cause of the reduced
lungs in highly-bred animals which take little exercise is ob-

it (Dia | EaemSioth S s 120,18,
0, s
. Belweineschidel 1864,  land Boarni mo P

Sehwve
studien
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vious; and perhaps the liver may be affected by the nutritious
and artificial food on which they largely subsist.

1t 5 well known that, when an artery is tied, the anastomosing branches,
from being forced to transmit more blood, increase in diameter; and this
i cannot; bo aceounted for by mero extension, as their conts gain iy
strength. Mr. Herbert Spencer™ has argued that with plants the flow of
sap from the point of supply to tho growing part first elongates the cells
in this line; and that the cells then becomo conflucnt, thus forming thy
ducts; 5o that, on this view, the vessels in plants are formed by the mutuz]
reaction of the flowing sap and cellular tissue. Dr. W. Turner has ro.
marked, with respect fo the branches of arterics, and Lkewiso to a certaiy
extent with nerves, that the great principle of compensation frequently
comes into play; for “ when two nerves pass to adjacent; cutancons arcas,
“ an inverse relation as regards size may subsist between them 5 & deficiency
“in one may be supplied by an increase in the other, and thus the area of
 the former may bo trespassed on by the latter nerve.” But how furin
these cases the difference in sizo in tho nerves and arteries s dne to ori-
ginal variation, and how far to increased use or action, i not clear.

In reference to glands, Mr. Paget observes that “when one Kkidney is
“ destroyed the other often becomes much larger, and does double work.” »
If we comparo the sizo of the udders and their power of secration in cows
which have been long domesticated, and in certain goats in which the udders
nearly touch th ground, with the size and power of scretion of thess orguns
in wild or half-domesticated animals, the difforence is great. A good cow
with us daily yields more than five gallons, or forty pints of milk, whilst
a first-rato animal, kept, for instance, by the Damaras of South Africa
“rarely gives more than two or three pints of milk daily, and, should her
“ calf bo taken from her, sho absolutely refuses to give any.” We may
attribute the excellence of our cows, and of certain goats, partly to
the continued. selection of the hest milking animals, and parily fo tho
inherited effects of the increased action, through man's art, of the seereting
glands.

Tt is notorious, as was remarked in the twelfth chapter, that shortsight
is inherited; and if wo compare watchmakers o engravers with, o
instance, sailors, we can hardly doubt that vision continually directed
towards a near object permanently affects the structure of the eye.

Veterinariaus are unanimous that horses becomo affocted with spavins,
splints, ringbones, &., from being shod, and from travelling on hard roudss
and they are almost equally unanimous that these injuries are transmittel.
Formerly horses wero not shod in North Carolina, and it has been asserted
that they did not then suffor from these diseases of the legs and feet.®

24 <Princigles of Biology, vol

263, Afriea, . For analogous cases in
=« Nutural History Review,

-p. 18.
vl iv,  South America, see Aug. St. Hiluire

Oct, 1864, p. 617, “Voyage dans le Provinc do Goy
2 *Lectures on Surgical Pathology,  tom. i, p. 71. X
1853, vol. i, p. 2.  Brickell's «Nat, Hist. of Norih

P2
# Audersson, Travels in South  Caralina, 1739, p. 53.
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Our domesticated quadrupeds are all descended, as far as is
Jmown, from species having erect ears; yet few kinds can be
named, of which at least one race has not drooping ears. Cats
in China, horses in parts of Russia, sheep in Ttaly and elsewhere,
the guinea-pig in Germany, goats and cattle in India, rabbits,
pigs, and dogs in all long-civilised countries, have dependent
ears.  With wild animals, which constantly use their ecars
like funnels to catch every passing sound, and especially to
ascertain the direction whence it comes, there is not, as Mr.
Blyth has remarked, any species with drooping ears ecopt
the elephant. Hence the incapacity to erect the ears is cer-
tainly in some manner the result of domestication; and this
incapacity lias been attributed by various authors® to disuse, for
animals protected by man are not compelled habitually to uso
their ears.  Col. Hamilton Smith® states that in ancient efiigies
of the dog, “with the exception of one Egyptian instance,
*no sculpture of the earlier Grecian era produces representations
“ of hounds with completely drooping ears; those with them half
* pendulous are missing in the most ancient; and this character
« increases, by degrees, in the works of tho Roman period.”
Godron also has remarked that “the pigs of the ancient Fgyptians
“had not their cars enlarged and pendent.”®  But it is remark-
able that the drooping of the ears, thongh probably the effect
of disuse, is not accompanied by any decreaso in sizo; on the
contrary, when we remember that animals so different as fancy
xabbits, certain Tndian breeds of the goat, our potted spanicls,
bloodhounds, and other dogs, have enormously elongated cars,
it would appear as if disuse actually caused an increase in length,
With rabbits, the drooping of the much elongated ears has
affected even the structure of the skull,

Tho tail of no wild animal, as remarked to me by r, Blyth,
is curled; whereas pigs and some races of dogs have their
tails much curled. This deformity, therefore, appears o bo tho
result of domestication, but whether in any way connected with
the lessened use of the tail is doubtful.

* Livingstone, quoted by Youstt on  ® «Naturalis Library, Dogsvol .,
Sheep, p. 142, Hodgson, in *Journal 1840, . 104,

of Asiatic Soe. of Deugal, ol xvl,  3'Do Tsphecs tam. i, 1850, p.
1847, p. 1006, &e. &e. 367,
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The epidermis on our hands is easily thickened, as every ono
Xnows, by hard work. In a district of Ceylon the sheep hayy
« homny eallosities that defend their knees, and which aviso fron,
“ their habit of kneeling down to crop the short herbage, and
 this distinguishes the Jaffna flocks from those of other portions
< of the island;” but it is not stated whether this peculiurity
is inherited.*

The mucous membrane which lines the stomach is continuous
with the external skin of the body ; therefore it is not surprising
that its texture should be effected by the nature of the fond
consumed, but other and more interesting changes likewiso
follo. Hunter long ago observed that the muscular coat of the
stomach of a gull (Larus tridactylus) which had been fed for s
year chiefly on grain was thickened; and, according to Dr.
Edmondston, a similar change periodically occurs in the Shetland
Tslands in the stomach of the Larus argentatus, which in the
spring frequents the com-fields and feeds on the sced. The
same careful observer has noticed a great change in the stomach
of a raven which had been long fed on vegetable food. In the
case of an owl (Striz grallaria) similarly treated, Menetries states
that the form of the stomach vas changed, the inner coat becamo
leathery, and the liver increased in size. Whether these modi-
fications in the digestive organs would in the course of geners-
tions become inherited is not known*

The increased or diminished length of the intestines, which
apparently results from changed diet, is a more remarkable
case, because it is characteristic of certain animals in their
domesticated condition, and therefore must be inherited. The
complex absorbent system, the blood-vessels, nerves, and museles,
are necessarily all modified together with the intestines. Ac-
cording to Daubenton, the intestines of the domestic caf are
one-third longer than those of the wild cat of Europe; and
although this species is not the parent-stock of the domestic
animal, yet, as Isidore Geoffroy has remarlked, the several species,

i e e e qun{/:d in Macgillivray’s *British

oo
> vol. v. p. 530: Menetrics, 88
= ot fmemmg satements, wo  quoed P Gesohichte der

0 B
Huntidh ey i €Oleeritionss  Nabus! B 1l w110,

1861, vol. i p. 829; Dr. Edmondston,
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of catsare o closely allied that tho comparison is probably  fuir
one. The increased length appears to be duc to the domestic
cat being less strictly carnivorous in its diet than any wild
feline species; I have scen a French kitten eating vegetables
as readily as meat. According to Cuvier, the intestines of
the domesticated pig exceed greatly in proportionate length
those of the wild boar. In the tame and wild rabbit the
change is of an opposite nature, and probably results from the
nutritious food given to the tame rabbit.3

Changed Habits of Life, independently of the Use or Disuse
of particular Organs.—This subject, us far as the mental
povers of animals are concerned, so blends into instinct, on
which I shall treat in a fature work, that I will here only
remind the reader of the many cases which occur under domes-
tication, and which are familiar to every one—for instance the
tameness of our animals—the pointing or retrieving of dogs—
their not attacking the smaller animals kept by man—and so
forth. How much of these changes ought to be attributed to
inherited habit, and how much to the selection of individuals
which have varied in the desired manner, irrespectively of tho
special circumstances under which they have been kept, can
seldom be told. We have already scen that animals may be
habituated to a changed diet; but a fow additional instances
may here be given.

In the Polynesian Islands and in China the dog is fed exclu-
sively on vegetable matter, and the taste for this kind of
food is to a certain extent inherited® Our sporting dogs will
not touch the bones of game birds, whilst other dogs devour
them with greediness. In some parts of the world sheep have
been largely fed on fish. The domestic hog is fond of barley,
the wild boar is said to disdain it; and the disdain is partially
inherited, for some young wild pigs bred in captivity showed
an aversion for this grain, whilst others of the same brood
relished it One of my relations bred some young pigs from

34 Theso statements on the intestings  bonme, 1825, val. 21,
are taken from idoro Geoffioy St % Burdach, *Traité do Phys,’ tom,
Hilaire, * Hist. Nat. Gén.," tom. it pp, 207, as quoted by Dr. P. Lucas,
197, 441 *UHeréd, Nat,” . 588,
 Gilbert White, *Nut. Hist, Scl-

. 1
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a Chinese sow by a wild Alpine boar; they lived freo in the
park, and were so tame that they came fo the house to be
fed ;- but they would not touch swill, which was devoured Ty
the other pigs. An animal when once accustomed to an up.
natural diet, which can generally be effected only during yonth,
dislikes its proper food, as Spallanzani found to be the cas
with a pigeon which had been long fed on meat. Individuals
of the same species take to new food with different degrees of
readiness; one horse, it is statéd, soon learned to eat meat,
whilst another would have perished from hunger rather than
have partaken of it."

The caterpillars of the Bombyw hesperus feed in a stato of
nature on the leaves of the Café diable, but, after having been
reared on the Ailanthus, they would not touch the Café diabi,
and actually died of hunger.

Tt has been found possible to accustom marine fish to live
in fresh waters but as such changes in fish, and other marine
animals, have been chiefly observed in a state of nature, they
do mot properly belong to our present subject. The period
of gestation and of maturity, as shown in the earlier chapters—
the season and the frequency of the act of breeding,—have all
been greatly modified under domestication.  With the Egyptian
goose the rate of change in the season has been recorded?
The wild drake pairs with one female, the domestic drake is
polygamous.  Certain breeds of fowls have lost the habit of
incubation. The paces of the horse, and the mamer of flight
in certain breeds of the pigeon, have been modified, and are
inherited. The voice differs much in certain fowls and pigeons
Some breeds are clamorous and others silent, as in the Call and
common duck, or in the Spitz and pointer dog. Every one
knows how dogs differ from each other in their manner of
hunting, and in_their ardour after different kinds of game or
vermin.

With plants the period of vegetation is easily changed and
is inherited, as in the case of summer and winter wheat, barley,

7 This and several other cases are  Soe. d’Acclimat,’ tom. viil, 1861 P
given by Colin, * Physiologie Comp. des .
Aunimaux Dom.,’ 1854, tom. i. p. 426. ® Quatrefges, * Uni

L. Michely de Cayenne, in ‘Bull.  Humaine, 1861, p.

de VEspe
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and vetches; but to this subject we shall immediately rotum
under acelimatisation.  Annual plauts sometimes become peren.
nial under a new climate, as I hear from Dr. Hooker is the casy
with the stock and mignonette in Tasmania, On the other
hand, perennials sometimes become annuals, as with the Ricinus
in England, and.as, according to Captain Mangles, with many
varieties of the heartsease. Von Berg® mised from seed of
Verbascum phenicium, which is usually a biennial, both anmual
and perennial varieties. Some deciduous bushes become ever-
green in hot countries  Rice requires much water, but thero is
one variety in India which can bo grown without irrigation.®
Certain varieties of the oat and of our other cereals are best fittod
for certain soils.® Endless similar facts could be given in the
animal and vegetablo kingdoms. They are noticed here becauso
they illustrate analogous difforences in closely allied natural
species, and because such changed habits of life, whother due to
use and disuse, or to the direct action of external conditions,
or to so<alled spontancous variation, would be apt to lead tg
modifications of structure,

Acclimatisation—From the. previous remarks we are naturally
led to the much disputed subject of acclimatisation. There are
two distinet questions: Do varieties descended from the same
species differ in their power of living under different climates ?
And secondly, if they so difier, how have they become thus
adapted? We have seen that European dogs do not succeed
well in India, and it is asserted, that no one has succeeded in
there keeping the Newfoundland long alives but then it may be
argtied, probably with truth, that these northern breedsare speci-
fieally distinct from the native dogs which flourish in Tndia, The
same remark may be made with respect to different breeds of
sheep, of which, according to Youatt, not one brought  from
- torrid climate lasts out the second year,” in the Zoological
Gardens. But sheep pable of degree of acclimatisati
for Merino sheep bred at the Cape of Good Hope have been found

o “Flom, 1835, B.i. p. 504, 4 < Gardener's Chronicle” 1850, pp.
@ Alph, De S;;:lo“c, “ Géograph, 204, 219,

i p. . Everest, ¢ Journal As, Soc.
Royle, ¢ Hlustrations of the Botany ~ of ‘Bengal, vol. iii. p. 19,
of the Himalaya, p. 19, “ Youatt on Sheep, 1838, p. 491,

. YOL. 1L, x
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far better adapted for India than those imported from England
It is almost certain that the breeds of the fowl are descendeq
from the same species; but the Spanish breed, which thers js
good reason to believe originated near the Mediterranca,s
though so fine and vigorous in England, suffers more from fros;
than any other breed. The Arrindy silk-moth introduced from
Bengal, and the Ailanthus moth from the temperate provines of
Shan Tung, in China, belong to the sume specics, 08 wo may
infer from their identity in tho caterpillar, cocoon, and maturs
states; “ yet they differ much in constitution : the Indian form
“will flourish only in warm latitudes,” the other is quite hardy
and withstands cold and rain.

Plants are more strictly adapted to climate than aro animals. The latter
when domesticated withstand such great diversities of climate, that wo
find nearly the samo species in tropical and temperate countries; whilst
the cultivated plants are widely dissimilar. Hence a largor field is open
for inquiry in regard to the acclimatisation of plants than of animals. It
is n ation to say that with almost every plant which has long
been cultivated varieties exist, which are endowed with constitutions fitted
for very different climates; I will select only a few of the moro striking
cases, as it would be tedious to give all. In North Ameriea numerous
fruit-trees have been raised, and in hortieultural publications,—for instance,
in Downing,—lists are given of the varieties which are best ablo to withe
stand the severe climate of the northern States and Canada. Many American
varictics of the pear, plum, and peach are excellent in their own country,
but until recontly hardly one was known that suceeeded in England; and
‘with apples, not one succeeds. Though the American varieties can with-
stand a severer winter than ours, tho summer here is not hot enough.
Fruit-troes have originated in Europe as in America with different const-
tutions, but they are not here much noticed, as the same nurserymen do
not supply & wide area. The Forelle pear flowers carly, and when tho
flowers have just set, and this is the critical period, they havo been
observed, both in France and England, to withstand with complete impu-
ity a frost of 18° and even 14° Fahr., which killed the flowers, whether fully
expanded or in bud, of all other kinds of pears.** This power in the fover
of resisting cold and afterwards producing fruit does not invariably de-

as wo know on good authority,” on general constitutional vigour.

# Royle, ¢ Prod. Resources of Tndia, 4 Seo romarks by Editor in * Ganl.
P. 153, Chroniclo, 1848, p. 5.
47 Togetmeler,  Poultry Book,’ 1866, % ¢Gard. Chronicle; 1860, p. 98-
02. ‘Remarks by Editor and quotation fron
4 Dr. R, Paterson, in a paper com-  Decaisne, R
municated to Bot. Soc. of Cavada, 5 J. do Jonghe, of Brusscls, it
quoted in the ¢ Reader, 1863, Nov. 13th. ¢ Gard. Chronicle,” 1857, p. 612.
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Ciar. XXIV. ACCLIMATISATION, 807
m ing northward, the number of varieties which are enabled to
resist the climate rapidly decreases, s may be seen in the list of tho
varieties of the cherry, apple, and pear, which ean bo cultivated in tho
‘neighbourhood of Stockholm.** Near Moscow, Prince Troubetzkoy planted
for experiment; in the open ground several variotics of tho pear, but oo
alone, the Poire sans Pepins, withstood the cold of winters Wo thus
see that our fruit-trees, like distinet species of the same genus, cortainly
difer from each other in their constitutional adaptation to difforent
climates.

With the varieties of many plants, the adaptation to climate is often very
close. Thus it has been proved by repeated trials *that few if any of the
 English varieties of wheat aroadapted for cultivation in Scotland;”* but
the fuilure in this caso is at first only in the quantity, though ultimately in
the quality, of the grain produced. Tho Rov. J. M. Berkeley sowed wheat-
seed from India, and got “ the most meagro cars,” on land which would
certainly have yielded o good crop from English wheat® In thess cases
varitics have been carried from a warmer to a cooler climate; in tho
Toverse case, as “ when wheat was imported directly from Franco into tho
1 West Indian Islands, it produced either wholly barren spikes or fur-
+ nished with only two or three miserable seeds, while West Indian sced
“ Dy its sido yiclded an enormous harvest.”* Hero is another caso of close
adaptation to a slightly cooler climate; a kind of wheat which in England
may bo used indifferently cither as a winter or summer variety, when
sown under the warmer climate of Grignan, in France, behaved exactly
asif it had been a truo winter wheat.?

Dotanists beliove that all the varieties of maize belong to the same
species; and we have soen that in North America, in proceeding north-
ward, the varieties cultivated in each zone produco their flowers and
ripen their seed within shorter and shorter periods. So that the tall,
slowly maturing southern varioties do not succeed in New England, and

Hence it has been found possible, according to Kalm, to cultivato maize
further and further northwards in America. In Europe, also, as we learn
from the evidence given by Alph. De Candolle, the culture of maizo has
extended sinco the end of the last century thirty leagues north of its former
boundary* On the authority of the great Linnzeus® I may quote an
i s SO s

 Oh. Martius, *Voyage Bot, Cotes
Sept. de la Norvage, p. 26,

< Journal de ' Acad, Hort, de Gand,"
quoted in * Gard. Chron., 1559, p. 7.

¢ Gard, Chroniele, 1851, p

i Tdem., 1862, p. 235.

% On the authority of Labat, quoted
n “Gand, Chron.,” 1862, p. 235,
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7 MM. Edwards and Colin, ¢ Annal.
des Se. Nat., 2udserics, Bot.,tom. v.p. 22,

# Géograph, Bot. p. 357.

© ‘Syelish Acts, Eng. tranla,,
173940, vol. i. Kalm, in his  Travels,

vOl i p. 166, gives an analogons case
‘ith eotton-plants raised in New Jersey
from Caroling sced.
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308 LAWS OF VARIATION. Cuar, X317,
analogous cam, mamely, that in Sweden tobaceo raised from home-growy
seed ripens its seed @ month sooner and is less liablo to misearry hyy
plants raised from foreign sced.

With the Vino, differently from the maize, the line of practical eultury
has rotreated a littlo southward sinco tho middle 28023 bt his seng
due fo commerce, including that of wine, being now frecr or moro casy,
S e e northwand Lo it
acclimatisation has made o progress during several centurics,

some being hardy, whilst others, liko the muscat of Alexandria, l'sqmml
very high temperature to come to perfection.  According to Labat vine
taken from Franco to the West Indies succeed with extremo diffclty, whly
thoso imported from Madeira, or the Canary Tslands, thrive admirably,

Gallesio gives a curions account of the naturalisation of tho l)nn
Ttaly. During many centuries the sweet orange was propagated nxcln_
sively by grafts, and o often suffored from frosts that it roquired p
After the severo frost of 1709, and moro espeeially after that of 1763, sy
many trees were destroyed that seedlings from the sweet orange wero
raised, and, to the surprise of the inhabitants, their fruit was found o be
sweet. Tho trees thus raised wore larger, moro productive Imd hardier
than the former kinds; and scedlings are now continually-raised. Henos
Gallesio concludes that much more was efected for the mmmlmhhn o
the orange in Ttaly by the accidental production of new kinds during
a period of about sixty years, than had been effected by grafting old
varicties during many ages® I may add that Risso® deseribes somo

ortuguese varieties of the orange s extremely sensitive to cold, and as
much tenderer than certain other varietics.

peach was known to Theophrastus, 322 5.0 Acconding fo tho
mmunnes quoted by Dr. F. Rolle, it was tender when first introduced
o Gireece, and even in the island of Rhodes only oceasionally bors fruit
1 s o correct, the peach, in spreading during the last two thousud
years over the middle parts of Europe, must have become much hn.dm,
At tho present day different varieties differ much in hardiness:
French varieties will not succeed in England; and near Paris, o Fos
de Bonneusl does ot ripen its fruit 4ill very late, even when grown on &
wall; “ it is, therefore, only fit for a very hot southern climate.”

1 will briefly give a few other cases. A variety of Magnalia grandifort,
raised by M. Roy, withstands cold several degrees lower than that which
any other variety can resist. With camellins thero is much
in hardiness. One particular variety of Noisette xose withstood the severd
frost of 1860 “ untouched and hale amidst . aniversal destruction of otbet

© De Candolle, *Géograph. Bot, p.

& ¢ Gard, Chronicle, 1862, p. 235,
© Gallesio, *Teoria della R
dusime Veg.! 1816, p. 135; and

G T
sur THist, des l)Ann"cm,

1815, p. 20, &e.
o Alj »h Do Candolle, *Géograple
Bot.;

i Darvins Ty S =
nnmnu.,g. &e, 1862, .

i, quoted in - G, e
nicle,” lE(iJ, p. 271
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Cuar, XXIV, ACCLIMATISATION, 309

« Noisottes.” Tn New York the Irish yew is quite hardy, but the com-
“ mon yeow is lisble to be cut down.” I may add that there are varieties
of the sweet potato (Convoloulus batatas) whichi are suited for Warmer,
as well as for colder, climates.”

The plants as yet mentioned have been found capable of
resisting an unusual degreo of cold or heat, when fully grown.
The following cases refer to plants whilst young. In a large
bed of young Araucarias of the same age, growing close to-
gether and equally exposed, it was observed,® after the unusually
severe winter of 1860-61, that, “in the midst of the dying,
“ numerous individuals remained on which the frost had abso-
“lutely made no kind of impression.” Dr. Lindley, after
alluding to this and other similar cases, remarks, “ Among
“the lessons which the late formidable winter has taught us,
“is that, even in their power of resisting cold, individuals of
“ the same species of plants are remarkably different” Near
Salisbury, there was a sharp frost on the night of May 24th,
1836, and all the French beans (Plaseolus vulgaris) in a bed
wore killed except about one in thirty, which completely
escaped® On the same day of the month, but in the year
1864, there was a severe frost in Kent, and two rows of scarlet-
runners (2. multiflorus) in my garden, containing 390 plants of
the same age and equally exposed, were all blackened and killed
except about a dozen plants. In an adjoining row of  Fulmer's
dwarf bean” (P. vulgaris), one single plant escaped. A still
more severe frost occurred four days afterwards, and of the dozen
plants which had previously escaped only three survived; these
wero ot taller or more vigorous than the other yomg plants,
but they escaped completely, with not even the tips of their
Jeaves browned. It was impossible to behold these three plants,
with their blackened, withered, and dead brethren all round
them, and not see at a glance that they differed widely in con-
stitutional power of resisting frost.

This work is not the proper place to show that wild plants

 For the magnolin, see Loudon's  von Sichold, in “ Gard, Chron,? 1855,
“Gard. Mag,’ vol. xiil, 1887, p. 21 p, 822,

For_cumellins and roses, se *Gard, % The Edior, * Gard. Chron.; 1861,
Chron,” 1860, p. 38%. For the yew, p. 250,

“Journal of Hort,’ March 8rd, 1863, % Loudon's * Gard. Mag,’ vol, xi
P 174, For swoct polatocs, sea Col. 1836, p. 575,
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310 LAWS OF VARIATION. e, xxy,
of the same species, naturally growing at different, alfitudes
or under different latitudes, become to a certain extent gocl.
matised, as is proved by the different behaviour of their sood.
lings when raised in England. In my *Origin of Spocicy:
T have alluded to some cases, and I could add others. (pe
instance must sufiice: Mr. Grigor, of Forres™ states. thag
sedlings of the Scotch fir (Pinus syloestris), raised from seod
from the Continent and from the forests of Scotland, differ
much, “The difference is perceptible in one-year-old, and more
“s0 in two-year-old seedlings; but the effects of the winter on
“ the second year's growth almost uniformly make those from
« the Continent quite brown, and so damaged, that by the month
“ of March they are quite nnsaleable, while the plants from the
“ native Scotch pine, under the same treatment, and standin

“ alongside, although considerably shorter, are rather stouter and
“ quite green, so that the beds of the one can be known from the
« other when seen from the distance of a mile.” Closely similar
facts have been observed with seedling larches.

Hardy varictios would alone be valued or noticed in Europe; whilst
tender varictics, requiring more warmth, would generally be neglected;
ut such occasionally arise. Thus Loudon™ describes a Cornish variety
of the elm which is almost an overgreen, and of which the shoofs are
often killed by the autumnal frosts, so that its timber is of little value.
Horticulturists know that somo varicties are much more tender than
others: thus all the varieties of the broccoli are more tender than cab-
Bages; but thero s much difforence in this respeet in the sub-varisies of
the broceoli; the pink and purple kinds aro a little hardier than the whits
Cape broccoli, “ but they aro not to bo depended on after the thermometer
« falls bolow 24° Fuhr.:” the Walcheren broceoli s less tender than the
Cape, and there are several varicties which will stand much severer cold
than the Walcheren® Caulifiowers scod more freely in India than cab-
bages™ To give one instance with flowers: cleven plants raised from &
ollyhock, called the Queen of the Whites,™ were found to be much mare
tender than various other scedlings. It may bo presumed that all tender
‘varieties would succeed better under a climate warmer than ours. With
fruit-troes, it is woll known that certain varieties, for instance of fho
peach, stand foreing in a hot-house better than others; and this shows

70 ¢ Garlener's Chron.,’ 1865, p. 699. 73 Dr, Bonavia, ¢ Report of the Agii~
7 Arboretum et Fruticetum,’ vol. Hort, Soc. of Oudh,’ 1365,

i, p. 1376. 7« Cottage Gardener,’ 1560, Apil

™ Mr. Robson, in “Joural of Horti-  24th, p. 57,

culture,’ 1861, p. 28,

Darwin Online: By permission of the Trustees of the Natural Listory Musetm et



Curar, XXIV. ACCLIMATISATION. 811

siter DI it i ol i kol ifBron, T

lual cherry-tree, when forced, has been obsered during sucees-
e mim e i e Pelargo-
‘iums can resist the heat, of . stove, but Al multifora will, as a most
skilful gardener asserts, * stand pine-apple top and bottom heat the whole
« winter, withont looking any more drawn  than if it had stood in a com-
“mon greenhouso; and Blanche Fleur socms us if it had been made on
« purpose for growing in winter,like many bulbs, and to rest all summer.” ™
There can hardly be & doubt that the AZba multifiora pelargonium must
havo a widely different constitution from that of most other varioties of this
plant; it would probably withstand even an equatorial climate.

We have seen that according o Labat the vine and wheat require aceli-
matisation in_order to succeed in the West Indies. Similar facts have
Deen observed af Madras:  two parcels of mignonette-seed, one dircot
“ from Europe, the other saved at Bangalore (of which the mean lempo
 ure is much below thatof Madras) were sown at the same time: they both

“ vegotated equally favourably, but the former all died off a few da,)s after
“they appeared above ground; the latter still survive, and aro vigorous
“ healthy plants.” So again, “ turnip and carrot seed saved at Hyderabad
“aro found to answer better at Madras than seed from Europe or from the
“ Cape of Good Hope” 3r. J. Seott, of the Calcutta Botanic Gardens,
informs me that seeds of the swoot-pea (Lathyrus odoratus) imported from
England produce plants, with thick, rigid stems and small leaves, which
rarely blossom and never yield seed; plants raised from French sood
blossom sparingly, but all the flowers are sterile; on the other hand,
plants raised from seet-peas grown ncar Darjeeling in Upper India, b\\t
originally derived from England, can be successfully cultivated on
plains of India; for they flower and sced profusely, and their stems o
lax and scandent. In some of the foregoing cases, as Dr. Hooker has
remarked to me, the greater ey erhige' 18 sicniad 1 o

having been more fully ripened under a more favourable climate ;
bt his viow can hrdly bo extondod {o s0 Tany. cases, including plants,
‘which, from being cultivated under a climato hotter than their native one,
ecome fitted for a stil hotter climate. We may therefore safely conclude
that plants can to a certain extent becomo accustomed to a climate cither
hotter or colder than their own; although these Intter cases have been
‘more frequently observed.

We will now consider the means by which acclimatisation
may be effected, namely, through the spontaneous appearance
of varieties having a different constitution, and through the
effects of use or habit. In regard to the first process, there
is no evidence that a change in the constitation of the off-

7 *Gardoner's Chroniele; 1841, p. il also stand stove heat, see Gord,
201 Chronicle, 1845, p. 226.

7 Mr. Beaton,in Cottgo Garlenery 7 + Gandenews Chroicle; 1841, p.
March 20th, 1860, p. 577. Quecn Mab 439,
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812 LAWS OF VARIATION, Caar. Xx1v,
spring necessarily stands in any direct relation with the nature
of the climate inhabited by the parents.  On the contrary,
it is certain that hardy and tender varieties of the same species
appear in the same country. New varieties thus spontan.
ously arising become fitted to slightly different climates jn
two different ways ; firstly, they may have the power, cither as
seedlings or when full-grown, of resisting intense cold, as i),
the Moscow pear, or of resisting intense heat, as with some kinds.
of Pelargonium, or the flowers may withstand severo frost, ag
with the Forelle pear. Secondly, plants may becomo adapted
to climates widely different from their own, from flowering and
fruiting either earlier or later in the season. In both. these
cases the power of acclimatisation by man consists simply in the
selection and preservation of new varieties. But without any
direct intention on his part of securing a hardier variety, acel-
matisation may be unconseiously offected by merely raising
tonder plants from seed, and by oceasionally attempting their
cultivation further and further northwards, as in the case of
maize, the orange, and the peach.

How much influence ought to be attributed to inherited habit
or custom in the acclimatisation of animals and plants is a
much more difficult question. In many cases natural selection
can hardly have failed to have como into play and complicated
the result. Tt is notorious that; mountain sheep resist severo
weather and storms of snow which would destroy lowland
breeds; but then mountain sheep have been thus exposed from
time immemorial, and all delicate individuals will have been
destroyed, and the hardiest preserved. So with the Arrindy
sillkemoths of China and India; who can tell how far natural
selection may have taken a share in the formation of the two
Taces, which are now fitted for such widely different climates?
It seems at first probable that the many fruit-trees which are
so well fitted for the hot summers and cold winters of North
America, in contrast with their poor success under our climate,
have become adapted through habit ; but when we reflect on
the multitude of seedlings annually raised in that country,
and that none would succeed unless born with a fitting con-
stitution, it is possible that mere habit may have done nothing
towards their acclimatisation, On the other hand, when we
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hear that Merino sheep, bred during no great number of genera-
tions at the Cape of Good Hope—that some European plants
mised during only a few generations in the cooler parts of
India, withstand the hotter parts of that country much better
than the sheep or seeds imported dircetly from England, we
must attribute some influence to habit. We are led to the
same conclusion when we hear from Naudin™ that the races of
melons, squashes, and gourds, which have long been cultivated
in Northern Burope, are comparatively more precocious, and
need much less heat for maturing their fruit, than the varieties
of the same species recently brought from tropical regions. In
the reciprocal conversion of summer and winter wheat, barley,
and vetches into each other, habit produces a marked effect
in the course of a very few generations. The same thing ap-
parently occurs with the varieties of maize, which, when carried
from the Southern to the Northern States of America, or into
(Germany, soon become accustomed to their new homes. With
vine-plants taken to the West Indies from Madeira, which are
said to succeed better than plants brought directly from France,
we have some degree of acclimatisation in the individual, inde-
pendently of the production of new varieties by seed.

The common experience of agriculturists is of some value,
and they often advise persons to be cautious in trying in one
country the productions of another. The ancient agricultural
writers of China recommend the preservation and cultivation
of the varieties peculiar to each country. During the classical
period, Columella wrote, “ Vernaculum pecus peregtino longe
“ prasstantius est,” ™

I am avare that the attempt to acclimatise cither animals or
plants has been called a vain chimera. No doubt the attempt
in most cases deserves to be thus called, if made independ-
ently of the production of new varieties endowed with a dif-
ferent constitution. Habit, however much prolonged, rarely
produces any effect on a plant propagated by buds; it ap-
parently acts only through successive seminal generations,

7 Quoted by Asu Gray, in ‘Am.  Chinois; tom. xi. 1786, p. 60. Columella,
Journ. of nd scries, Jun, 1865, is quoted by Carlier, in ¢ Journal
iysique,” tom, xxiv, 1764,

P. 106,
 For China, sce *Mémoiro sur les
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The laurel, bay, lurestinus, &c., and the Jerusalom artchols,
which are propagated by cuttings or tubers, are probubly noy
as tender in England as when first introduced; and this appears
to be the case with the potato, which until recently was seldony
multiplied by seed. With plants propagated by seed, and wity
animals, there will be little or no acclimatisation unless the
hardier indivi are either intenti or iously
preserved. Tho kidney-bean has often been advanced as an
instance of a plant which has not become hardier since its first
introduction into Britain. We hear, however, on excellent
authority,* that some very fino sced, imported from abroad,
produced plants “which blossomed most profusely, but wers
“nearly all but abortive, whilst plants grown alongside from
“ English seed podded abundantly ;” and this apparently shows
some degree of acclimatisation in our English plants, We
have also scen that seedlings of the kidney-bean occasionally
appear with a marked power of resisting frost; but no one, as
far as I can hear, has over separated such hardy seedlings, so
as to prevent accidental crossing, and then gathered their sced,
and repeated the process year after year. It may, however,
be objected with truth that natural selection ought to have
had a decided effect on the hardiness of our kidney-beans; for
the tenderest individuals must have been killed during every
severe spring, and the hardier preserved. But it should b
borne in mind that the result of increased hardiness would
simply be that gardeners, who are always anxious for as early o
crop as possible, would sow their seed a few days earlier than
formerly. Now, as the period of sowing depends much on the
soil and elevation of each district, and varies with the season;
and as new varieties have often been imported from abroad, can
we feel sure that our kidney-beans are not somewhat hardier?
T have not been able, by searching old horticultural works, to
answer this question satisfactorily.

On the whole the facts now given show that, though habit
does something towards acclimatisation, yet that the sponta-
neous appearance of constitutionally different individuals s @
far more effective agent. As no single instance has been
recorded, either with animals or plants, of hardier individuals
2.

® Messrs. Hardy and Son, in ¢ Gard. Chronicle, 1856, p.
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having been long and steadily selected, though such solection
i admitted to bo indispensablo for the improvement of any
other character, it is not surprising that man has done little
in the acclimatisation of domesticated animals and cultivated
plants. We need not, however, doubt that under nature new
races and new species would become adapted to widely different
climates, by spontaneous variation, aided by habit, and regulated
by natural selection.

Aprests of Development : Rudimentary and Aborted Organs.

Theso subjects are here introduced because there is reason to believe
that rudimentary organs aro in many cases tho result of disuse. Modifica-
tions of structure from arrested development, so great o so serious as to
deserve to be ealled monstrosities, are of common oceurrence, but, as they
differ much from any normal structure, they require here only a. passing
notice. When a part or organ is arrested during its embryonic growth,
a rudiment is generally left.  Thus the whole head may be representod by
a soft nipple-like projection, and the limbs by mere papille. These rudi-
‘ments of limbs aro sometimes inherited, as has been observed in a dog.

Many lesser anomalies in our domesticated animals appear to be due to
arrested dovelopment, What the causo of the arrest may be, wo seldom
know, except in the case of direct injury to the embryo within the egg or
womb. That the eauso docs not generally act at a very early embryonic
‘period wo may infr from the affected organ seldom being wholly aborted,
—a rudiment being generally preserved. The external cars are represented.
by ‘mere vestiges in @ Chinese breed of sheep; and in another breed, the

tail is reduced “ to a little button, suffocated, in a manner, by fat”® Tn
tailless dogs and cats @ stump is left; but I do not know whether it
includes at an early embryonic age rudiments of all the caudal vertebre.
In certain breeds of fowls tho comb and wattles are reduced to rudi-
‘ments; in tho Cochin-China breed scarcely more than rudiments of spurs
exist. With polled Suffolk cattle, “rudiments of horns can often be felt
“at an early age;”™ and with species in a state of nature, the relatively
areater development of rudimentary organs at an carly period of life is
highly charateristic of such organs. With homnless breeds of cattle
and sheep, another and singular kind of rudiment has been observed,

namely, minute dangling horns attached to the skin alone, and which are
often shed and grow again. With hornless goats, according to Desmarest,*

St Isid. Geoftroy S, Hilaire, *Hist, ' Youatt on Cattle, 1834, p. 174,

. des Anomalics,” 1836, tom. ii. pp,  ® *Kneyelop. Mcthod., 1820, p. 483

20 255, 234,305 “Philosoph, Trans. see p. 500, on tho Indian zebu casting.

sk 1775, . 313, its homs.  Similar cases in Buropean
Pallas, quoted by Youatt on Sheep,  cattle wero given in the third chapter.

. =
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216 LAWS OF VARIATION. ez,
tho bony protuberances which properly support the Horns exit s e
rudiments.

With cultivated plans it is far from 70 to find the petal, stamen
and pistls ropresented by rudimonts, liko thoso observed. in natumg
species. 8o it is with the whole seed in many fruits; thus near Asty
here is  grapo with mere traces of seods, 50 small and Iying to neay
“stalk that they aro not perceived in eating tho grape” Tn qory
variotios of the gourd, the tendrils, nccording to Naudin, are representog
by rudiments or by various monstrous growths. In the broceol; g
canlifiower the greater munber of the flovers aze incapable of expansio,
and include rudimentary organs. Tn the Feather hyacinth (it
comosum) the upper and central flowers aro brightly coloured but ra.
mentary; under cultivation the tendency to abortion travels downwards
and outwards, and all the flowers become rudimentary; but the abortive
stamens and pistils are not so small in the lower us in the upper fovers
In the Viburmum opulus, on the other hand, the outer flowers matumlly
‘have their organs of fructification in a rudimentary state, and the corolla.
is of largo size; under cultivation, the change spreads to the centre, and
all the flowers become affected ; thus the well-known Snow-ball bush is
produced. Tn the Composite, the so-called doubling of the flowers cone
sists in the greater development of the corolla of the central florets,
generally accompaniod with some degroo of storility; and it has bean
observed® that the progressive doubling invariably spreads from tho cir-
cumference to the centre,—that is, from the ray florets, which 5o oftax
include rudimentary organs, to those of the dise. T may add, as bearing
on this subject, that, with Asters, seeds taken from tho florets of ths
circumferenco have been found to yield the greatest mumber of doublo
flowers.” In these several cases wo have a natural tendency in eertain
parts to become rudimentary, and this under culturo spreads either fo,or
from, the axis of the plant.” Tt deserves notice, as showing how the sume
laws govern the changes which natural species and artifiial varictis
undergo, that in a series of species in th genus Carthamus, one of the
Composite, a tendency in the seeds to the abortion of the pappus mayle
traced extending from the cireumference to the centre of the diso: thus, |
according to A. do Jussicu,” the abortion is only partial in Cartlams
ereticus, but more extended in C. lanatus ; for in this species two or thres

lone of the central seeds are furnished with a pappus, the surounding
sceds being cither quite naked or frnished with a fow hairs; and last,
in . tinctorius, even the central seeds are destitute of pappus, and the
abortion s complete. |

With animals and plants under domestication, when an orgun &
appears, leaving only a rudiment, the loss has generally been sudden, 85
with hornless and tailless breeds; and such casos may bo ranked as inhe- ‘
rited monstrosities. - But in some few casos tho loss has been gradual,

 Pallas,
il 1. . 245, p.23

 Mr. Beaton, in “Jounal of Hortic % + Aupales du Muséum; tom. ¥
culture,’ May 21, 161, p. 193, p-819.

ravels, Eng. translat, 7 Leooq, ¢ Do In Fécondation; 1883
23

Darwin Online: By permission of the Trustees of the Natural History Musetin (iUt I



Cnar, XXIV.  ARRESTED DEVELOPMENT AND RUDIMENTS, 817

has been partly effected by selection, as with the rudimentary combs and
wattles of certain fowls. We have also scen that the wings of some
domesticated birds have Teen slightly reduced by disuse, and tho great
reduction of the wings in certain silk-moths, with mere Tudiments left,
has probably been aided by disuse.

‘With species in a state of nature, ‘udimentary organs are so extremely
common that scarcely one can be named which is wholly free from 3
blemish of this nature. Such organs are generally variable, as soveral
naturalists have observed; for, being useless, they are not rogulated by
natural selection, and they are more or less liable to reversion. Tho samy
xule certainly holds good with parts which have becomo rudimentary
under domestication. 'We do nof know through what steps under nature
rudimentary organs have passed in heing reduced to their present con-
dition; but we so incessantly see in species of the same group the finest
gradations between an organ in a rudimentary and perfect state, that we
are led to believe that the passage must have been extremely gradual. Tt
may be doubted whether a change of structure so abrupt as the sudden
Loss of an. organ would ever be of service to a species in a state of nature;
for the conditions to which all organisms are closely adapted usually
change very slowly.” Even if an organ did suddenly dissppear in some
one individual by an arrest of development, intercrossing with the ofher
individuals of the same species would causo it to reappear in amore or less
‘perfect manner, so that its final reduction could only be effected by the
slow process of continued disuse or natural selection. It is ‘much more
probable that, from changed habits of life, organs first become of less and
less use, and ultimately superfluous; or their place may be supplied by
some other organ; and then disuse, acting on the offspring through
inheritance at corresponding periods of life, would go on reducing the
organ;. but as most organs could bo of no use at an early embryonio
period, they would not be affected by disuse; consequently they would b
preserved at this stage of growth, and would remain as rudiments, In
addition to the effects of disuso, tho principle of cconomy of growth,
already alluded to in this chapter, would lead to the still further reduction
of all superfluous parts. With respect to the final and total suppression
or abortion of any organ, another and distinct principle, which will be
discussed in the chapter on pangenesis, probably takes a share in the

work.
‘With animals and plants reared by man there is no severe or recurrent
strugglo for existence, and the principle of economy will not com into
action. S0 far, indecd, is this from being the case, that in some instances
orguns, which are naturally rudimentary in the parent-specics, bocomo
partially redeveloped in the domesticated descendants. Thus cows, like
most other ruminants, properly have four active and two rudimentary
mammz; but in our domesticated animals, the latter occasionally beeomo
considerably developed and yield milk. The atrophied mammse, which,
in male domesticated animals, including man, have in some rare cases
grown to full size and secreted milk, aps offer an analogous case.
The hind feet of dogs include rudiments of a fifth toe, and in certain large
breeds theso toes, though still rudimentary, become considerably developed
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and are farnished with claws. In the common Hen, the spurs and comb
are rudimentary, but in certain breeds these become, independently of
age or disease of the ovaria, well developed. The stallion has canine teeth,
but the mare has only traces of the alveoli, which, s I am informed by

gular nodules of bone. These nodules, however, sometimes becomo deve-
Toped into imperfect teeth, protruding through the gums and coated
with enamel; and occasionally they grow to a third or even a fourth of
the length of tho canines in the stallion. With plants I do not know
whether the redevelopment of rudimentary organs occurs more frequently
under culture than under nature. Perhaps the pear-tree may be a case in
‘point, for when wild it bears thorns, which though useful as a protection
are formed of branches in a rudimentary condition, but, when the tree is
cultivated, the thorns are reconverted into branches.

Finally, though organs which must be classed as rudi-
mentary froquently occur in our domesticated animals and
cultivated plants, these have generally been formed suddenly,
through an arest of development. They usually differ in
appearance from the rudiments which so frequently characterise
natural species. In the latter, rudimentary organs have been
slowly formed through continued disuse, acting by inheritance
at a corresponding age, aided by the principle of the economy
of growth, all under the control of natural selection. With
domesticated animals, on the other hand, the principle of eco-
nomy is far from coming into action, and their organs, although
often slightly reduced by disuse, are not thus almost obliterated
with mere rudiments loft.
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CHAPTER XXYV.

LAWS OF VARIATION, continued — CORRELATED VARIABILITY,

EXPLANATION OF TERM — CORRELATION AS CONNECTED WITH DEVELOPME:

'HORNS — CORRELATION OF GROWTH COMPLICATED BY THE ACCUMULATED EFFECTS
N — COLOUR AS CORRELATED WITH CONSTITUTIONAL

Ars the parts of the organisation are to a certain extent
connected or correlated together ; but the connexion may be so
slight that it hardly exists, as with compound animals or the
buds on the same tree. Even in the higher animals various
parts are not at all closely related ; for one part may be wholly
suppressed or rendered monstrous without any other part of
the body being affected. But in some cases, when one part
vaties, certain other parts always, or nearly always, simulta-
meously vary; they are then subject to the law of correlated
variation. Formerly I used the somewhat vague expression of
correlation of growth, which may be applied to many large classes
of facts. Thus, all the parts of the body are admirably co-
ordinated for the peculiar habits of life of each organic being,
and they may be said, as the Duke of Argyll insists in his ¢ Reign
of Law,’ to be correlated for this purpose. Again, in large
groups of animals certain structures always co-exist; for in-
stance, a peculiar form of stomach with teeth of peculiar form,
and such structures may in one sense be said to be correlated.
But these cases have no necessary connexion with the law to
be discussed in the present chapter ; for we do not know that
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the initial or primary variations of the several parts were in any
way related: slight modifications or individual ifferences may
have been preserved, first in one and then in another part,
until the final and perfectly co-adapted structure was acquired ;

but to this subject I shall presently recur. *Again, in many
groups of animals the males alone are furnished with weapons,
or are omamented with gay colours; and these chara
manifestly stand in some sort of correlation with the male
reproductive organs, for when the latter are destroyed these
characters disappear. But it was shown in the twelfth chapter
that the very same peculiarity may become attached at any
age to cither sex, and afterwards be exclusively transmitted
by the same sex at a corresponding age. In these cases we
have inheritance limited by, or correlated with, both sex and
age; but we have no reason for supposing that the original
cause of the variation was necessarily comected with the repro-
ductive organs, or with the age of the affected being.

Tu cases of true correlated variation, we are sometimes able
to seo the nature of the connexion; but in most cases the bond
is hidden from us, and certainly differs in different cases.” We
can seldom say which of two correlated parts first varies, and
induces a change in the other; or whether the two are simul-
tancously produced by some distinct cause. Correlated variation
is an important subject for us; for when one part is modified
through continued selection, either by man or under nature,
other parts of the organisation will be unavoidably modified.
From this correlation it apparently follows that, with our domes-
ticated animals and plants, varieties rarely or never differ from
each other by some single character alone.

One of the simplest cases of correlation is that a modification
which arises during an early stage of growth tends to iufluence
the subsequent development of the same part, as well as of ofher
and intimately connected parts. Isidore Geofiroy St. Hilaire
states! that this may constantly be observed with monstrosities

1 <Hist. des Anomalies/ fom. iii. p. armngement of the nervous system i
m. Prof. Huxley applies the sume  the Mollusca, in his great paper on o
o in accouting s th vk Moplulogy of the Ceplu«!mﬂ Molluses,

bl though norma, difernces in the 1853, p. 36,

Darwin Online: Bv permission of the Trustees of the MNatursl History Museun (London)



Cuar. XXV, CORRELATED VARIABILITY. 321

in tho animal kingdom ; and Moquin‘Tandon* remarks, that,
as with plants the axis cannot becomo monstrous without ir,
somo way affecting. the organs subsequently produced from it, so
axial anomalies are almost always accompanied by deviations of
structure in the appended parts. We shall Ppresently see that
with short-ouzzled races of the dog certain histologieal changes
in the basal elements of the bones arrest their development and
shorten them, and this affects the position of the subsequently
developed molar teeth. It is probable that certain modifications
in the larvee of insects would affect the structure of the mature
insects. Butwe must be very careful not o extend this view too
far, for, during the normal course of development, certain members
in the same group of animals are known to pass through an
extraordinary course of change, whilst other and closely allied
members arrive at maturity with little change of structure,
Another simple case of correlation is that with the increased
or decreased dimensions of the whole body, or of any particular
part, certain organs are increased or diminished in number,
or are otherwise modified. Thus pigeon-fanciers havo gone on
selecting pouters for length of body, and we have seen that their
vertebre are generally increased in number, and their ribs in
breadth. Tamblers have been selected for their small bodies,
and their 1ibs and primary wing-feathers are generally lessencd
in number. - Fantails have been selected for their large widely-
expanded tails, with numerous tail-feathers, and the caudal
vertebr are increased in size and number. Carriers have
een selected for Length of beak, and their tongues have become
longer, but not in strict accordance with the length of beak.
In this latter breed and in others having large feet, the number
of the scutelle on the toes is greater than in the breeds with
small feet. Many similar cases could be given. In Germany
it has been observed that the period of gestation is longer
in large-sized than in small-sized breeds of cattle. With our
highly-improved animals of all kinds the period of maturity
has advanced, both with respect to the full growth of the body
and the period of reproduction; and, in correspondenco with
this, the teeth are now developed earlier than formerly, so that,

* “Blénents do Tératologio Veg., 1841, p. 113,
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to the surprise of agriculturists, the ancient rules for judging
the age of an animal by the state of its teeth are no longer
trustworthy

Correlated Variation of Homologous Parts.—Parts which are
homologous fend to vary in the same manner ; and this is what
might have been expected, for such parts are identical inform.
and structure during an early period of embryonic development,
and are exposed in the egg or womb to similar conditions.
The symmetry, in most kinds of animals, of the] corresponding
or homologous organs on the right and left sides of the body, is
the simplest case in point; but this symmetry sometimes fails,
as with rabbits having only one ear, or stags with one horn, or
with many-horned sheep which sometimes carry an additional
Tom on one side of their heads. With flowers which have
regular corollas, the petals generally vary in the same manner,
as we see in the same complicated and elogant pattern, on the
Hlowers of the Chinese pink; but with irregular flowers, though
the petals are of course homologous, this symmetry often fails,
as with the varieties of the Antirrkinum or snapdragon, or that
variety of the kimy.bm (Phaselus multifiorus) which has a
white standard-petal.

Tn the vortebrata the front and hind limbs are homologous,
and they tond to vary in the sume mammer, as wo sco in long
and short-legged, or in thick and thindegged races of the
horse and dog. Isidore Geoffroy ¢ has remarked on the ten-
dency of supernumerary digits in man to appear, not only on
the right and left sides, but on the upper and lower extremities.
Meckel has insisted ® that, when the muscles of the arm depart
in number or arrangement from their proper type, they almost
always imitate those of the leg; and so conversely the varying
‘museles of the leg imitate the normal muscles of the arm.

Tn several distinet breeds of the pigeon and fowl, the legs and
the two outer toes aro heavily feathered, so that in the trum:
peter pigeon they appear like little wings. In the feather-
logged bantam the “boots” or feathers, which grow from the
outside of the leg and generally from the two outer toes, have

@ Prof. J. B. Simonds, on the Age of 4 *Hist. des Anomalies," tom. 674,

the O, Shoep, &c. quoted in *Gard. ¢ Quoted by Isid. Geoflroy, idem,
Chrouicle, 1854, p. 388, tom. 1. p. 635,
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according to the excellent authority of Mr. Hewitt,® been socn
to exceed the wing-feathers in length, and in one case were
actually nine and a half inches in lngth! As Mr. Blyth has
remarked to me, these log-fonthers resemblo tho primary wing-
feathers, and are totally unlike the fine down which naturally
grows on the legs of somo birds, such as grouse and owls. Henca
it may e suspected that excess of food has first given redun-
dancy to the plumage, and then that the law of homologous
variation has led to the development of feathers on the legs, in
a position corresponding with those on the wing, namely, o the
outside of the tarsi and toes. . I am strengthened in this belicf
by the following curious case of correlation, which for a long
time seemed to me utterly inexplicable, namely, that in pigeons
of any breed, if the legs are feathered, the two outer toes are
partially connected by skin. These two outer toes correspond
with our third and fourth toes. Now, in the wing of the pigeon
or any other bird, the first and fifth digits are wholly aborted ;
the second is rudimentary and carries the so-called “ bastard-
wing;” whilst the third and fourth digits are completely united
and enclosed by skin, togother forming the extremity of the
wing. 8o that in feather-footed pigeons, not only does the ex-
terior surface support & row of long feathers, like wing-feathers,
but the very same digits which in the wing are completely united
by skin become partially united by skin in the feet; and thus
by the law of the correlated variation of homologous parts we
can understand the curious connection of feathered legs and
membrane between the two outer toes.

Andrew Knight" has remarked that the face or head and the
limbs vary together in general proportions. Compare, for instance,
the head and limbs of a dray and race-horse, or of a greyhound
and mastiff.  What a monster a greyhound would appear with
the head of a mastiff! The modern. bulldog, however, has fine
Limbs, but this is a recently-selected character. From the
measurements given in the sixth chapter, we clearly see that
in all the breeds of the pigeon the length of the beak and the
size of the feet are correlated. The view which, as before ex-
plained, seems the most probable is, that disuse in all cases tends

¢ Tho Poultry Dok by W. B, Tegotmeier, 1865, . 230.
7 &, Walker o Infermarringe, 1865, p. 100,
119
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to diminish the feet, the beak becoming at the same time through
correlation shorter ; but that in those few breeds in which length
of beak has been a selected point, the feet, notwithstanding
disuse, have through correlation increased in size.

With the increased length of the beak in pigeons, not only
the tongue increases in length, but likewiso the orifice of the
nostrils. But the increased length of the orifice of the nostrils
perhaps stands in closer correlation with the development of
the corrugated skin or wattle at the base of the beak; for
when there is much wattle round the eyes, the eyelids are greatly
increased or even doubled in length.

There is apparently some correlation even in colour be-
tween the head and the extremities. Thus with horses a large
white star or blaze on the forchead is generally accompanied by
white feet.* With white rabbits and cattle, dark marks often
co-exist on the tips of the earsand on the feet. Inblack and tan
dogs of different breeds, tan-coloured spots over the eyes and
tan-coloured feet almost invariably go together. These latter
cases of connected colouring may be due either to reversion or
to analogous variation—subjects to which we shall hereafter
Teturn,—but this does not necessarily determine the question of
their original correlation. If those naturalists:are correct who
‘maintain that the jaw-b 1 ! with the limb-b 3
then we can understand why the head and limbs tend to vary
together in shape and even in colour; but several highly com-
petent judges dispute the correctness of this v

The lopping forwards and downwards of the immense ears of
fancy rabbits is in part due to the disuse of the muscles, and
in part to the weight and length of the ears, which have been
increased by selection during many gencrations. Now, with
the increased size and changed direction of the ears, not. only
has the bony auditory meatus become changed in outline,
direction, and greatly in size, but the whole skull has been
slightly modified. This could be clearly seen in “half-lops "—
that is, in rabbits with one ear alone lopping forward—or the
opposite sides of their skulls were not strictly symmetrical.
“This scems to me a curious instance of correlation, between hard

5 ¢The Furrier and Naturalist val. i, 1828, p. 456.
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Dones and organs so soft and flexible, as well as so unimportant
under & physiological point of view, as the external ears, The
result no doubt is largely due to mere mechanical action, that
is, to the weight of the ears, on the same principle that the
skull of a human infant is easily modified by pressure.

The skin and the appendages of hair, feathers, hoofs, horns, and.
teeth, are homologous over the whole body. Every one knows
that the colour of the skin and that of the hair usually vary
together so that Virgil advises the shepherd to look whether the
mouth and tongue of the ram are black, lest the lambs should
not be purely white. With poultry and certain ducks we have
seen that the colour of the plumage stands in some connexion
with the colour of the shell of tho egg,—that is, with the
mucous membrane which secretes the shell. The colour of
the skin and hair, and the odour emitted by the glands of the
skin, are said* to be connected, even in the same race of men.
Generally the hair varies in the same way all over the body in
length, fineness, and curliness. The same rule holds good with
feathers, as we see with the laced and frizzled breeds both of
fowls and pigeons. In the common cock the feathers on the neck
and loins are always of a particular shape, called hackles: now
in the Polish breed, both sexes are characterised by a tuft of
feathers on the head; but through correlation these feathers
in the male always assume the form of hackles. The wing and
tail-feathers, though arising from parts not homelogous, vary
in length togother; so that long or short-winged pigeons generally
have long or short tails. The case of the Jacobin-pigeon is
more curious, for the wing and tail feathers are remarkably
long; and this apparently has arisen in correlation with the
elongated and reversed feathers on the back of the neck, which
form the hood.

The hoofs and hair ave homologous appendages; and a careful
observer, namely Azara, " states that in Paraguay horses of various
colours are often born with their hair curled and twisted like that
on the head of a negro. This peculiarity is strongly inherited.
But what is remarkable is that the hoofs of these horses “are
«absolutely like those of a mule.” The hair also of the mane and
tail is invariably much shorter than usual, being only from four

* Godron, Sur IEspie
1 ¢ Quadrupides du Parag

! tom. ii. p. 217.
ay, tom. ii. . 538,
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to twelve inches in length; so that curliness and shortness of
the hair are here, as with the negro, apparently correlated,

‘With respect to the horns of sheep, Youatt ! remarks that
« multiplicity of horns is not found in any breed of much value:
“it is generally accompanied by great length and coarseness of
“the fleece.” Several tropical breeds of sheep which are clothed
with hair instead of wool, have horns almost like those of a goat.
Sturm '* expressly declares that in different races the more the
wool is curled the more the homs aro spirally twisted. We have
seen in the third chapter, where other analogous facts have been
given, that the parent of the Mauchamp breed, so famous for
its fleece, had peculiarly shaped horns, The inhabitants of
Angora assert® that  only the white goats which have horns
“wear the fleece in the long curly locks that are so much
“admired ; those which are not hored having a comparatively
“close coat.” From these cases we may conclude that the
hair or wool and the horns varyin a correlated manner, Those
who have tried hydropathy are aware that the frequent appli-
cation of cold water stimulates the skin; and whatever stimu-
lates the skin tends to increase the growth of the hair, as is well
shown in the abnormal growth of hair near old inflamed surfaces.
Now, Professor Low * is convinced that with the different Taces
of British cattle thick skin and long hair depend on the hu-
midity of the climate which they inhabit. We can thus see
how a humid climate might act on the horns—in the first place
directly on the skin and hair, and secondly by correlation on
the horns. The presence or absence of horns, moreover, both in
the case of sheep and cattle, acts,as will presently be shown, by
some sort of correlation on the skull.

With respect to hair and teeth, Mr. Yarrell ® found many of
the teoth deficient in three hairless “Egyptian” dogs, and in a
hairless terrier. The incisors, canines, and premolars suffered
most, but in one case all the teeth, except the large tuber-
cular molar on each side, were deficient. With man several
striking cases have been recorded ® of inherited baldness with in-

™ On Sheep, p. 142, Tritish Tslands pp. 507, 365,
o Ucber Racen, Kreuzungen, &’ % * Proceedings Zoolog. Soo,” 1833,
18235, 24,

113,

» Quoted from Gonally, fn ‘Tho ¥ Selgwick, *Brit. and Forsign

Indian Field, Feb. 1859, vol. i. p. 26, Medico-Chirarg. Reviow,” April, 1863,
** ‘Domesficated  Auimals of the  p. 435,
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herited deficiency, cither complete or partial, of the tecth. We sce
the same connection in those are cases in which the hair has been
renewed in old age, for this has “usually been accompanied by
a renewal of the teeth.” I have remarked in a former part of
this volume that the great reduction in the size of the tusks in
domestic boars probably stands in close relation with their
diminished bristles, due to a certain amount of protection; and
that the reappearance of the tusks in boars, which have become
feral and are fully exposed to the weather, probubly depends on
the reappearance of the bristles. I may add, though not strietly
connected with our present point, that an agriculturist ” asserts
that “pigs with Jittle hair on their bodies are most liable to
«lose their tails, showing a weakness of the tegumental structure.
“It may be prevented by crossing with a more hairy breed.”
In the previous cases deficient hair, and tecth deficient in
mumber or size, are apparently connected. In the following
cases abnormally redundant hair, and teeth either deficient or
redundant, are likewise connected. Mr. Crawfurd ™ saw at the
Burmeso Court a man, thirty years old, with his whole body,
except the hands and feet, covered with straight silky hair, which
on the shoulders and spine was five inches in length. At birth
the ears alone were covered. He did not arrive at puberty, or
shed his milk teeth, until twenty years old; and at this period
he acquired five teeth in the upper jaw, namely four incisors
and one canine, and four incisor teeth in tho lower jaw; all the
teeth were small. This man had a daughter who was born
with hair within her ears; and the hair soon extended over her
ody. When Captain Yule ® visited the Court, ho found this
girl grown up; and she presented a strange appearance with
even her nose densely covered with soft hair. Like her father,
she was furnished with incisor teeth alone. The King had with
difficulty bribed a man to marry her, and of her two children,
one, a boy fourteen months old, had hair growing out of his
ears, with o beard and moustache, This strange peculiarity
had, therefore, been inherited for three generations, with the
molar teeth deficient in the grandfather and mother; whether
17 Gard. Chronicle? 1849, p. 205,

1 ¢ Eubassy 40 the Court of Ava,” vol. i p. 320,
1o« Namaive of a Misdin fothe Court f Avain 18557 . 94,
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these teeth would likewise fail in the infant could not be
told.  Here] is another case communicated to me by Mr.
Wallace on the authority of Dr. Purland, a dentist: Julia
Pastrana, a Spanish dancer, was a remarkably fine woman, but
she had a thick masculine beard and a hairy forehead ; she was
photographed, and her stuffed skin was exhibited as a show
but what concerns us is, that she had in both the upper and
lower jaw an irregular double set of teeth, one row being placed
within the other, of which Dr. Purland took a cast. From the
redundancy of the teeth her mouth projected, and her face had &
gorilla-like appearance. These cases and those of the hairless
dogs forcibly call to mind the fact, that the two orders of mam-
mals—namely, the Edentata and Cetacea—which are the most
abnormal in their dermal covering, are likewiso the most ab-
normal cither by deficiency or redundancy of teeth.

The organs of sight and hearing are generally admitted to bo
homologous, both with each other and with the various dermal ap-
pendages ; hence these parts are liable to be abnormally affected
in conjunction. Mr. White Cowper says that in all cases of
“double microphthalmia brought under his notice he has at the
«same time met with defoctive development of the dental sys-
“tem.”  Certain forms of blindness seem to be associated with
the colour of the hair; a man with black hair and a woman
with light-coloured hair, both of sound constitution, married
and had nine children, all of whom were born blind ; of these
children, five “with dark hair and brown iris were afllicted
“ with amaurosis; the four others, with light-coloured hair and
“Dlue iris, had amaurosis and cataract conjoined.” Several
cases could be given, showing that some relation exists between
various affections of the eyes and cars; thus Liebreich states
that out of 241 deaf-mutes in Berlin, no less than fourteen
suffered from the rare disease called pigmentary retinitis, Mr.
White Cowper and Dr, Earle have remarked that inability
to distinguish different colours, or colour-blindness, is often
“associated with a corresponding inability to distinguish
“musical sounds.”

* These statemonts aro taken from  pp. 455 and 458, Licbreich is quoted
MMz. Sedgwick, in the ¢ Medico-Chirurg, by Professor Devay, in his Mariages
Review, July 1861, p. 198; April 1865,  Consanguins, 1802, p. 116.
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Here is a more curious case: white cats, if they have blue
eyes, are almost always deaf. I formerly thought that the rule
was invariable, but I have heard of a few authentic exceptions.
The first two notices were published in 1829, and relate to
English and Persian cats: of the latter, the Rev. W. T. Bree
possessed u female, and he states that of the offspring pro-
“duced at one and the same birth, such as, like the mother,
were entirely white (with blue eyes) were, like her, invariably
“deaf; while those that had the least speck of colour on their
«far, as invariably possessed the usual faculty of hearing.”®
The Rey. W. Darwin Fox informs me that he has seen more-
than a dozen instances of this correlation in English, Persian,
and Danish cats; but he adds “ that, if one eye, as I have
“several times observed, be not blue, the cat hears. On the
“other hand, Thave never seen a white cat with eyes of the com-
“mon colour that was deaf.” In France Dr. Sichel® has ob-
served during twenty years similar facts; ho adds the remark-
able case of the iris beginning, at the end of four months, to
grow dark-coloured, and then the cat first began to hear.

This case of correlation in cats has struck many persons as
marvellous. There is nothing unusual in the relation between
blue eyes and white fur; and we have already seen that the
organs of sight and hearing are often simultaneously affected.
In the present instance the cause probably lies in a slight arrest
of development in the neryous system in connection with the
sense-organs.  Kittens during the first nine days, whilst their
eyes are closed, appear to be completely deaf; T have made a
great clanging noise with a poker and shovel close to their heads,
both when they were asleep and awake, without producing any
effect. The trial must not be made by shouting close to their ears,
for they are, even when asleep, extremely sensitive to a breath
of air.” Now, as long as the eyes continue closed, the iris is no
doubt blue, for in all the kittens which I have seen this colour
remains for some time after the eyelids open. Hence, if we sup-
poso the development of the organs of sight and hearing to b
arrested at the stage of the closed eyelids, the eyes would re-

* Loudon’s *Mag. of Nat. Hist.’ vol. on the inheritance of deafness in cats,
i, 1820, pp. 66, 175, Seo also Dr. P, 2 « Annales dos Se. Nat’ Zoolog,, 3rd.
Lucas, * L’Héréd, Nat.’ tom. i. p. 428,  series, 1t p. 239,
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main permanently blue and the cars would be incapable of per-
ceiving sound; and we should thus understand this curious case.
As, however, the colour of the fur is determined long before
birth, and as the blueness of the eyes and the whiteness of the
far are obviously connected, we must believe that some primary
cause acts at an early period.

The instances of correlated variability hitherto given have
been chiefly drawn from the animal kingdom, and we will now
turn to plants. Leaves, sepals, petals, stamens, and pistils aro
all homologous. Tn double flowers we see that the stamens and
pistils vary in the same manner, and assume the form and colour
of the petals. In the double columbine (Aguilegia vulgaris), the
successive whorls of stamens are converted into cornucopias,
which are enclosed within each other and resemble the petals.
In hose-and-hose flowers the sepals mock the pétals. In somo
cases the flowers and leaves vary together in tint: in all the
varieties of the common pea, which have purple flowers, a
purple mark may be seen on the stipules. In other cases the
leaves and fruit and seeds vary together in colour, as in a
curious pale-leaved variety of the sycamore, which has recently
been deseribed in France,” and as in the purple-leaved hazel, in
which the leaves, the husk of the nut, and the pellicle round
the kernel are all coloured purple:* Pomologists can predict
to a certain extent, from the size and appearance of the
Teaves of their seedlings, the probable nature of the fruit; for,
as Van Mons remarks,* variations in the leaves are generally
accompanied by some modification in the flower, and con-
sequently in the fruit. In the Serpent melon, which has a
narrow tortuous fruit above a yard in length, the stem of the
plant, the peduncle of the female flower, and the middle lobe
of the leaf, are all elongated in a remarkable manner. On the
other hand, several varieties of Cucurbita, which have dwarfed
stems, all produce, as Naudin remarks with surprise, leaves of
the same peculiar shape. MMr. G. Maw informs me that all the
varieties of the scarlet Pelargoniums which have contracted or
imperfect leaves have contracted flowers: the difference between

= ¢ Gardener's Chron.,’ 1864, p. 1202.
ves several other instances, ¢ Des Varidtés,
= < Arbres Fruitiers) 1836, fom. ii. pp. 204, 226.

865, p. 72.
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«Brilliant ” and its parent “ Tom Thumb ” is a good instance of
this. It may be suspected that the curious case described by
Risso, of a variety of the Orange which produces on the young
shoots rounded leaves with winged petioles, and afterwards
elongated leaves on long but wingless petioles, is connected
with the remarkable change in form and nature which the fruit
undergoes during its development.

In the following instance we have the colour and form
of the petals apparently correlated, and both dependent on
the nature of the season. An observer, skilled in the subject,
writes” I noticed, during the year 1842, that every Dahlia, of
“which the colour had any tendency to scarlet, was deeply
“notched—indeed to so great an extent as to give the petals the
« appearance of a saw; the indentures were, in some instances,
“more than a quarter of an inch deep.” Again, Dablias which
have their petals tipped with a different colour from the rest are
very inconstant, and during certain years some, or even all the
flowers, become uniformly coloured; and it has been observed
with several varieties® that when this happens the petals grow
much elongated and lose their proper shape. This, however,
may be due to reversion, both in colour and form, to the
aboriginal species.

In this discussion on correlation, we have hitherto treated of
cases in which we can partly understand the bond of connexion ;
but I will now give cases in which we cannot even conjecture, or
can only very obscurely see, what is the nature of the bond.
Isidore Geoffroy St. Hilaire, in his work on Monstrosities, in-
sists® “ que certaines anomalies coexistent rarement entrelles,
“d'autres fréquemment, d’autres enfin presque constamment,
“malgré la difiérence trés-grande de leur nature, et quoiquelles
“puissent paraitre completement indépendantes les unes des
“autres” We see something analogous in certain diseases:
thus I hear from Mr. Paget that in a rare affection of the

Annales du Muséum,’ tom. xx. p.

“ «Hist, des Anomalies, tom. ii. p.

See also M. Camille Dareste,
Ganlenet's Clan. 1913, .67 7 e v
= Thid,, 1843, p. 1 1863, pp. 16, 48,
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renal capsules (of which the funotions are unknown), the skin
becomes bronzed ; and in hereditary syphilis, both the milk and
the second teeth assume o peculiar and characteristic form.
Professor Rolleston, also, informs me that the incisor teeth aro
sometimes furnished with o vascular rim in correlation with
intra-pulmonary deposition of tubercles. In other cases of
phthisis and of cyanosis the nails and finger-ends become
clubbed like acoms. T believe that no explanation has been
offered of these and of many other cases of correlated disease.

‘What can be more curious and less intelligible than the fact
previously given, on the authority of Mr. Tegetmeier, that
young pigeons of all breeds, which when mature have white,
yellow, silver-blue, or dun-coloured plumage, come out of the
egg almost naked ; whereas pigeons of other colours when first
born are clothed with plenty of down? White Pea-fowls, as has
been observed both in England and France, and as I have
myself seen, are inferior in size to the common colonred kind;
and this cannot be accounted for by the belief that albinism is
always accompanied by constitutional weakness; for white or -
albino moles are generally larger than the common kind,

o turn to more important, characters : the niata cattle of the
Pampas are remarkable from their short forcheads, upturned
muzzles, and curved lower jaws. In the skull the nasal and pre-
maxillary bones are much shortened, the maxillari Tuded
{rom any junction with the nasals, and all the bones are slightly
modified, even to the plane of the occiput. From the analogical
case of the dog, hereafter to be given, it is probable that the
shortening of the nasal and adjoining bones is the proximate
cause of the other modifications in the skull, including the
upward curvature of the lower jaw, though we cannot follow
out, the’steps by which these changes have been effected,

Polish fowls have a large tuft of feathers on their heads ; and
their skulls are perforated by numerous holes, so that a pin can
be driven into the brain without touching any bone. That
this deficiency of bone is in some way connected with the tuft
of feathers is clear from tufted ducks and geese likewise having

# Roy, E. 8. Dixon,
¢ Hist, Anomalies,’ tom.

* Ormumental. Poultry,’ 1848, p. 111; Isidore Geoffroy,
p.21L.
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“perforated skulls. The case would probably bo cousidered by

some authors as one of balancement or compensation, In the

chapter on Fowls, I have shown that with Polish fowls the tuft

of feathers was probably at first small; by continued selection

it became larger, and then rested on a fleshy or fibrous mass

and finally, as it became still larger, the skull itself became

" more and more protuberant until it acquired its present ex-

4 tmordinary structure.  Through correlation with the protu-

berance of the skull, the shape and even the relative connexion

of the premaxillary and nasal bones, the shape of the orifice of

the nostrils, the breadth of the frontal bone, the shape of the

post-lateral processes of tho frontal and squamosal bones, and

the direction of the bony cavity of the ear, have all been modi-

fied. The internal configuration of the skull and the whole

shape of the brain have likewise been altered in a truly mar-

vellous manner.

After this case of the Polish fowl it would be superfluous to

do more than refer to the details previously given on the

. manner in which the changed form of the comb, in various

breeds of the fowl, has affected the skull, causing by correlation
crests, protuberances, and depressions on its surface.

With our cattle and sheep the horns stand in close con-
nexion with the size of the skull, and with the shape of the
frontal bones; thus Cline™ found that the skull of a horned
ram weighed five times as much as that of a hornless ram of
the same age. When cattle become hornless, the frontal bones
are “materially diminished in breadth towards the poll ;” and
the cavities hotween the bony plates are not so deep, nor do
“ they extend beyond the frontals.” #

It may be well here to pauso and observe how the effects
of correlated variability, of the increased use of parts, and of the
accumulation through natural selection of so-called spontaneous
variations, are in many cases inextricably commingled. We
may borrow an illustration from Mr. Herbert Spencer, who
remarks that, when the Irish elk acquired its gigantic homs,
weighing above one hundred pounds, numerous co-ordinated

2 <O the Bnseding of Domestio Aniuuals 1529, . 0.
Younit on Catel, 1654, 7, 263,
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changes of structure wonld have been indispensable,—namely,
a thickened skull to carry the hons; strengthened cervical
vertebrre, with strengthened ligaments; enlarged dorsal verte-
bree to support the “neck, with powerful fore-legs and feet; all
these parts being supplied with proper muscles, blood-vessels,
and nerves. How then could these admirably co-ordinated
modifications of structure have been acquired ? - According to
the doctrine which I maintain, the horns of the male elk were
slowly gained through sexual selection,—that is, by the best-
armed males conquering the worse-armed, and leaving a greater
number of descendants. But it is not at all necessary that
the several parts of the body should have simultaneously varied.
Tach stag presents individual differences, and in the same
district those which had slightly heavier horns, or stronger
necks, or stronger bodies, or were the most courageous, would
secure the greater number of does, and consequently leave a
greater number of offspring. The offspring: would inherit, in
a greater or less degree, these same qualities, would oceasionally
intereross with each other, or with other individuals varying in
some favourable manner; and of their offspring, those which
wero the best endowed in any respect would continue multi-
plying; and so onwards, always progressing, sometimes in one
direction, and sometimes in another, towards the present excel-
lently co-ordinated structure of the male elk. To make this
clear, let us reflect on the probable steps, as shown in the
twentieth chapter, by which our race and dray-horses have
arrived at their present state of excellence; if we could view the
whole series of intermediate forms between one of these animals
and an early unimproved progenitor, we should behold a vast
number of animals, not equally improved in each generation
throughout their entire structure, but sometimes a little more
in one point, and sometimes in another, yet on the whole gradu-
ally approaching in character to our present race or dray-
horses, which are so admirably fitted in the one case for fleetness
and in the other for dranght.

Although natural selection would thus® tend to give to the

 Mr. Herbert Spencer (‘ Principles  remarks : We have seen reason to
of Tiologys 1666, sol.5 ph 455, 405 hink hat a st ascoenia culton
takes a different view; and in one place  “multiply, and s fust as the number of
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male elk its present structure, yet it is probable that the inhe-
rited influence of use has played an equal or more important
part. As the horns gradually increased in weight, the muscles
of the neck, with the bones to which they are attached, would
increase in size and strength ; and these parts would react on
the body and legs. Nor must we overlook the fact that certain
parts of the skull and the extremitics would, judging by analogy,
tend from the first to vary in a correlated manner. The increased
weight of the horns would also act directly on the skull, in the
same manner as, when one bone is removed in the leg of a
dog, the other bone, which has to carry the whole weight of the
body, increases in thickness. But from the facts given with
respect to horned and hornless cattle, it is probable that the
horns and skull would immediately act on each other through
the principle of correlation. Lastly, the growth and subse-
quent wear and tear of the augmented muscles and bones
would require an increased supply of blood, and consequently
an increased supply of food; and this again would require
increased powers of mastication, digestion, respiration, and
excretion.

Colour as Correlated with Constitutional Peculiarities.

It is an old beliof that with man there is a connexion between
complexion and constitution ; and I find that some of the best
authorities believe in this to the present day. Thus Dr,
Beddoe by his tables shows® that a relation exists between
liability fo consumption and the colour of the hair, eyes, and
skin. Tt has been affirmed * that, in the French army which
invaded Russia, soldiers having a dark complexion, from the

“organs that co-operato in any given
“ function increases, indireet oquilibra-
tion through natural selcetion becornes

tion s undoubledly effected much
ith our domesticated quadrupeds and
irds,

e adaptations; and zemains fully
“capablo only of maintaining the gono.

3 Dr, Prosper Lucas apparently dis-
Delievesinany such counexion, L/ Hiéréd,
Nat. tom. 4.

¢ Bri 1 Journal,’ 1863, p.

This view that natuml sclcetion can do
little in modifying the higher animals
surpriscs me, sceing that maw's sclece
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southern parts of Europe, withstood the intense cold better than
those with lighter complexions from the north; but no doubt
such statements are liable to error.

In the second chapter on Selection I have given several cases
proving that with animals and plants differences in colour are
corrolated with constitutional differences, as shown by greater or
less immunity from certain diseases, from the attacks of parasitic
plants and animals, from burning by the sun, and from the
action of certain poisons.  When all the individuals of any one
variety possess an immunity of this nature, we cannot feel sure
that it stands in any sott of correlation with their colour ; but
when several varieties of the same specics, which are similarly
coloured, are thus characterised, whilst other coloured varietios
are not thus favoured, we must believe in the existence of a
correlation of this kind. Thus in the United States purple-
fruited plums of many kinds are far more affected by a cortain
disease than green or yellow-fruited varieties. On tho other
hand, yellow-fleshed peaches of various kinds suffer from another
disease much more than the white-fleshed varieties. In the
Maritius red sugar-canes are much less affected by a particular
disease than the white canes. White onions and verbenas are
the most liable to mildew ; and in Spain the green-fruited grapes
suffered from the vine-disease more than other coloured varieties.
Dark-coloured pelargoniums and verbenas are more scorched by
the sun than varieties of other colours. Red wheats are believed
to be hardier than white; whilst red-flowered hyacinths were
more injured during one particular winter in Holland than other
coloured varieties. With animals, white terriers suffer most
from the distemper, white chickens from a parasitic worm in
their trachew, white pigs from scorching by the sun, and white
cattle from flies; but the caterpillars of the silk-moth which
yield white cocoons suffered in France less from the deadly
parasitic fungus than those producing yellow silk.

The cases of immunity from the action of certain vegetablo
poisons, in. connexion with colour, are more interesting, and are
at present wholly inexplicable. T have already given a remark-
ablo instance, on the authority of Professor Wyman, of all the
hogs, excepting those of a black colour, suffering severely
in Virginia from eating the root of the Lachnanthes tinctoria.
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According to Spinola and others,” buckwheat (Polygonum fago-
pyrum), when in flower, is highly injurious to white or whito-
spotted pigs, if they are exposed to the heat of the sun, but
is quite innocuous to black pigs. By two accounts, the Hy-
pericum crispum in Sicily is poisonous to white sheep alone;
their heads swell, their wool falls off, and they often die; but
this plant, according to Lecce, is poisonous only when it growns
in swamps; nor is this improbable, as we know how readily the
poisonous principle in plants is influenced by the conditions
under which they grow.

Three accounts have been published in Eastern Prussia,
of white and white-spotted horses being greatly injured by
eating mildewed and honeydewed vetches; every spot of skin
bearing white hairs becoming inflamed and gangrenous. The
Rev. J. Rodwell informs me that his father turned out about
fifteen cart-horses into a field of tares which in parts swarmed
with black aphides, and which no doubt were honeydewed, and
probably mildewed; the horses, with two exceptions, were ches-
nuts and bays with white marks on their faces and pasterns,
and the white parts alone swelled and became angry scabs.
The two bay horses with no white marks entirely escaped all
injury. In Guernsey, when horses eat fools' parsley (Hthusa
cynapium) they are sometimes violently purged; and this
plant “has a peculiar effect on the nose and lips, causing
““deep cracks and ulcers, particularly on horses with white
“muzzles”® With cattle, independently of the action of
any poison, cases have been published by Youatt and Erdt
of cutancous diseases with much constitutional disturbance (in
one instance after exposure to a hot sun) affecting every single
point which bore a white hair, but completely passing over
other parts of the body. Similar cases have been observed
with horses.®

We thus see that not only do those parts of the skin which
bear white hair differ in a remarkable manner from those bearing:

7 This fact and. the following cases 3 Mr. Mogford, in the * Veterinarian,”
when not stated fo tho contrary, are quoted in ¢ The Ficld, Jan. 2, 1861,
taken_from a very curious paper by 513,
Prof. Housinger, in * Wochenselrift fix ~ ¢ Edinburgh Veterinary Journal,’
Heilkunde, May, 1846, s, 277, Oct. 1860, p. 347,
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hair of any other colour, but that in addition some great con-
stitutional difference must stand in correlation with the colour
of the hair; for in the above-mentioned cases, vegetable poisons
caused fever, swelling of the head, as well as other symptoms,
and even death, to all the white, or white-spotted animals,
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CHAPTER XXVIL

LAWS OF VARIATION, coatinued —SUMMARY,

ON THE AFPINITY AND COESION OF HOMOLOGOUS PARTS — ON THE VARIABILITY o
AMULTIPLE AND HOMOLOGOUS PARTS— COMPENSATION OF GROWTH — MECHANIOAT,
PRESSURE — RELATIVE FOSITION OF FLOWERS WITH KESPECT TO Tin AXIS OF g
‘PLANT, AND OF SEEDS IN TIE CAPSULE, AS INDUCING VARIATION — ANALOGOUS of
PARALLEL VARIFTIES — SUMOIARY OF THE THREE LAST CHAPTERS,

On the Affinity of Homologmus Parts.—Tms law was first
generalised by Geoflroy Saint Hilaire, under the expression of
La loi e Tafinité de soi pour soi, Tt has been fully discussed and
illustrated by his son, Tsidore Geoffroy, with respect to monsters
in the animal kingdom,' and by Moquin-Tandon, with respect
fo monstrous plants. When similar or homologous parts,
whether belonging to the samo embryo or to two distinct
embryos, are brought during an early stage of development into
contact, they often blend into a single part or organ; and this
complete fusion indicates some mutual affinity between the
parts, ofherwise they would simply cohere. Whether any
power exists which tends to bring homologous parts into con-
tact seems more doubtful. The tendency to complete fusion is
Dot a rare or exceptional fact. Tt is exhibited in tho most
striking manner by double monsters. Nothing can be more ex-
traordinary than the manner, as shown in various published
plates, in which the corresponding parts of two embryos become
intimately fused together. This jx perhaps best seen in monsters
ith two heads, which are united, summit o summit, or face to
face, or Januslike, back to back, or obliquely side to side. In
one instance of wo heads united almost fuce to face, but a littlo
obliquely, four ears were developed, and on one side & perfect
face, which was manifestly formed by the uaion of two half-

? *Hist des Anomalics 1852, tom. . pp. 22, 597:556; om. i, p. 462,
z2
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faces. Whenever two bodies or two heads are united, each
bone, muscle, vessel, and nerve on the line of junction seems
to seek out its fellow, and becomes completely fused with it.
Lereboullet? who carefully studied the development of double
monsters in_fishes, observed in fiftcen instances the steps by
which two heads gradually became fused into one. In this and
other such cases, no one, I presume, supposes that the two
already formed heads actually blend together, but that the
corresponding parts of each head grow into one during the
farther progress of development, accompanied as it always is
with incessant absorption and renovation. Double monsters
were formerly thoight to be formed by the union of two
originally distinct embryos developed upon distinct vitelli; but
now it is admitted that “ their production is due to the sponta-
“neous divarication of the embryonic mass into two halves;”*
this, however, is effected by different methods. But the belief
that double monsters originate from the division of one germ,
does not necessarily affect the question of subsequent fusion, or
render less true the law of the affnity of homologous parts.

The cautious and sagacious J. Miller,* when speaking of
Janus-like monsters, says that « without the supposition that some
“kind of affinity or attraction is exerted between corresponding
“parts, unions of this kind are inexplicable.” On the other
hand, Vrolik, and he is followed by others, disputes this con-
clusion, and argues from the existence of a whole series of mon-
strosities, graduating from a perfectly double monster to a mere
rudiment of an additional digit, that “an excess of formative
“power ” is the cause and origin of every monstrous duplicity.
That there are two distinct classes of cases, and that parts may be
doubled independently of the existence of two embryos, is certain;
for a single embryo, or even a single adult animal, may produco
doubled organs. ~Thus Valentin, as quoted by Vrolik, injured
the caudal extremity of an embryo, and three days afterwards it
produced rudiments of a double pelvis and of double hind limbs.

? <Comptes Rendus, 1855, pp. 855, ¢ *Elements of Physiclogy;” Eng.
1029, tronslat, vol. i, 1588, p. 412, With

# Carpenter’s *Comp. Phys.” 1854,  respect fo Vrolik, sce Todd's ‘Cyclop. of
P. 480; sce also Comille Dareste, Anat. and Phys, vol iv, 184662
¢ Comptes Rendus,’ March 20th, 1865, p, 973,
. 562,
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Tunter and others have observed lizards with their tails repro-
duced and doubled. ‘When Bonnet divided longitudinally the
foot of the salamander, several additional digits were occasionally
formed.  But neither these cases, nor the perfect series from a
double monster to an additional digit, seem to me opposed to
the belief that corresponding parts have a mutual affinity, and
consequently tend to fuse together. A part may be doubled
and remain in this state, or the two parts thus formed may
afterwards through the law of affinity become blended ; or two
lomologous parts in two separate embryos may, through the
same principle, unite and form a single part.

he law of the affinity and fusion of similar parts applics to
the homologous organs of the same individual animal, as well as
to double monsters. Tsidore Geoflroy gives a number of in-
stances of two or more digits, of two whole legs, of two kidneys,
and of several teeth becoming symmetrically fused together in
amore or less perfect manner. Bven the two eyes have been
known to unite into a single eye, forming a cyclopean monster,
as have the two ears, though naturally standing so far apart.
As Geoffroy remarks, these facts illustrate in an admirable
manner the normal fusion of various organs which during an
early embryonic period are double, but which afterwards always
unite into a single median organ. Organs of this nature are
generally found in a permanently double condition in other
members of the same class. These cases of normal fusion
appear to me to afford the strongest support in favour of the
present law. ~ Adjoining parts which are not homologous some-
times cohere; but this cohesion appears to result from mere
juxtaposition, and not from mutual affinity.

In the vegetable kingdom Moguin-Tandon® gives o long
list of cases, showing how frequently homologous parts, such
as leaves, petals, stamens, and pistils, as well as aggregates of
homologous parts, such as buds, flowers, and fruit, become
blended into each other with perfect symmetry, It is interesting
to examine a compound flower of this nature, formed of exactly
double the proper number of sepals, petals, stamens and pistils,
with each whorl of organs circular, and with no trace left of the

# ¢Térntologie Veg.’ 1841, livre ii.
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process of fusion. The tendency in homologous parts to unite
during their early development, Moquin-Tandon considers as
one of the most striking laws governing the production of
monsters. It apparently explains a multitude of cases, both in
the animal and vegetable kingdoms; it throws a clear light on
many nomal structures which have evidently been formed by
the union of originally distinct parts, and it possesses, as we
shall see in a future chapter, much theoretical interest.

On the Variability of Multiple and Homologous Parts—
Isidoro Geoffroy” insists that, when any part or organ is
repeated many times in the same animal, it is particularly
Lible to vary both in number and structure, With respect to
number, the proposition may, I think, be considered as fully
established; but the evidence is chiefly derived from organic
beings living under their natural conditions, with which we are
not here concerned.  When the vertebra, or teeth, or rays in
the fins of fishes, or feathers in the tails of birds, or petals,
stamens, pistils, and seeds in plants, are very numerous, the
mumber is generally variable. The explanation of this simplo
fact is by no means obvious. With respect to the variability in
structure of multiple parts, the evidence is not so decisive ; but
the fact, as far as it may be trusted, probably depends on mul-
tiple parts being of less physiological importance than singlo
parts; consequently their perfect standard of structure has been.
less rigorously enforced by natural selection.

b ion of Grrowth, or Ball This law, as applied
to natural species, was propounded by Goethe and Geoffroy St.
Hilaire at nearly the same time, It implies that, when much
organised matter s used in building up some one part, other
parts aro starved and become reduced. Several authors,
especially botanists, believe in this law; ofhers reject it. As
far as T can judge, it occasionally holds good; but its im-
portance has probably been exaggerated. 1t is scarcely possible
to distinguish between tho supposed effects of such compensation
of growth, and the effects of long-continued selection, which

© *Hist, des Anomalics, tom. i pp. 4, 5, 6.
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may at the same time lead {o the augmentation of one part and
tho diminution of another. There can be no doubt that an organ
may be greatly increased without any corresponding diminution
in the adjoining parts. To recur to our former illustration
of the Irish elk, it may be asked what part has suffered in con-
sequence of the immense development of the horns ?

It has already been observed that the struggle for existence
does not bear hard on our domesticated productions; conse-
quently the principle of economy of growth will seldom affect
them, and we ought not to expect to find frequent evidence of
compensation. We have, however, some such cases. Moquin-
Tandon deseribes a monstrous bean,” in which the stipules were
enormously developed, and the leaflets apparently in conse-
quence completely abotted ; this case is interesting, as it repre-
sents the natural condition of Lathyrus aphaca, with its stipules
of great size, and its leaves reduced to mere threads, which act
as tendrils. De Candolle® has remarked that the varieties of
Raphanus sativus which have small roots yield numerous seed,
valuable from containing ofl, whilst those with large roots are
not productive in this latter respect; and so it is with Brassica
asperifolia. The varieties of the potato which produce tubers
very early in the season rarely bear flowers; but Andrew
Knight,’ by checking the growth of the tubers, forced the plants
to flower.  The varieties of Cucurbita pepo which produce
large fruit yield, according to Naudin, few in number; whilst
those producing small fruit yield a vast number. Lastly,
I have endeavoured to show in the eighteenth chapter that with
many cultivated plants unnatural treatment checks the full
and proper action of the reproductive organs, and they are
thus rendered more or less sterile; consequently, in the way
of compensation, the fruit becomes greatly enlarged, and, in
double flowers, the petals are greatly increased in number.

With animals, it has been found difficult to produce cows
which should first yield much milk, and afterwards be capable of

7 *Tératologlo Vg, p. 156, Seealso 9 *Mémoires du Muséum,’ &c., fom.

1wy paper on climbing plants in *Jour. v,

nal of Limn. Soc. Bot,’ vol. ix, 1865, ¥ Loudow's * Encyclop. of Garlening,"
20,

P 114, D8
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fattening well. With fowls which have large topknots and
ds the comb and wattles are generally much reduced in

Perhaps the entire absence of the oil-gland in fantail
igeons may be connected with the great development of their
tails.

Mechanical Pressure as a Cause of Modifieations—TIn some
few cases there is reason to believe that mere mechanical
pressure has affected certain structures. Ivery one knows that
savages alter the shape of their infants’ skulls by pressure at,
an early age; but there is no reason to believe that the result
is ever inherited. Nevertheless Vrolik and Weber™ maintain
that the shape of the human head is influenced by the shape
of the mother’s pelvis. The kidneys in different birds differ
much in form, and St. Ange™ believes that this is determined
by the form of the pelvis, which again, no doubt, stands in
close relation with their various habits of locomotion. In snakes,
the viscera are curiously displaced, in comparison with their
position in other vertebrates; and this has been attributed by
some authors to the elongation of their bodies; but here, as
in so many previous cases, it is impossiblo to disentangle any
direct result of this kind from that consequent on natural selec-
tion. Godron has argued™ that the normal abortion of the
spur on the fimer side of the flower in Corydalis is caused by
the buds being closely pressed at a very-early period of growth,
whilst under ground, against each other and against the stem,
Some hotanists believe that the singular difference in the shape
both of the sced and corolla, in the interior and exterior florets
in certain compositious and umbelliferous plants, is due to the
pressure to which the inuer florets aro subjected; but this con-
clusion is doubtful.

The facts just given do not relate to domesticated produc-
tions, and therefore do not strictly concern us. But here is
a more appropriate case: H. Miller™ has shown that in short-

* Prichard, ‘Phys. Hist. of Man- 1039,
kind 1851, vol. i, p. 824, 3 Uober Fotale Rachites, * Wirz-
' Annales des Sc. Nat,’ lst serics,  burger Medicin, Zeitschrity 1560, D.

265,

tom. xix. p. 827,
" ¢ Comptes Rendus;’ Dec. 1564, p.
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faced races of the dog some of the molar tecth are placed in a
dlightly different position from that which they occupy in other
dogs, especially in those having elongated muzzles; and as
he remarks, any inherited change in the arrangement of the
teeth deserves notice, considering their classificatory import-
ance. This difference in position is due to the shortening of
certain facial bones, and the consequent want of space; and
the shortening results from a peculiar and abnormal state of
the basal cartilages of the bones.

Relative Position of Flowers with respect to the Azis, and of Seeds
in the Capsule, as inducing Variation,

Tn the thirteenth chapter various peloric flowers were described, and
their production was shown to be due either to arrested development, or
to xeversion to a primordial condition. Moquin-Tandon has remarked
that the flowers which stand on the summit of the main stem or of
@ lateral branch are more liable to become peloric than those on the
sides;* and he adduces, amongst other instances, that of Zeucrium cam-
pandatum. Tn another Labiate plant grown by me, viz. the Galeobdolon
tuteum, the peloric flowers were always produced on the summit of the
stem, where flowers are not usually borne. In Pelargonium, a_single
flower in the truss is frequently peloric, and when this oceurs T have
during several years invariably observed it to be the central flower. This
is of such frequent oceurrence that one observer' gives the names of ten
varieties flowering at the same timo, in every one of which tho central
flower was peloric. Occasionally more than one flower in the truss is
Deloric, and then of courso the additional ones must bo lnteral. These flowers
are interesting as showing how the whole structure is correlated. In the
common Pelargonium the upper scpal is produced into a nectary which
coheres with -peduncle; the two upp little in shape.
from the three lower ones, and are marked with dark shades of colour; the
stamens are graduated in length and upturned. In the peloric flowers,
the nectary aborts; all the petals become alike both in shape and colour;
tho stamens are generally reduced in number and become straight, so that
the wholo flower resembles that of tho allied genus Erodium. Tho cor-
relation between theso changes is well shown when one of the two upper
petals alono Joses its dark mark, for in this case the nectary does not
entirely abort, but is usually much reduced in length. s

1 < Tératologie Ve, p. 1 20d, 1861, p. 253.
Masters informs mo that he 1 1t would be worth trial to fertiliso
truth of this conclusion; but tho facts  with tho same pollen the central and
{o bo given scems t be suffcient 10 es- lateral flowers of the pelargonium, and
tablish it. of some other highly cultivated plants,
¥ ‘Journal of Hortieulture, July protecting them of course from insects :
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Morren has described  a marvellous fiask-shaped flower of the Caleco-
laria, nearly four inches in length, which was almost completely peloric;
it grow on the summit of the plant, with a normal flower on cach side:
Prof. Westwood also has described * three similar pelorio flowers, which all
occupied a central position on the flower-branches. In the Orehideous
‘gonus, Phalenopsis, the terminal flower has been soon to bocomo pelorio,

In a Laburnum-tree I obsorved that about  fourth part of the racemos
Droduced terminal flowers which had lost their papilionacoous strasture,
These wro produced aftar almost all the other flowers on the same racemes
Tho most perfectly pelorised examples had six petals, each
marked with black stris liko those on the standard-petal. Tho kool ssomed
to xesist the chango mor than the ofher petals. Datrochot has deseribod
am exaotly similar caso in France, and I believo theso are the only two
instances of pelorism in the loburnum which have been recodod.
Dutrochet remarks that tho racemes on this tree do not properly produce
a terminal flower, 50 that, as in the case of the Galeobdolon, their position
s well as their structure are both anomalies, which 1o doubt are in
some manner related. Dr. Masters has briefly desoribed another legumi-
zous plant” namely, a species of clover, in which the uppermost and
central flowers wero regular or had lost their papilionaceous structure, Tn
some of these plants the flower-heads were also proliferous.

Lastly, Linaria produces two kinds of peloric flowers, one having
simple potals, and tho other having them all spurred. The o forms, as
Naudin remarks, not rarely occur on the same plant, but in this case the
spurred form almost invariably stands on the summit of the spike.

The tendency in the terminal or central flower to become peloric more fre-
quently than other flowers, probably results from * the bud which stands
., onthe end of a shoot receiving thg most sap; it grows out into a stronger
+*shoot than those situated lower down.”® Thave discussed the connection
between pelorism and o central position, partly because some fow plants
are known normally fo produce a terminal flower different in structure
from the latoral ones; but chiefly on account of the following cass, in
which we sce a tendency to variability or to reversion connected with
the samo position. A groat judgo of Auriculas® states that when an
Aurioula throws up a side bloom it is protty suro to keop its character;
but that if it grows from tho centre or heart of the plant, whatover the
colour of the edging ought to be, “it is just s likely o coms in any other
““elass as in the ono to which it properly belongs” This is so notorious &

then to sow tho sced separately, and
observe whether tho ano or the other
1ot of scedlings varicd the most,

7 Quoted in * Journal of Horticulture;
Teb. 24, 1863, . 162.

¥ Gardener’s Chronicle,’ 1565,
612, For tho Phalonopsis, sec ides
1867, p. 211,

1 Mémoires . . des Veégétaus, 1887,

».170.

-
,

tom,
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=+ Nouvelles Archives du Muséum,
tom. i p. 157,
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* The Rev. H. H. Dombrain, in
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fact, that somo forists rogularly pinch off the central trusses of flowers.
Whether in the highly improved varictios the departure of the central
trusses from their proper type is due to reversion, 1do not know. Mr.
Dombrain insists that, whatever may be the commonest kind of imper-
fection in each variety, this is generally exaggorated in the central truss.
Thus one variety *sometimes has the fault of producing a littlo gon
« floret in the centro of the flower,” and in central blooms these

excessive in size. In somo central blooms, sent o me by Mr. Dombrai

all the organs of the flower were rudimentary in structure, of minute =
and of a green colour, 5o that by a little farther change all would have
been converted into small leaves. In this easo we clearly see a ten-
dency to pmhﬁmﬁunAx term which, T may explain to those who have
never attended to botany, means the production of a branch or flower,
or head of flowers, o of another flower. Now Dr. Masters?* states that
the central or uppermost flower on a plant is generally the most liable to
prolification. Thus, in the varicties of the Aurioula, the loss of their
proper o)mnwber aud a tendency to prolification, and in other plants a ton-
dency to prolification and pelorism, aro all connected together, and are due
Gile o it development, or fo reversion to a former condition.

The following is a more interesting case; Metzger® cultivated in Ger-
many several kinds of maizo brought from the hotter parts of Amrica,
and he found, as has been previously described, that in two or s
generations the grains became greatly changed in form, size, an
20 wit repec o v acem T ey s ittt e
tion, whilst the lower grains on each head retained their proper character,

the uppermost grains already began to assume that character which in
the third generation all the grains acquired. As we do not know the
aboriginal parent of the maize, wo eannot tell whether theso changes are
in any way connected with reversion.

Tn the two following cascs, reversion, as influenced by the position of
the seed in the capsule, evidently acts. The Bluo Imperial pea is the
offspring of the Blue Prussian, and has larger sced and broader pods
than its parent. Now Mr. Masters, of Canterbury, a careful observer and
@ Taiser of new varieties of the poa, states® hat the Blus Trperial always
has a strong fendency to revert {o its parent-stock, and tho reversion
“ oceurs in this manner: the last (or uppermost) pea in the pod is fre-
* quently much smaller than the rest; and if these small peas are care-
« fully collected and sown separately, very many more, in proportion,
“ will revert to their origin, than thoso faken from the other parts of the
“pod.” Again M. Chaté” says that in raising scedling stocks he succeeds
in getting eighty per cent. to bear double flowers, by leaving only a few of
the secondary branches to seed; but in addition to this, “at the timo
“ of extracting the sceds, the upper portion of the pod is separated and

# Transact. Linn. Soc., vol. xxili. % ‘Gandencr's Chroniclo, 1850, p.
1861, p. 3

= Dio Getreidearten,’ 1843, 5. 208, % Quoted in *Gardenar’s Chron,”
209. 1866, p. 74,
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 placed aside, becansoit has boon ascertained that th plants coming from
* the secds situated in this portion of the pod, give eighty per cent. of single
“flowers.” Now tho production of single-flowering plants from the sed of
double-flowering plants is clearly a caso of reversion. These latter facts,
28 well as tho connection between a central position and pelorism and

prolification, show in an iy how small a diff 1,
a little greater froedom in the flow of sap towards one part of the same
‘plant ines important changes of structure.

Analogous or Parallel Variatim—By this term T wish to
express that similar characters ocoasionally make their appear-
ance in the several varicties or races descended from the samo
species, and more rarely in the offspring of widely distinct specics.
We are here concerned, not as hitherto with the causes of varia-
tion, but with the results; but this discussion could not have
been more conveniently introduced elsewhere. The cases of
analogous variation, as far as their origin is concerned, may be
grouped, disregarding minor subdivisions, under two main heads ;
firstly, those due to unknown causes having acted on organic
beings with nearly the same constitution, and which consequently
vary in an analogous manner; and secondly, those due to the
reappearance of characters which were possessed by a moro
or less remote progenitor. But these two main divisions can
often be only eonjecturally separated, and graduate, as we shall
presently see, into each other.,

Under th first head of analogous variations, not due to reversion, wo
have the many cases of trees belonging to quite different orders which
havo produced pendulous and fustigate varioties. Tho becch, hazel, and
Tarberry have given riso to purple-loaved varieties; and ns Bernhardi
Tas remarked,® a multitude of plants, as distinct as possible, have yielded
varicties with deeply-cut or laciniated lcaves. Varieties descended from
three distinet species of Brassica have their stems, or so-called roofs, ene
Inrged into globular masses. The nectarine is the offspring of the peach
and the varieties of both theso trees offer a remarkable parallelism in the
fruit being white, red, or yellow fleshed—in being clingstones or froo.
stones—in the flowers being large ot small—in tho leaves being serrated
o crenated, farnished with globose or reniform glands, or quite destitute
of glands. 1t should be remarked that each variety of the noctarino has
not derived its character from a corresponding variety of tho peach, The
several varicties also of a closely allied genus, namely the apricot, diffor
from each other in nearly the same parallel manner. There is 1o Feason

=8 * Ugber den Begrifl der Pflanzenart,’ 134, s, 14,
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0 believe that in any of these eases long-lost characters have reappeared,
and in most of them this certainly has not occurred.

Three species of Cucurbita have yielded a multitude of races, which cor-
respond so closely in character that, as Naudin insists, they may bo ar-
ranged in an almost strictly parallel serics. Several varicties of the melon
aro intoresting from ingin i ies, ith
of the samo genus or of allied genera; thus, one variety has fruit 5o Like,
both externally and internally, the fruit of a perfectly distinet spocics,
‘namely, the cucumber, as hardly to bo distinguished from it; another has
long eylindrical fruit twisting about like a serpent; in another the seeds
adhere to portions of the pulp; in another the fruit, when ripe, suddenly
eracks and falls into pieces; and all theso highly remarkable peculin.
sities are characteristic of species -belonging to allied genera. We can
hardly account for the appearanco of s many unusual characters by
Teversion to a single ancient form; but we must beliove that all the
‘members of the family have inherited a nearly similar constitution from an
early progenitor. Our cereal and many other plants offer similar cases.

‘With animals we have fower cases of analogous variation, indopendently
of direct reversion. We see somothing of the kind in the resemblance
between the short-muzzled races of the dog, such as the pug and bull-
dog; in feather-footed races of the fowl, pigeon, and canary-bird ; in horses
of the most difforent races presenting the same Tange of colour; in
all black-mnd-tan. dogs having tan-coloured oye-spots and fect, but in
this Intter case reversion may possibly have played a part. Low has
remarked® that several breeds of cattlo aro *sheoted,”—that is, have a
broad band of white passing round their bodies like a sheet; this character
is strongly inherited and sometimes originates from a cross; it may bo
the first step in reversion to an original or carly type, for, as was shown in
the third chapter, white cattlo with daris ears, foot, and tip of tail formerly
existed, and now exist in a feral or semiferal condition in several
quarters of the world.

Under our second main division, namely, of analogous variations due
to zeversion, the best cases ave afforded by animals, and by nono better
than by pigeons. Tn all the most distinct breeds sub-varieties occa-
siomally appear coloured exactly like the parent rock-pigeon, with black
wing-bars, white loins, banded tail, &c.; and no one can doubt that these
characters are simply due to xeversion. So with minor details; turbits
properly havo white fails, but occasionally a. bird is born with o dark-
coloured and banded tail; pouters properly have white primary wing-
feathers, but not rarely a “sword-flighted” bird, that is, one with the
fow first primaries dark-coloured, appears; and in theso cases wo have
characters proper o the rock-pigeon, but new to the breed, evidently
appearing from reversion. In some domestio variotis tho wing-bars,
instead of being simply black, as in the rock-pigeon, are beautifully
edged with difforent zones of colour, and they then prosent o striking
analogy with the wing-burs in certain natural specics of tho same family,
sucl as Plaps chaleoptera; and this may probubly be accounted for by

 *Domesticated Animals, 15

Danwin Online: By permission of the Tristees of the MNatural History: Museun (London)



850 LAWS OF VARTATION.

all the forms descended from the samo remote progenitor having a ten-
dency to vary in the same manner. Thus alsowe can perhaps understand
the fact of somo Laugher-pigeons cooing almost liko turtlo-doves, and
= ; R ’ :

i %
(viz. C. torquatriz and. palumbus) display singular vagarics in this respect.
In other cases a race, instead of imitating in character a distinet specics,
‘resembles some other race; thus certain runts tremble and slightly elevate
their tails,like fantails; and turbits inflato the upper part of their wso-
‘phagus, like ponter-pigeons.

It is a common circumstance o find certain coloured marks porsistently
characterising all the species of a gonus, but differing much in tint; and.
the same thing ocours with tho varietios of the pigeon: thus, instead of tho
general plumage being blue with the wing-bars black, thero are snow-
‘white varieties with red bars, and black varieties with white bars; in other
‘varieties the wing-bars, as wo have seen, are elegantly zoned with different
tints. The Spot pigeon s characterised by the whole plumage being white,
excepting the tail and a spot on the forehead ; but these parts may bo red,
yellow, or black. In the rock-pigeon and in many varieties the tail is
blue, with the outer edges of the outer feathers white; but in ono sub.
varioty of the monk-pigeon wo havo a reversed variation, for the fail i
white, except the outer edges of the outer feathers, which are black®

'With some species of birds, for instance with gulls, certain coloured parts
appear as if almost washed out, and I have observed exactly tho same
appearance in the terminal dark tail-bar in certain pigeons, and fn the
wholo plumago of certain varieties of the duck. Analogous facts in tho
vegetable kingdom could be given.

Many sub-varieties of the pigeon lengthened
feathers on the back part of their heads, and this is cortainly not due fo
Teversion to the parent-specics, which shows 10 trace of such structure;
but when wo remember that sub-varioties of tho fowl, turkey, canary-
bird, duck, and goose, all have topknots or reversed feathers on their
hieads; and when we remember that scareely a. singlo largo natural group
of birds can bo named, in which some members have not a tuft of feathers
on their heads, we may suspect that reversion to somo extremely remofo
form has eome into action.

Soveral breeds of the fowl have cither spangled or pencilled foathers;
and theso cannot be derived from the parent-species, the Gllus fankiva
though of courso it is possible that an enrly progonitor of this species

have been spangled, and a still earlicr or a later progenitor may
have heen pencilled. But as many gallinaceous birds are spangled or
pencilled, it is o moro probable view that the several domestio breeds

hornless, like the females of some other hollow-horned ruminants; i may
account; for certain domestio cats having slightly-tufted ears, like those of
the Iynx; and for the skulls of domestio rabbits often differing from each

# Bechstein, *Naturgeschichte Deutschlands,’ Band iv., 17
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other in the same characters by which the skulls of the various species of
e go er.
s i%ﬁ“iﬁ;ﬂ“ﬁuﬂe to ono other case, already discussed. Now that wo
Xnow that the wild parent of tho ass has striped legs, wo may fecl con-
fdent that the occasional appearance of stripes on tho legs of the domestio
ass is due fo direct Toversion; but this will not account for the lower
end of the shoulder-stripe being sometimes angularly bent or slightly
. So, again, when we seo dun and other coloured horses with
stripes on the spine, shoulders, and legs, we are led, from reasons for-
merly given, to believe that they reappear from dircct reversion to tho
wild parent-horse. But when horses have two or three shoulder-stripes
with ono of them oceasionally forked at the lower end, or when they
have stripes on their faces, or as foals are faintly striped over nearly their
wholo bodies, with the stripes angularly bent one under the other on
the forehead, or irregularly branched in other parts, it would be rash to
attribute such diversified characters to the reappearance of those proper to
the aboriginal wild horse, - As three African species of the genus aro much
striped, and as we have sen that the crossing of the unstriped species
often leads to tho hybrid offspring being conspicuously striped—bearing
also in mind hat the act of crossing certainly causes the reappearance of
long-lost characters—it is a more probable view that the above-specified
stripes are dus to reversion, not to the immediate wild parent-horse, but
to the striped progenitor of the whole genus,

T have discussed this subject of aualogous variation at consi-
derable length, because, in o future work on natural specics,
it will be shown that tho varicties of one species frequently
mock distinct species—a fact in perfect harmony with the fore-
going cases, and explicablo only on the theory of descent.
Secondly, because these facts are important from showing, as
remarked in a former chapter, that each trifling variation is
governed by law, and is determined in a much higher degree
by the mature of the organisation, than by the naturo of
the conditions to which the varying being has been exposed.
Thirdly, becauso these facts are to a certain extent related o o
more general law, namely, that which Mr. B. D. Walsh® has
called the “Law of Bquable Variability,” or, as he explains it,
“if any given character is very variable in one species of a.
«group, it will tend to bo variable in allied species; and if any
“given character is perfeotly constant in one species of a group,
“it will tend to bo constant in allied species.”

This leads me to recall a discussion in the chapter on Selec-
tion, in which it was shown that with domestic races, which are

3 *Proc. Entomolog. Soc. of Philadelphia,’ Oct. 1863, p, 218,
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now undergoing rapid improvement, those parts or characters
which are the most valued vary the most. This naturally fol-
lows from recently selected characters continually tending to
Tevert to their former less improved standard, and from their
being still acted on by the same agencies, whatever these may
be, which first caused the characters in question o vary. Tho
same principle is applicable to natural species, for, ns stated
in.my * Origin of Specics” generic characters are less variable
than specific characters ; and the latter are those which have
been modified by variation and natural selection, since the period
when all the species belonging to the same genus branched off
from a common progenitor, whilst generic characters are those
which have remained unaltered from a much more remote epoch,
and accordingly ate now less variable. This statement makes
a near approach to Mr. Walsh's law of Equable Variability.
Secondary sexual characters, it may be added, rarely sorve to
characterise distinct genera, for they usually differ much in the
species of tho same genus, and are highly variable in the indi-
viduals of the same spocies; we have also seen in the earlier
chapters of this work how variable secondary sexual characters
become under domestication.

Summary of the three previous Chapters, on the Laws of Variation.

In the twenty-third chapter we have seen that changed con-
ditions occasionally act in a definite manner on the organisation,
so that all, or nearly all, the individuals thus exposed become
modified in the same manner. But a far more frequent result
of changed conditions, whether acting dircctly on the organisa-
tion or indirectly through the reproductive system being affected
is indefinite and fluctuating variability. In the three latter
chapters wo have endeavoured o trace somo of the laws by
which such variability s regulated.

Increased use adds to the size of a muscle, together with the
Dblood-vessels, nerves, ligaments, the crests of bone to which these
are attached, the whole bone and other connected bones. So it
is with various glands. Tncreased fnctional activity strengthens
the sense-organs. Increased and intermittent pressure thickens
the epidermis; and a change in the nature of the food some-
times modifies the coats of the stomach, and increases or
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decreases the length of the intestines. Continued disuse, on
the other hand, weakens and diminishes all parts of the organi-
sation.  Animals which during many generations have taken
but little exercise, have their lungs reduced in size, and as a
consequence the bony fabric of the chest, and the whole form of
the body, become modified. With our anciently domesticated
birds, the wings have been little used, and they are slightly
reduced; with their decrease, the crest of the sternum, the
scapule, coracoids, and furcula, have all been reduced.

With domesticated animals, the reduction of a part from
disuse is never carried so far that a mere rudiment is left, but
we have good reason to believe that this has often occurred
under nature. The cause of this difference probably is that with
domestic animals not only sufficient time has not been granted
for so' profound a change, but that from not being exposed
to a severe struggle for life, the principle of the economy of
organisation does not come into action. On the contrary, wo
sometimes seo that structures which are rudimentary in tho
parent-species become partially loped in their domesti
progeny. When rudiments are formed or left under domesti-
cation, they are the result of a sudden arrest of development,
and not of long-continued disuse with the absorption of all super-
fluous parts; nevertheless they are of interest, as showing that
rudiments are the relics of organs once perfoctly developed.

Corporeal, periodical, and mental habits, though the latter
Lave been almost passed over in this work, become changed
under domestication, and the changes are often inherited. Such
changed habits in any organio being, especially when living o
free life, would often lead to the augmented or diminished use
of various organs, and consequently o their modification, From
long-continued habit, and more especially from the occasional
birth of individuals with a slightly different constitation, domestic
animals and cultivated plants become to g certain extent
acclimatised, or adapted to a climate different from that proper
to the parent-species.

Through the principle of correlated variability, when one part
varios other parts vary,—either simultancously, or ono after
the other. Thus an orgun. modifid during an carly embryonio
period affeets other parts subsequently developed. Whon an
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such as the beak, increases or decreases in length,
ljoining or correlated parts, as the tongue and the orifice of
the nostrils, tend to vary in the same manner. When the
whole body increases or decreases in size, various parts become
modified; thus with pigeons the ribs increase or decrease in
number and breadth. Homologous parts which are identical
during their early development and are exposed to similar condi-
tions, tend to vary in the same or in some connected manner,—
as in the case of the right and left sides of the body, of the front
and hind limbs, and even of the head and limbs. 8o it is with
the organs of sight and hearing; for instance white cats
with blue eyes are almost always deaf. There is a manifest
relation throughout the body between the skin and its various
appendages of hair, feathers, hoofs, horns, and teeth. In
Paraguay, horses with curly hair have hoofs like those of a
mule; the wool and the horns of sheep vary together ; hairless
dogs are deficient in their teeth; men with redundant hair
have abnormal teeth, either deficient or in excess. Birds with
Tong wing-feathers usually have long tail-feathers. When long
feathers grow from the outside of the legs and toes of pigeons,
the two outer toes are connected by membrane; for the whole
leg tends to assume the structure of the wing. There is a
manifest relation between a crest of feathers on the head and
a marvellous amount of change in the skull of various fowls;
and in a lesser degree, between the greatly elongated, lopping
ears of rabbits and the structure of their skulls. With plants,
the leaves, various parts of the flower, and the fruit, often vary
together in a correlated manner.

In some cases we find correlation without being able even
to conjecture what is the nature of the connection, as with
‘various correlated monstrosities and diseases. This is likewise the
case with the colour of the adult pigeon, in connection with
the presence of down on the young bird. Numerous curious
instances have been given of peculiarities of constitution, in
correlation with colour, as shown by the immunity of individuals
of some one colour from certain diseases, from the attacks of
parasites, and from the action of certain vegetable poisons.

Correlation is an important subject; for with species, and
in a lessor degree with domestic races, we continually find that
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certain parts have been greatly modified to serve some useful
purpose; but we almost invariably find that other parts have
likewise been more or less modified, without our being able to
discover any advantage in the change, No doubt great cantion
is necessary in coming to this conclusion, for it is difficult to
overrate our ignorance on tho use of various parts of the organi-
sation; but from what we have now seen, we may believe that
many modifications are of no direct service, having arisen in
correlation with other and useful changes.

Homologous parts during their early development evince an
affinity for each other,—that is, they tend to cohere and fuso
together much more readily than other parts. This tendency to
fusion explains a multitude of normal structures. Multiple and
homologous organs are especially liable to vary in mumber
and probably in form. ~As the supply of organised matter is not
ualimited, the principle of compensation sometimes comes into
action; so that, when one part is greatly developed, adjoining
parts or functions aro apt o be reduced ; but this prineiplo is
probably of much less importance than the more general one
of the cconomy of growth. Through mere mechanical pressure
hard parts occasionally affect soft adjoining parts, With plants
the position of the flowers on the axis, and of tho sceds in the
capsule, somotimes leads, through a freer flow of sap, to changes
of structure; but these changes are often due to reversion.
Modifications, in whatever manner caused, will be to a cortas,

laws, which directly or indirectly govern variability, may be
largely influenced by man’s selection, and will so far be deter-
mined by natural selection that, changes advantageous to any
race will be favoured and disadvantageous changes checked.
Domestic races descended from the same species, or from
two or more allied species, are Liable to revert to characters
derivel from their common progeniter, and, gs they have much
in common in their constitutions, they are also liable under
changed conditions to vary in the sume manner; from these
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two causes analogous varieties often arise. When we reflect
on the several foregoing laws, imperfectly as we understand
them, and when we bear in mind how much remains to be
discovered, we need not be surprised at the extremely intricate
manner in which our domestic productions have varied, and
still go on varying.
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CHAPTER XXVII

PROVISIONAL HYPOTHESIS OF PANGENESIS.

PRELDMINARY REMARKS, — PIRST PART:— THE TACTS TO BE CONN) TNDER A
INGLE FOINT OF VIEW, NAMELY, TIE VARIOUS KINDS OF REPRODTCTION — i

w e ELEMENT ON THE EMALE — DEVELOPMENT—

I INDIPENDENCE OF THE ELEMENTS OB UNITS OF THE BODY —

—STATEMENT P THE 515 —HOW FAR TIE NECHSSARY ASSUMP-
TIONS ARE INPRODADLE — EXPLANATION BY AID OP THE HYPOTHESIS OF THE
SEVERAL CLASSIS OF FACTS SPECIFIED IN THE FIRST PART—CONCLUSION.

Ix the previous chapters large classes of facts, such as those bear-
ing on bud-variation, the various forms of inheritance, the causes
and laws of variation, have been discussed ; and it is obvious that
these subjects, as well as the several modes of reproduction,
stand in some sort of relation to each other. I have been led,
or_ rather foreed, to form a view which to a certain extent
connects these facts by a tangible method. Every one would
wish to explain to himself, even in an imperfect manner, how it
is possible for a character possessed by some remote ancestor
suddenly to reappear in the offspring; how the effects of
increased or decreased use of a limb can be transmitted to tho
child; how the male sexual element can act not solely on
the ovule, but occasionally on the mother-form ; how a limb can
Do reproduced on the exact line of amputation, with neither too
much nor too littlo added; how it comes that organic beings
identical in every respect are habitually produced by such
widely different processes, as budding and true seminal genera-
tion. T am aware that my view is merely a provisional hypo-
thesis or speculation; but until a better one bo advanced, it
may be serviceable by bringing together a multitude of facts
which are at present left disconnected by any offcient cause,
As Whewell, the historian of the inductive seicnces, remarks:—
«Hypotheses may often bo of service to science, whon thoy
“inyolve a certain portion of incompleteness, and even of error”
Under this point of view I venture to advance the hypothesis of
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Pangenesis, which implies that the whole organisation, in the
senso of every separate atom or unit, reproduces itsclf. Henco
ovales and pollen-grains,—the fertilised seed or egg, as well as
buds,—include and consist of a multitude of germs thrown off
from each separate atom of the organism.

In the First Part I will enumerate as briefly as T can tho
groups of facts which scem to demand connection; hut certain
subjects, not hitherto discussed, must be treated at dispropor-
tionato length. In the Second Part the hypothesis will be given;
and we shall sec, -after considering how far the necossary

ions are in th, i whether it serves to
bring under a single point of view the various facts.

Parr T

Reproduction may be divided into two main classes, namely,
sexual and asexual. The latter is effected in many ways—by
gommation, that is by the formation of buds of various kinds,
and by fissiparous generation, that is by spontaneous or artificial
division. It is notorious that some of the lower animals, when
cut into many pieces, reproduce so many perfect individuals:
Lyonnet out a Nais or freshwater worm into nearly forty pieces,
and theso all reproduced perfect animals Tt is probablo that
segmentation could be carried much further in some of tho
protozos, and with some of the lowest plants cach cell will
reproduce the parent-form. Johannes Miiller thought that
there was an important distinction between gemmation and
fission; for in the latter caso tho divided portion, however
small, is moro perfoctly organised ; but most physiologists are
now convinced that the two processes aro essentially alike.
Prof. Huxley remarks, “fision is littlo more than o peculiar
“modo of budding” and Prof. H. J. Clark, who has especially

oted by Paget, ‘Lectures on
Pathology, 1858, p. 159,
2Dr. ILad

ith respeet o infusors, that “ fissn-
“tion and gemmation pass into each
“otber almost imperceptibly.” Again,
. W. C. Minor (* Annals and Mag, of
Nat, Hist," 8rd series, vol. xi. p. 328)

shows that with Aunelids the distino-
tion that has been mado between fision
and budding is not o fundamental one.
Seo Bonnet, * Gluyres & Hist. Nat,, tom.
Yo 1781, p. 589, for remarks on tho
budding-out of the amputated limbs
of Salamanders.  See, also, Professor
Clarks ork *Mind in Nuture,” New
York, 1865, pp. 62, 94,
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attended to this subject, shows in detail that there is sometimes
“a compromise between self-division and budding.” - When a
Timb is amputated, or when the whole body is bisected, the cut
extremities are said to bud forth; and as the papilla, which is
first formed, consists of undeveloped cellular tissue like that
forming an ordinary bud, the expression is apparently correct.
We see the connection of the two processes in another way ; for
Trembley observed that with the hydra the reproduction of the
head after amputation was checked as soon as the animal began
to bud?

Between the production, by fissiparous generation, of two or
more complete individuals, and the repair of even a very slight
injury, we have, as remarked in a former chapter, so perfect
and insensible a gradation, that it is impossible to doubt that
they are connccted processes. Between the power which re-
pairs o trifling injury in any part, and the power which pre-
viously “was occupied in its maintenance by the continued
“mutation of its particles,” there cannot be any great difference ;
and we may follow Mr. Paget in believing them to be the self-
same power. As at each stage of growth an amputated part
is replaced by one in the same state of development, we
must likewise follow Mr. Paget in admitting *that the powers
“of development from the embryo are identical with those
“exercised for the restoration from injuries: in other words,
“that the powers are the same by which perfection is first
“achieved, and by which, when lost, it is recovered.”* Finally,
we may conclude that the several forms of gemmation, and of
fissiparous generation, the repair of injuries, the maintenance
of each part in its proper state, and the growth or progressive
development of the whole structure of the embryo, are all
essentially the results of one and the same great powor.

Sezual. Generation.—The wnion of the two sexual eloments
seems to make a broad distinction between sexual and asexual
reproduction. But the well-ascertained cases of Parthenogenesis
prove that the distinction is not really so great as it at first
appears; for ovules oceasionally, and even in some cases fre-
quently, become developed into perfect beings, without the con-

3 Paget, Lectures on Patlology; 1855, p, 158, * Tom, pp. 152, 164,
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course of the malo element. J. Miller and others admit that
ovules and buds have the same essential nature; and in the
case of Daphnia Sir J. Lubbock first showed that ova and
pseudova are identical in structure. Certain bodies, which
during their early development cannot be distinguished by any
external character from true ovules, nevertheless must be classed
as buds, for though formed within the ovarium they are incap-
able of fertilisation. This is the case with the germ-balls of
the Cecidomyide larvee, as deseribed by Leuckart’ Ovules
and the male element, before they become united, have, like
buds, an independent existence.* Both have the power of trans-
mitting every single character possessed by the parent-form.
We see this clearly when hybrids are paired inter se, for the
characters of cither grandparent often reappear, cither perfoctly
or by segments, in the progeny. It is an error to supposo
that the male transmits certain characters and the femalo
other characters; though no doubt, from unknown causes, one
sex sometimes has a stronger power of transmission than the
other.

It has been maintained by some authors that a bud differs
essentially from a fortilised germ, by always reproducing tho
perfect character of the parent-stock; whilst fertilised germs
become developed into beings which differ, in a greater or less
degree, from each other and from their parents. But there is
no such broad distinction as this. In the eleventh chapter,
umerous cases were given showing that budsoccasionally
grow into plants having new and strongly marked characters;
and varicties thus produced can bo propagated for o length
of time by buds, and oceasionally by seed. Novertheless, it
must be admitted that beings produced soxually are much more
liable to vary than those produced asexually ; and of this fuct g
partial explanation will Lereafter be attempted. The variability
in both cases is determined by tho same goneral causes, and iv
governed by the same laws. Hence new varietics arising from
buds cannot be distinguished from those arising from seed.
Although bud-varicties usually retain their character during

o0n the Asexul Reproduction of Sy somo excellent remarks on fhis
Cecidomyide Tarve, translated in head by Quatrefages, in * Annales des

Itamals and Mag. of Nat, Hist,' March,  Sc. Nat, Zoolog., Srd seris, 1830, p.
1866, pp. 167, 171, < 1
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successive bud-generations, yet they occasionally revert, even
after a long series of bud-generations, to their former character.
This tendency to reversion in buds is one of the most remarkable
of the several points of agreement between the offspring from
bud and seminal reproduction.

There is, however, one difference between beings produced
sexually and asexually, which is very general. The former
usually pass in the course of their development from a lower to
a higher grade, as we see in the metamorphoses of insects and
in the concealed metamorphoses of the vertebrata; but this
phssage from a lower to a higher grade cannot be considered as
& nocessary accompaniment of sexual reproduction, for hardly
anything of the kind occurs in the development of Aphis
amongst insects, or with certain crustaceans, cephalopods, or
with any of the higher vascular plants. Animals propagated
asexually by buds or fission are on the other hand never known
to undergo a retrogressive metamorphosis; that is, they do not
first sink to a lower before passing on to their higher and final
stage of development. But during the act of asexual produc-
tion or subsequently to it, they often advance in organisation,
as e sce in the many cases of “alternate generation.” In thus
speaking of alternate generation, I follow those naturalists who
Took at the process as essentially one of internal budding or of
fissiparous generation. Some of the lower plants, however, such
as mosses and certain alge, according to Dr. L. Radlkofer,” when
propagated asexually, do undergo a retrogressive metamorphosis.
‘We can to a certain extent understand, as far as the final canse
is concerned, why beings propagated by buds should so rarely
retrogress during development; for with each organism the
structure acquired at each stage of development must be adapted
toits peculiar Labits. Novw, with beings produced by gemmation,
—and this, differently from sexual reproduction, may oceur at
any period of growth,—if there were places for the support of
many individuals at some one stage of development, the simplest
plan would be that they should be multiplied by gemmation at
that stage, and not that they should first retrograde in their
development to an earlier or simpler structure, which might
mot be fitted for the surrounding conditions.

7 ¢ Annals and Mag, of Nat, Hist 2nd serics, vol. xx., 1857, pp. 138-435.
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From the several foregoing considerations we may conclude
that the difference between sexual and asexual generation is
not nearly so great as it at first appears ; and wo have already
seen that there is the closest agreement between gemmation,
fissiparous generation, the repair of injuries, and ordinary growth
or development. The capacity of fertilisation by the male
element seems to be the chief distinction between an ovule and
abud; and this capacity is not invariably brought into action,
as in the cases of parthenogenetic reproduction. We are here
naturally led to inquire what the final cause can be of the
necessity in ordinary generation for the concourse of the. fy
sexual elements.

Seeds and ova are often 'highly serviceable as the means of
disseminating plants and animals, and of preserving them during
one or more seasons in a dormant state; but unimpregnatod
sceds or ova, and detached buds, would be equally serviceable
for both purposes. We can, however, indicate two important
advantages gained by the concourse of the two sexes, or rather
of two individuals belonging to opposite sexes; for, as I haye
shown in a former chapter, tho structure of every organism
appears to be especially adapted for the concurrence, at least
occasionally, of two individuals, In nearly the same manner
as it is admitted by naturalists that hybridism, from inducing
sterility, is of service in keeping the forms of life distinct and
fitted for their proper places; so, when species are rendered
bighly variable by changed conditions of life, the free inter-
crossing of the varying individuals will tend to keep cach form
fitted for its proper place in nature; and crossing can be effected
only by sexual generation, but whether the end thus gained
is of sufficient importance to account for the first origin of
sexual intercourse is very doubtful. Secondly, I have shown,
from the consideration of a large body of facts, that, as a slight
change in the conditions of life is beneficial to each creature,
50, in an analogous manner, is the change effected in the germ
by sexual nion with a distinet individual; and T have been led,
from. observing the many widely-extended provisions throughout
nature for this purpose, and from the greater vigour of crossed
organisms of all kinds, as proved by direct experiments, as
well as from the evil effects of close interbreeding when long
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continued, to believe that the advantage thus gained is very
great. Besides theso two important ends, there may, of course,
be others, as yet unknown to us, gained by the concourse of the
tyvo sexes.

‘Why the germ, which before impregnation undergoes a certain
amount of development, ceases to progress and perishes, unless
it be acted on by the male element; and why conversely the
male element, which is enabled to keep alive for even four
or five years within the spermatheca of a female insect, like-
wise perishes, unless it acts on or unites with the germ, are
questions which cannot be answered with any certainty. It
is, however, possible, that both sexual elements perish, unless
brought into union, simply from including too little formative
matter for independent existence and development; for cer-
tainly they do not in ordinary cases differ in their power of
giving character to the embryo. This view of the importance
of the quantity of formative matter seems probable from the
following considerations. There is no reason to suspeet that
the spermatozoa or pollen-grains of the same individual animal
or plant differ from each other; yet Quatrefages has shown in
the caso of tho Teredoy as did formerly Prevost and Dumas
with other animals, that more than one spermatozoon is requisite
to fertilise an ovule. This has likewise been clearly proved by
Newport,? who adds the important fact, established by numerous
experiments, that, when a very small number of spermatozon
are applied to the ova of Batrachians, they are only partially
impregnated and the cmbryo is never fully developed: the
first step, howover, towards development, namely, the partial
segmentation of the yelk, does oceur to a greater or less extent,
but is never completed up to granulation. The rate of the seg-
mentation is likewise determined by the number of the sperma-
tozon. With respect to plants, nearly the same results were
obtained by Kolreuter and Giirtner. This last careful observer
found," after making successive trials on a Malva with more
and more pollen-grains, that even thirty grains did not fer-
tilise a single sced; but when forty grains were applied to the

® ¢ Aunales des Se. Nat, 3l serics, 1850, tom.
© < Transact, Phil. Soc., 151, pp. 196, 208 2105 1858, . 246,247,
0 *Beitrago zur Kenntuiss, &c, 1844, 5.
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stigma, a few seeds of small size were formed. The pollen-
grains of Mirabilis are extraordinarily large, and the ovarium
contains only a single ovule; and these circumstances led
Naudin® to make the following interesting experiments: a
flover was fertilised by three grains and suceceded perfoetly;
twelve flowers were fertilised by two grains, and seventeen
Hlowers by a single grain, and of these one flower alone in
each lot perfected its seed : and it deserves especial notice that
the plants produced by these two seeds never attained their
proper dimensions, and bore flowers of remarkably small size.
From these facts we clearly sce that the quantity of the pecu-
Jiar formative matter which is contained within the spermatozoa
and pollen-grains is an all-important element in the act of
fertilisation, not only in the full development of the seed, but
in the vigour of the plant produced from sucli seed. We
see something of the same kind in certain cases of parthe-
nogenesis, that s, when the male element is wholly excluded ;
for M. Jourdan* found that, out of about 58,000 eggs laid by
unimpregnated sillemoths, many passed through their carly
embryonic stages, showing that they were capable of self-
development, but only twenty-nine out of the wholo number
produced caterpillars. ~ Therefore it s not an improbable view
that deficient bulk or quantity in the formative matter, contained
within the sexual elements, is the main cause of their not having.
the capueity of prolonged soparate existence and development.
The belief that it is the function of the spermatozoa to commu-
nicate life to the ovule seems a strange one, seeing that the
unimpregnated ovule is already alive and continues for a con.
siderable time alive. We shall hereafter see that it is probable
that the sexual elements, or possibly only the fomalo clement,
include certain primordial cells, that is, such as have undergone
no differentiation, and which are not Present in an active state
in buds,

Graft-hybrids—When discussing in the eleventh chapter the
i f the Cytisus adami,i that, after the tissnes

» ¢ Nouvelles Archives du Muséam,’ 12 As quoted by Sir J. Lubbock in
tom. i, p. 27, *Nat. Hist. Review, 1862, p. 343.
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of two plants belonging to distinct species or varieties have become
intimately united, buds are occasionally produced which, like
hybrids, combine the characters of the two united forms. It is
also certain that when trees with variegated leaves are grafted or
budded on a common stock, the latter sometimes produces buds
bearing variegated leaves; but this may perhaps be looked at as
a case of inoculated disease. The possibility of the production
of hybridised buds by the union of two distinct vegetative tissues
is an important fact, as it shows us that sexual and asexual
reproduction are essentially the same; for the power of combin-
ing in the offspring the characters of both parents is the most
striking of all the fanctions of sexual generation.

Direct Action of the Male Flement on the Female—TIn the
chapter just referred to, I have given abundant proofs that
foreign pollen occasionally affects the mother-plant in a direct
manner.  Thus, when Gallesio fertilised an orange-flower with
pollen from the lemon, the fruit bore stripes of perfectly charac-
terised lemon-peel: with peas, several observers have seen the
colour of the seed-coats and even of the pod directly affected by
the pollen of a distinet variety; so it has been with the fruit of
the apple, which consists of the modified calyx and upper part
of the flowerstalk. These parts in ordinary cases are wholly
formed by the mother-plant. We here see the male element
affecting and hybridising not that part which it is properly
adapted to affect, namely the ovule, but the partially-developed
tissues of a distinet individual. - We aro thus brought half-way
towards a graft-hybrid, in which the cellular tissue of one form,
instead of its pollen, is believed to hybridise the tissues of 3

istinet form. I formerly assigned reasons for rejecting tho
belief that the mother-plant is affected through the intervention
of the hybridised embryo; but even if this view were admitted,
the case would become one of graft-hybridism, for the fertilised
embryo and the mother-plant must be looked at as distinct
individuals,

‘With animals which do not bree
of which all the parts are then fully developed, it is hardly
possible that the malo clement, should dircctly affoct. the
female. But we have the analogor

. us and perfectly well-ascer-
tained case of the male element of g istinct form, as with the

d until nearly mature, and
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quagga and Lord Morton's mare, affecting the ovarium of the
female, so that the ovules and offspring subsequently produced
by her when impregnated by other males are plainly affected
and hybridised by the first male.

Development.—The fertilised germ reaches maturity by a vast
number of changes: these are cither slight and slowly effected,
as when the child grows into the man, or are great and sudden,
as with the metamorphoses of most insects. Between these ex-
tremes we have, even within the same class, every gradation :
thus, as Sir. J. Lubbock has shown, there is an Ephemerons
insect which moults above twenty times, udergoing each time
a slight but decided change of structure; and these changes,
as he further remarks, probably reveal to us the normal stages
of development which are concealed and hurried through,
or suppressed, in most other insects. In ordinary metamor-
phoses, the parts and organs appear to become changed into the
corresponding parts in the next stage of development; but
there is another form of development, which has been called by
Professor Owen metagenesis. In this case “the new parts are
“not moulded upon the inner surface of the old ones. The
“ plastic force has changed its course of operation. The outer
 case, and all that gave form and character to the procedent
 individual, perish and are cast off; they are not changed into
« the corresponding parts of the new individual. These are duc
“to a new and distinct developmental process,” &c.* Metamor-
phosis, however, graduates so insensibly into metagenesis, that
the two processes cannot be distinctly separated. For instance,
in the last chango which Cirripedes undergo, tho alimentary
canal and somo other organs are moulded on pre-existing parts;
but the eyes of the old and the young animal are developed in
entirely different parts of the body; the tips of the maturo
limbs are formed within the larval limbs, and may bo said
to be metamorphosed from them but their basal portions
and the whole thorax are developed in o plane actually at
xight angles to the limbs and thorax of the larva; and this

% ¢ Transact. Linn. 800, vol. Xxiv.,  on this subject,in roference fo the do-
1863, p. 62. ‘velopment of star-fishes, and shows how
1 * Parthenogenesis, 1849, pp. 25-  curiously metamorphosis graduates info
26. Prof. Huxley has some excellent  gemmation or zoid-formation, which is
remarks (‘ Medical Times,’ 1856, p. 637)  in fact the same. as metagenesis.
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may be called metagenesis. The metagenetic process is carried
to an extreme degree in the development of some Echinoderms,
for the animal in the second stago of development s formed
almost like a bud within the snimal of the first stage, the
latter being then cast off like an old vestment, yet sometimes
still maintaining for a short period an independent vitality.”

If, instead of a single individual, several were to bo thus
developed metagenetically within o pre-existing form, the pro-
cess would bo_called one of alternate generation. The young
thus developed may either closely resemble the encasing parent-
form, as with the larvae of Cecidomyia, or may differ to an
astonishing degree, as with many parasitic worms and with
jelly-fishes ; but this does not make any essential difference in
the process, any more than the greatness or abruptness of the
change in the metamorphoses of insects.

The whole question of development is of great importance
for our present subject. When an organ, the eye for instance,
is metagenetically formed in a part of the body where during
the previous stage of development no eye existed, we must look
at it s a new and independent growth. The absolute independ-
ence of new and old structures, which correspond in structure
and function, is still more ohvious when several individuals are
formed within a previous encasing form, as in the cases of
slternate gencration. The same important principle probably
comes largely into play even in the case of contimuous growth,
as we shall see when we consider the inheritance of modifica-
tions at corresponding ages.

We are led to the same conclusion, namely, the independ-
ence of parts successively developed, by another and quite

istinct group of facts. It is well known that many animals
belonging to the same class, and therefore not differing widely
from each other, pass through an extremely difforent course of
development. - Thus certain beetles, not in any way romarkably
different from others of the sameo order, undorgo what has boen.
called a hyper-metamorphosis—that is

stage wholly different from the or

e dinary grab-like larva,
A the same sub-order of crabs, namely, the Macroura, as Frity

* Prof. 3. Reay Gireene,in Githar's *Rocond of Zoolog, Lt 1885, p. 25,
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Miiller remarks, the river cray-fish is hatched under the same
form which it ever afterwards retains; the young lobster has
divided legs, like a Mysis; the Palemon appears under the
form of a Zoea, and Penens under the Naupliusdform; and
how wonderfully these larval forms differ from each other, is
known to every naturalist® Some other crustaceans, as the
same author observes, start from the same point and arrive at
nearly the same end, but in the middle of their development are
widely different from each other. Still more striking cases
could be given with respect to the Hehinodermata. With the
Modusee or jelly-fishes Professor Allman observes,  the classi-
< fication of the Hydroida would be a wmpamuvely sxmple
“ task if, as has been asserted,

“ medusoids always arose from generically-identical polypoids;
“and on the other hand, that generically-identical polypoids
“always gave origin to generically-identical medusoids.” So,
again, Dr. Strethill Wright remarks, “in the life-history of the
«Hydroidw any phase, planuloid, polypoid, or medusoid, may
“ be absent.” "

According to the belief now generally accepted by our best
naturalists, all the members of the same order or class, the
Macrourous crustaceans for instance, are descended from o
common progenitor. During their descent they have diverged
much in structure, but have retained much in common; and
this divergence and retention of character has been effected,
though they have passed and still pass through marvellously
different metamorphoses. This fact well illustrates how inde-
pendent each structure must be from that which precedes and
follows it in the course of development.

The Functional Independence of the Elements or Units of the
Body—Physiologists agree that the whole organism consists of
a multitude of elemental parts, which are to a great extent
independent of each other. Each organ, says Claude Bernard,®

1 Fritz Miller's ‘Fiir Darwin, 1864, 17 Prof. Allman, in * Amalsend .
5,65, 71. The highest authority on crus- "
fnccan, Prot. Milao Bdards, inste
0 h
Zoolog. analogous stafements by Sars.
e closely 1 ¢ Tissus Vivants,' 1966,
Al oo
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has its proper life, its autonomy ; it can develop and reproduce
itself independently of the adjoining tissues. The great German
authority, Virchow," asserts still more emphatically that each
system, as the nervous or osseous system, or the blood, consists
of an “enormous mass of minute centres of action. . . . . Every
«eloment has its own special action, and even thongh it derive
«its stimulus to activity from other parts, yet alono effects the
«gctual performance of its duties. . . . . Every single epithelial
«and muscular fibre-cell leads a sort of parasitical existence
“in relation to the rest of the body. . . . . Every single bone-
«corpuscle really possesses conditions of nutrition peculiar to
“itself” Each clement, as Mr. Paget remarks, lives its ap-
pointed time,and then dies, and, after being cast off or absorbed,
is replaced® T presume that no physiologist doubts that, for
instance, each bone-corpiisele of the finger differs from the

ing corpuscle in the ing joint of the toe;
and there can hardly be a doubt that even those on the corre-
sponding sides of the body differ, though almost identical in
nature. This near approach to identity is euriously shown in
many diseases in which the same exact points on the right and
Teft sides of the body are similarly affected ; thus Mr. Paget®
gives a drawing of a diseased pelvis, in which the bone has
grown into a most complicated pattern, but there is not one
“spot or line on one side which is not represented, as exactly as
it would be in a mirror, on the other.”

Many facts support this view of the independent life of each
minute element of the body. Virchow insists that a single bone-
corpusele or a single cell in the skin may become diseased. The
spur of a cock, after being inserted into the eye of an ox, lived
for eight years, and acquired a weight of 306 grammes, or
nearly fourteen ounces® Tho tail of a pig has been grafted
into the middle of its back, and reacquired sensibility.
Ollier® inserted a pieco of periosteum from the bone of a
young dog under the skin of a rabbit, and true bone was
developed. A multitude of similar facts could be given. The

1 < Collular Pathology,” transla  Mantegazza, quoted in ¢ Popular
e e s e

* Paget, ‘Surgical Pathology, vol, # ¢De la Production Artificielle des
1898, pp. 1214, iy

* Tdem, 7. 19,

VOL. 11 23
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frequent presence of hairs and of perfectly developed teeth, even
teeth of the second dentition, in ovarian tumours,* are facts
leading to the same conclusion.

Whether each of the innumerable autonomous elements of
the body is a cell or the modified product of a cell, is a more
doubtful question, even if so wide a definition be given to the
term, as to include celllike bodies without walls and without
nuclei” Professor Lionel Beale uses the term ©germinal
“matter” for the contents of cells, taken in this wide accepta-
tion, and he draws a broad distinction between germinal matter
and “formed material” or the various products of cells® But
the doctrine of omnis cellula e celluld is admitted for plants, and
is a widely prevalent belief with respect to animals” Thus
Virchow, the great supporter of the cellular theory, whilst
allowing that difficulties exist, maintains that every atom of
tissue is derived from colls, and these from pre-existing cells.
and these primarily from the egg, which he regards as a great
coll. That cells, still retaining the same nature, increase by
self-division or proliferation, is admitted by almost every one.
But whon an_ organism undergoes a great change of structure
during development, the cells, which at each stage are supposed
t0 be directly derived from previously existing cells, must likewise
be greatly changed in nature; this change is apparently atri-
buted by the supporters of the cellular doctrine to some inherent
power which the cells possess, and not to any external agency

Another school maintains that cells and tissues of all kinds
may be formed, independently of pre-existing cells, from plastic
Iymph or blastema; and this it is thought is well exhibited in
the repair of wounds. As T have not especially attended to
histology, it would e presumptuous in me to eXpress an opi-
nion on the two opposed doctrines. But every ono appears to
admit that the body consists of a multitude of « organic units,”*

** Tsidore Geoffroy St Hiluiro,  Hist,  Aspoct of Cellular Pathology,’ * Edin-

des Anomalies;” tom. ii. pp. 519, 560,
562; Virchow, idem, p. 484,

* For the most recent classification
of cells, see Ernst Hackel's ¢ Generelle
Morpholog.. Band i, 1866, 5. 275.

* “Tho Structuro and Growth of
Tissues, 1865, p. 21, &e.

7 Dr. W. Tumer, ‘The present

burgh Medical Journal,” April, 1563,

= This term s used by Dr. E. Mont-
‘gomery (“ On tho Formation of so-called
Cells in Animal Bodies, 1867, p. 42),
who denies that cells are derived from
othir cells by a process of growth, but
believes that they originato  through
certain chemical changes.
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each of which possesses its own proper attributes, and is to o
certain extent independent of all others. Hence it will bo cone
venient to use indifferently the terms cells or organic units or
simply units.

Variability and Inheritance.—We have seen in the twenty-
socond chapter that variability is not a principle co-ordinate
with life or reproduction, but results from special causes,
generally from changed conditions acting during successive
generations. Part of the fluctuating variability thus induced
is apparently due to the sexual system being easily affocted
by changed conditions, so that it is often rendered impotent;
and when not so seriously affected, it often fails in its proper
function of transmitting truly the characters of the parents to
the offspring. But variability is not necessarily connected with
the sexual system, as we see from the cases of bud-variation ;
and although we may not be able to trace the nature of the
connexion, it is probable that many deviations of structure which
appear in sexual offspring result from changed conditions acting
direetly ou the isation, ind of the i
organs. In some instances we may feel sure of this, when all, or
nearly all the individuals which have been similarly exposed are
similarly and definitely affected—as in the dwarfed and otherwise
changed maize brought from hot countries when cultivated in
Germany ; in the chango of the fleece in sheep within the tropics ;
o a certain extent in the increased size and carly maturity of
our bighly-improved domesticated animals; in inherited gout
from intemperance; and in many other such cases. Now, as
such changed conditions do not especially affoct the reproductive
orguns, it seems mysterious on any ordinary view why their
product, the new organic being, should be similarly affected.

How, again, can we explain to ourselyes the inherited effects
of the use or disuse of particular organs? The domesticated
duck flies less and walks more than the wild duck, and its
Timb-bones have become in a corresponding manner diminished
and increased in comparison with those of the wild duck. A
horse is trained to certain paces, and the colt inherits similar
consensual movements. The domesticated rabbit becomes tame
from close confinement ; the dog intelligent from associating
with man; the retriever is taught to fetch and carry : and these

2382
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mental endowments and bodily powers are all inherited. Nothing
in the whole cireuit of physiology is more wonderful. How can
the use or disuse of a particular limb or of the brain affect
a small aggregate of reproductive cells, seated in a distant part
of the body, in such a manner that the being developed from
these cells inherits the characters of either one or both
parents? Even an imperfect answer to this question would
be satisfactory.

Sexual reproduction does not essentially differ, as we have
seen, from budding or self-division, and these processes graduate
through the repair of injuries into ordinary development and
growth ; it might therefore be expected that every character
would be as regularly transmitted by all the methods of re-
production as by continued growth. In the chapters devoted
1o inheritance it was shown that a multitude of newly-ncquired
characters, whether injurious or beneficial, whether of the lowest
or highest vital importance, are often fithfully transmitted
—frequently even when one parent alone possesses some new
peculiarity. It deserves especial attention that characters ap-
pearing at any age tend to reappear at a corresponding age.
‘We may on the whole conclude that in all cases inheritance
is the rule, and non-inheritance the anomaly. In some instances
a chatacter is not inherited, from the conditions of life being
directly opposed to its development; in many instances, from
the conditions incessantly inducing fresh variability, as with
grafted fruit-trees and highly cultivated flowers. In the re-
maining cases the failure may be attributed to reversion, by
which the child resembles its grandparents or more remote pro-
genitors, instead of its parents.

This principle of Reversion is the most wonderful of all the
attributes of Inheritance. It proves to us that the transmission
of a character and its development, which ordinarily go together
and thus escape discrimination, are distinet powers; and these
powers in some cases ate even antagonistic, for each acts alter-
nately in successive generations. Reversion is not a rare event,
depending on some unusual or favourable combination of eircum-
stances, but occurs so regularly with crossed animals and plants,
and so frequently with uncrossed breeds, that it is evidently an
essential part of the principle of inheritance. We know that
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changed conditions have the power of evoking long-lost characters,
as in the case of some feral animals. The act of crossing in
itself possesses this power in a high degree. What can be
more wonderful than that characters, which have disappeared
during scores, or hundreds, or even thousands of generations,
should suddenly reappear perfeetly developed, as in the caso
of pigeons and fowls when purely bred, and especially when
crossed ; or as with the zebrine stripes or dun-coloured horses,
and other such cases? Many monstrosities come under this
same head, as when rudimentary organs are redeveloped, or
when dn organ which we must believe was possessed by an
carly progenitor, but of which not even a rudiment is lft,
suddenly reappears, as with the fifth stamen in some Scro-
phulariacew.  We have already seen that reversion acts in bud-
reproduction ; and we know that it oceasionally acts during the
growth of the same individual animal, especially, but not exclu-
sively, when of crossed parentage,—as in the rare cases described
of individual fowls, pigeons, cattle, and rabbits, which have
reverted as they advanced in years to the colours of one of their
parents or ancestors.

We are led to believe, as formerly explained, that every
character which occasionally reappears is present in a latent form
in each generation, in nearly the same manner as in male and
female animals secondary characters of the opposite sex lie
latent, ready to be evolved when the reproductive organs are
injured. This comparison of the secondary sexual characters
which are latent in both sexes, with other latent characters,
is the more appropriate from the case recorded of the Hen,
which assumed some of the masculine characters, not of her
own race, but of an early progenitor; she thus exhibited at
the same time the redevelopment of latent characters of both
kinds and connected both classes. In every living creature
we may feel assured that a host of lost characters lie ready to
be evolved under proper conditions. How can we make in-
telligible, and connect with other facts, this wonderful and
common capacity of reversion,—this power of calling back to
life long-lost characters?
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Parr IL

1 have now enumerated the chief facts which every one would
dosiro to connect, by some intelligible bond. * This can b done,
as it seems to me, if we make the following assumptions; if
the first and chief one be not rejected, the others, from being
supported by various physiological considerations, will not appear
very improbable. It is almost universally admitted that cells,
or the units of the body, propagate themselves by self-division or
proliferation, retaining the same nature, and ultimately becoming
converted into the various tissues and substances of the body.
But besides this means of increase T assume that cells, before
their conversion into completely passive or * formed material,”
throw off minute granules or atoms, which circulate freely
throughout the system, and when supplied with proper nutriment
multiply by self-division, subsequently becoming developed into
cells like those from which they were derived. Theso granules
for the sake of disti may be called cell-g les, or,
as the cellular theory is not fully established, simply gom-
maules, They are supposed to bo transmitted from the parents
to the offspring, and are generally developed in the genera-
tion which immediately succeeds, but are often transmitted
in a domant state during many generations and are then
developed. Their development is supposed to depend on their
union with other partially developed cells or gemmules which
precede them in the: regular course of growth. Why I uso
the term union, will be seen when we discuss the direct action
of pollen on the tissues of the mother-plant. Gemmaules aro
supposed to bo thrown off by every cell or unit, not only
during the adult state, but during all the stages of develop-
ment. Lastly, I assume that the gemmaules in their dormant
state have a mutual affinity for each other, leading to their
aggregation either into buds or into the sexual elements. Hences
speaking strictly, it is not the reproductive elements, nor the
buds, which generate new organisms, but the cells themselves
throughout the body. These assumptions constitute the pro-
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visional hypothesis which I have called Pangenesis. Views in
some respects similar have been propounded, as I find, by other

authors.®
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Before proceeding to show, firstly, how far theso assump-
tions are in themselves probable, and secondly, how far they
connect and explain the various groups of facts with which we
are concerned, it may be useful to give an illustration of the
hypothesis. If one of the simplest Protozoa be formed, as
appears under the microscope, of a small mass of homogeneous
gelatinous matter, a minute atom thrown off from any part and
nourished under favourable circumstances would naturally
reproduce the whole; but if the upper and lower surfaces were
to differ in texture from the central portion, then all threo
parts would have to throw off atoms or gemmules, which when
aggregated by mutual affinity would form either buds or the
sexual elements. Precisely the same view may be extended to
one of the higher animals; although in this case many thousand
gommules must be thrown off from the various parts of the
body. Now, when the leg, for instance, of a salemander is cut
off, a slight crust forms over the wound, and beneath. this crust
the uninjured cells or units of bone, muscle, nerves, &e. are
supposed to unite with the diffused gemmaules of those cells
which in, the perfoct leg come nest in order; and these as they
become slightly developed unite with others, and so on until
papilla of soft. ccllular tissue, the “budding leg,” is formed, and
in time a perfect log® Thus, that portion of the leg which had

o Bave o groups of physalogial
mutm lightly different in their sru
T4 s ‘o obvious that
in the forun of the part, caused
by changedaction,involvessuck change
11intho physclogial wits througliont
¢t ongunie, it s, when groups
e i hapo of
i ene st coares will old i
 organisms that have this part similarly
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 argan modified by inerease or decrease
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“the system ot Jargo a8 o bring about
“thoso eorrclativo changes required o
“ produce @ new equilibrium; and yet
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“ fully expressed in the modified physio-
“Togical units of which the organism is

sary o rogaowth Gt ] poion
of the limb should be laf. Bt as
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been cut off, neither more nor less, would be reproduced. If
the tail or leg of a young animal had been cut off, a young tail
or leg would have been reproduced, as actually occurs with the
amputated tail of the tadpole; for gemmules of all the units
which compose the tail are diffused throughout the body at all
ages. But during the adult state the gemmules of the larval
tail would remain dormant, for they would not meet with pro-
existing cells in a proper state of development with which to
unite. If from changed conditions or any other cause any part
of the body should become permanently modified, the gem-
mules, which are merely minute portions of the contents of the
cells forming the part, would naturally reproduce the same
modification. But gemmules previously derived from the same
part before it had undergone any change, would still be diffused

the and would be itted from
generation to generation, so that under favourable circumstances
they might be ped, and then the new modification would

be for a time or for ever lost. The aggregation of gemmules
derived from cvery part of the body, through their mutual
affinity, would form buds, and their aggregation in some special
manner, apparently in small quantity, together probably with
the presence of gemmules of certain primordial cells, would
constitute the sexual elements. By means of theso illustrations
the hypothesis of pangenesis has, I hope, been rendered in-
telligible.

Physiologists maintain, as we have seen, that each cell,
though to a large extent dependent on others, is likewise, to a
certain extent, independent or antonomous. I go one small step
further, and assume that each cell casts off a free gemmule,
which is capable of reproducing a similar cell. Thero is some
analogy between this view and what we see in compound
animals and in the flower-buds on the same tree ; for these are
distinct individuals capable of true or seminal reproduction, yet
have parts in common and are dependent on each other; thus

tho lower animals the whle body may  deep wound, as in the caso of the extir-
Do bisceled and both halves be repro-  pation of the scapula, prevont the for-
duced, this belief does not scom pro-  mation or protrusion of tho nascent
bable. May ot the carly closing of & limb?
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the tree has its bark and trunk, and certain corals, os the
Virgularia, have not only parts, but movements in common.

The existence of free gemmaules is a gratnitous assumption,
yet can hardly be considered as very improbable, sceing that
cells have the power of multiplication throngh the self-division
of their contents. Gemmules differ from true ovules or buds
inasmuch as they are supposed to bo capable of multiplication
in their undeveloped state. No ome probably will object to
this capacity as improbable. The blastema within the egg has
been known to divide and give birth to two embryos; and
“Phuret™ has seen the z003pore of an alga divide itself, and both
lalves germinate. An atom of small-pox matter, so minute os
to be borne by the wind, must multiply itself many thousand-
fold in a person thus inoculated.® It has recently been ascer-
tained® that a minute portion of the mucous discharge from an
animal affected with rinderpest, if placed in the blood of a
healthy ox, increases so fast that in a short space of time “the
« wholo mass of blood, weighing many pounds, is infected, and
“ every small particle of that blood contains enough poison to
« give, within less than forty-eight hours, the disease to another
“ animal.”

The retention of free and undeveloped gemmaules in the samo
body from early youth to old age may appear improbable, but
we should remember how long seeds lic dormant in the earth
and buds in the bark of a tree. Their transmission from genera-
tion to generation may appear still more improbable; but here
again wo should remember that many rudimentary and useless
organs are transmitted and bave been transmitted during an
indefinite number of generations. We shall presently see how
well the long continued transmission of undeveloped gemmules
explains many facts.

As each unit, or group of similar units throughout the body,
casts off its gemmules, and us all are contained within the
smallest egg or seed, and within each spermatozoon or pollen-
grain, their number and minuteness must be something incon-

¢ Annal. des Sc. Nat.' 8rl scrics,  9th, 1865, pp. 273, 330,

Bot. tom. xiv., 1850, p. 244, % Third Report of the R. Comm. on.

# Sca somo very interesting papers  the Cattle Plague, as quoted in * Gard.
on this subject by Prof. Lionel Beale, Chronicle, 1366, p. 446.
in ‘ Medical Times and Gazette,’ Sept.
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ceivable. T shall hercafter recur to this objection, which at
first appears so formidable; but it may here be remarked that
a cod-fish has been found to produce 6,867,840 eggs, a single
Ascaris abont, 64,000,000 oges, and . singlo Orchiduccous plant
probably as many million sceds™ T theso sevoral cases, the
and poll Bt st larger
numbers. Now, when wo have to deal with numbers such as
these, which the human intellect cannot grasp, there is no
good reason for rejecting our present hypothesis on account of
the assumed existence of cell-gemmules a fow thousand times
more numerous.
e gommules in each orgunism must be thoroughly diftod;
nor does this seem their
the steady circulation of fluids throughout the body. So n
must be with the gemmules of plants, for with certain kinds
even a minute fragment of a leaf will reproduce the whole,
But a difficulty hero occurs; it would appear that with plants,
and probably with compound animals, such as corals, tho gem.
mules do not spread from bud to bud, but only through the
tissues developed from cach separate bud.  Wo aro led to this
conclusion from the stock being rarely affected by the insertion
of a bud or graft from a distinct variety. This non-diffusion of
the gemmules is still more plainly shown in the case of forns;
for Mr. Bridgman® has proved that, when spores (which it
should be remembered are of the nature of buds) are taken from
a monstrous part of a frond, and others from an oldmary part,
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Inted, by weighing, the above number of
Lish  sce* Land and Water,'
1868, p, 62. Inn
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fomd only 3681760 s, For tho
Aetic o uupmm “Comp. P

590. J. Seatt, of the
Zlo)ul umm el Edinburgh,
caloulated, in the same mamnor o
g Sl

ids,

1 344),
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each reproduces the form of the part whence derived. But
this non-diffasion of the gemmules from bud to bud may be
only apparent, depending, as we shall hereafter sce, on the
nature of the first-formed cells in the buds.

The assumed elective affinity of each -gemmaule for that par-
ticular cell which precedes it in the order of development is.
supported by many analogies. In all ordinary cases of sexual
reproduction the male and female elements have a mutual
affinity for each other: thus, it is believed that about ten
thousand species of Compositze exist, and there can be no doubt
that if the pollen of all these specios could be, simultancously
or successively, placed on the stigma of any one species, this one
would elect with unerring certainty its own pollen. This elective
capacity is all the more wonderful, as it must have been ac-
quired since the many specics of this great group of plants
branched off from a common progenitor. On any view of the
nature of sexual reproduction, the protoplasm contained within
the ovules and within the sperm-cells (or the spermatic force”
of the latter, if 50 vague a term be preferred) must act on cach
other by some law of special affinity, cither during or subse-
quently to impregnation, so that corresponding parts alone
affect each other; thus, a calf produced from a short-homed
cow by a long-horned bull has its horns and not its horny hoofs
affected by the union of the two forms, and the offspring from
two birds with differently coloured tails have their tails and not
their whole plumage affected.

The various tissues of the body plainly show, as many phy-
siologists have insisted,” an affinity for special organic sub-
stances, whether natural or foreign to the body. We see this
in the cells of the kidneys attracting urea from the blood; in
the worrara poison affecting the nerves ; upas and digitalis the
museles; the Lytta vesicatoria the kidneys; and in the poisonous
matter of many diseases, as small-po, scarlet-fever, hooping-
cough, glanders, cancer, and hydrophobia, affecting certain
definite parts of the body or certain tissues or glands.

The affinity of various parts of the body for each other during

 Pagot, * Leotures on Pathol
P 27; Virchow, *Cellular Pothol
trauslat, by Dr. Chance, pp. 125, 136,  *Pl;

; Clude Berard, ‘Des Tisus
> pp. 177, 210, 357; Miller's
iology, Eng. translat, p. 290.
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their early development was shown in the last chapter,
when discussing the tendency to fusion in homologous parts.
This affinity displays itself in the normal fusion of organs
which_are separate at an early embryonic age, and still more
plainly in those marvellous cases of double monsters in which
cach bone, muscle, vessel, and merve in the one embryo, blends
with the corresponding part in the other. The affinity between
Tomologous organs may come into action with singlo parts,
or with the entire individual, as in the case of flowers or fruits
which are symmetrically blended together with all their parts
doubled, but without any other trace of fusion.

Tt has also been assumed that the development of each gem-
mule depends on its union with another cell or unit which has
just commenced its development, and which, from preceding it in
order of growth, is of a somewhat different nature. Nor is it o
very improbal ion that the develop of a gemmule
is determined by its union with a cell slightly different in nature,
for abundant evidence was given in the seventeenth chapter,
showing that a slight degree of differentiation in the male and
female sexual elements favours in a marked manner their union
and sub development. But what determines the develop-
ment of the gemmules of the first-formed or primordial cell
in the unimpregnated ovule, is beyond conjecture.

It mustalso be admitted that analogy fails to guide us
towards any determination on several other points: for istance,
whether cells, derived from the samo parent cell, may, in the
regular course of growth, become developed into different struc-
tures, from absorbing peculiar kinds of mutriment, independently
of their union vith distinet gemmules. We shall appreciate this
difficulty if we call to mind, what complex yet symmetrical
growths the cells of plants yield when they are inoculated by
the poison of a gallinsect. With animals various polypoid
excrescences and tumours ure now generally admitted™ to bo
the direct product, through proliferation, of normal cells which
have become abormal. “In the regular growth and repair of
bones, the tissues undergo, as Virchow remarks,® a whole series
of permutations and substitutions, «The cartilage cells may be

7 Virchow, ¢ Celular Pathology;’trans. by Dr. Cliance, 1860, pp. 60, 162, 245,
e * Tdem, pp. $12-426.
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“converted by a direct transformation into marrow-cells, and
“continue as such ; or they may first be converted into osseons
“and then into medullary tissue; or lastly, they may first bo
“converted into marrow and then into bone. So variable are
“the permutations of these tissues, in themselves so nearly
<allied, and yet in their external appearance so completely
“distinet.” But as these tissues thus change their nature at
any- age, without any obvious chango in their mutrition, we
must suppose in accordance with our hypothesis that gemmules
derived from one kind of tissue combine with the cells of another
kind, and cause the successive modifications.

Tt is useless to speculate at what period of development cach
organic unit casts off its gemmules; for the whole subject of the
development of the various elemental tissues is as yet involved
in much doubt. Some physiologists, for instance, maintain that
muscle or nerve-fibres are developed from cells, which are
afterwards nourished by their own proper powers of absorption
whilst other physiologists deny their cellular origin ; and Beale
maintains that such fibres are renovated exclusively by the
conversion of fresh germinal matter (that is the so-called nuclei)
into “formed material.” However this may be, it appears pro-
bable that all external agencies, such as changed nutrition,
increased use or disuse, &c., which induced any permanent modi-
fieation in a structure, would at the same time or previously act
on the cells, nuclei, germinal or formative matter, from which
the structures in question were developed, and  consequently
would act on the gemmules or cast-off atoms.

There is another point on which it is useless to speculate,
namely, whether all gemmules are frec and separate, or whether
some are from the first united into small aggregates. A feather,
for instance, is acomplex structure, and, as each separate part
is liable to inherited variations, I conclude that each feather
certainly generates a large number of gemmules; but it is
possible that these may be aggregated into a compound gem-
mule. The sme remark applies to the petals of a flower,
which in some cases are highly complex, with each ridge and
hollow contrived for special purposes, so that each part must
have been separately modified, and the modifications transmitted;
consequently, separate gemmules, according to our hypothesis,
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must have been thrown off from each cell or part. But, as we
sometimes see half an anther or a small portion of a filament
becoming petaliform, or parts or mere stripes of the calyx
assuming the colour and texture of the corolla, it is probable
that with petals the gemmules of each cell are not aggregated
together into a compound gemmule, but are frecly and separately
diffused.

Having now endeavoured to show that the several foregoing
assumptions are to a certain extent supported by analogous
facts, and having discussed some of the most doubtful points,
we vill consider how far the hypothesis brings under a singlo
point of view the various cases ennumerated in the First Part.
All the forms of reproduction graduate into each other and
agree in their product; for it is impossible to distinguish between
organisms produced from buds, from self-division, or from
fertilised germs; such organisms are liable to variations of the
same nature and to reversion of character; and as we now see
that all the forms of reproduction depend on the aggregation
of gemmules derived from the whole body, we can understand
this general agreement. It is satisfactory to find that sexual
and nsexual generation, by both of which widely different pro-
cesses the same living creature is habitually produced, are
i y the same. Parth is is no longer won-
derful; in fact, the wonder is that it should not oftener oceur.
We see that the reproductive organs do not actually creato
the sexual elements; they merely determine or permit the
aggregation of the gemmules in a special manner. These
organs, fogether with their accessory parts, have, however,
high functions to perform; they give fo both elements a special
aflinity for each other, independently of the contents of the
malo and female colls, 1s is shown in the case of plants by
the mutual reaction of the stigma and pollen

alopo t sometimes possesses attri-
butes which, if observed . an independent animal, would bo put
down to instinet guided by sense-organs, as when tho spormator
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zo0n of an insect finds its way into the minute micropyle of the
egg, or as when the antherozoids of certain alge swim by
the aid of their cilie to the female plant, and forco themselves
into a minute orifice. In these latter cases, however, we must
believe that the male element has acquired its powers, on the
same principlo with the larva of animals, namely by successive

developed at ing periods of life: we
can hardly avoid in these cases looking at the male element
as a sort of premature larva, which unites, or, like one of the
lower alge, conjugates, with the female element. What deter-
mines the ageregation of the gemmules within the soxual
organs we do not in the least knows nor do wo know why buds
are formed in certain definite places, leading to the symmetrical
growth of trees and corals, nor why adventitions buds may e
formed almost anywhere, even on a petal, and frequently upon
healed wounds® ~As soon as the gemmules have aggregated
but in the case
of:buds ia often aftarwards suspended, and in the caso of the
sexual elements soon ceases, unless the clements of the opposite
sexes combine; even after this has occurred, the fertilised germ,
as with seeds buried in the ground, may remain during a
lengthened period in a dormant state.

The antagonism which has long been observed,* though ex-
ceptions aceur, between active growth and the power of sexual
reproduction—between the repair of injuries and gemmation—
and with plants, between rapid increase by buds, rhizomes,
&, and the production of sced, is partly explained by the
gemmules not existing in sufficient numbers for both processes.

® oo o33 Drkeley, i Gard, His! nd i, 1856, p. 157 are
capuble of reproduction. | Ermst Hickel
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# 2. Heret Spsmet ( Pineiles . which producs by bodding & idey

of Biology, vol. ii. p. 430) hus fully
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But this explanation hardly applies to those plants which
naturally produce a wultitude of seeds, but which, through a
comparatively small increase in the number of the buds on
their rhizomes or offsets, yield fow or no seed. As, however,
we shall presently see that buds probably include tissue which
has already been to a certain extent developed or differentiated,
some additional organised matter will thus have been expended.

From one of the forms of Reproduction, namely, spontaneous
seltdivision, e are led by insensible steps to the repair of the
slightest injury ; and the existence of gemmules, derived from
every eell or unit throughont the body and everywhero diffused,
explains all such cases,—even the wonderful fact that, when the
limbs of the salamander were cut off many times successively
by Spallanzani and Bonnet, they were exactly and completely
reproduced. I have heard this process compared with the ro.
erystallisation which occurs when the angles of a broken crystal
aro repaired; and the two processes have this much in common,
that in th one case the polarity of the molecules is the efiicient,
cause, and in the other the affinity of the gemmules for par-
ticular nascent cells,

Pangenesis does not throw much light on Hybridism, but
ngrees well with most of tho ascertained fucts. Weo may con-
clude from the fact of a single spermatozoon o pollen-grain
being insuflcient for imprognation, that o certain number of
gemmales derived from each cell or unit are required for the
development of each part. From the occurrence of parthe-
nogenesis, more especially in tho case of the sillmoth, in
vhich the embryo is often partially formed, wo may also fufor
that the fomale clement includes nearly sufficient” gemmules
of all kinds for independent development, so that when
united with the male element the gemmules must bo super-
abundant.  Now, as & general rule, when two species or races
are crossed reciprocally, the offspring do not differ, and this
shows that both sexual elements agree in power, in accordance
with the view that they include the same gemmules. Hybrids
and mongrels are gonerally intermediato in character between
3 occasionally they closely resemble one
parent in one part and the other Parent in another part, or even
in their whole structure : nor is this diffieult to understand on

20
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the admission that the gemmules in the fertilised germ are
superabundant in number, and that those derived from one
parent have some advantage in number, affinity, or vigour over
those derived from the other parent. Crossed forms sometimes
exhibit the colour or other characters of cither parent in stripes
or blotches; and this may occur in the first generation, or
through reversion in succeeding bud and seminal generations,
as in the several instances given in the eleventh chapter. In
these cases we hust follow Naudin” and admit that the
“essence” or “element” of the two species, which terms T
should translate into the gemmules, have an affinity for their
own kind, and thus separate themselves into distinct stripes or
blotches ; and reasons were given, when discussing in the fif-
teenth chapter the incompatibility of certain characters to unite,
for believing in such mutual affinity. When two forms are
crossed, one is not rarely found to be prepotent in the transmis-
sion of character over the other; and this we can explain only
by again assuming that the one form has some advantage in the
number, vigour, or affinity of its gemmules, except in thoso
cases, where certain characters are present in the one form and
latent in the other. For instance, there is a latent tendency
inall pigeons to become blue, and, when a blue pigeon is crossed
with one of any other colour, the blue tint is generally pre-
potent. When we consider latent characters, the explanation
of this form of prepotency will be obvious.

When one species is crossed with another it is notorious that
they do not yield the full or proper number of offspring; and
wo can only say on this head that, as the development of each
organism depends on such nicely-balanced affinities between a
host of gemmules and developing cells or units, we need not
feel at all surprised that the commixture of gemmules derived
from two distinct species should lead to a partial or complete
failure of development. With respect to the sterility of hybrids
produced from the union of two distinct species, it was shown in
the nineteenth chapter that this depends exclusively on the
reproductive organs being specially affected ; but why these
organs should be thus affected we do not know, any more than

© S s cxsellent ikl on, e bt 1. ounles A:chine au
Muséum,” tom. i
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why unnatural conditions of life, though compatible with health,
should cause sterility; or why continued close interbreeding, or the
illegitimate unions of dimorphic and trimorphic plants, induce
the same result. The conclusion that the reproductive organs
alone are affocted, and not the whole organisation, agrees per-
fectly with the unimpaired or even increased capacity in hybrid
plants for propagation by buds; for this implies, according
to our hypothesis, that the cells of the hybrids throw off
hybridised cell-gemmules, which become aggregated into buds,
but fail to become aggregated within the reproductive organs,
50 45 to form the sexual elements. In o similar manner many
plants, when placed under unnatural conditions, fail to produce
sced, but can readily be propagated by buds. We shall
presently seo that pangenesis agrees well with the strong ten-
dency to reversion exhibited by all rossed animals and plants,

As by our hypothesis budding o fission differs from seminal
generation ouly in the manner in which the gemmules are first
aggregated, wo can understand the possibility of the formation of
graft-hybrids; and these graft-hybrids, which combine the
characters of the two forms of which the tissues have become
united, connect in the closest and most interesting manner gem-
mation and sexual reproduction,

Abundant evidence has been advanced proving that, pollen
taken from one species or varicty and applied to the stigma of
another sometimes directly affects the tissues of the mother-
plant. Tt is probablo that this occurs with many plants during
fertilisation, but can only be detected when distinct forms are
crossed. On any ordinary theory of reproduction this is & most
snomalous ciroumstance, for the pollen-grains aro manifestly
adapted to act on the ovuls, but in these cases they act on the
colour, texture, and form of the coats of the seeds, on the
ovarium iteclf, which is o modified leaf, and even on the calyx
and upper pazt of the flower-peduncle. In accordance with the
Liypothesis of pangenesis pollen includes gemmules, derived from
cvery patt of the organisation, which diffuse themselves and
multiply by selfdivision : hence it is not surprising that gom-
mules within the pollen, which are derived from the parts near the
reproductive organs, should sometimes be able to affect the same
parts, whilst still undergoing development, in the mother plant.

202
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As, during all the stages of development, the tissues of plants
consist of cells, and as new cells are not known to be formed
between, or independently of, pre-existing cells, we must con-
clude that the gemmules derived from the foreign pollen do not
become developed merely in contact with pre-existing cells, but
actually penetrate the nascent cells of the mother-plant. This
process may be compared with the ordinary act of fertilisation,
during which the contents of the pollen-tubes penetrate the
closed embryonic sack within the ovule, and determine the de-
velopment of the embryo. According to this view, the cells of
the mother-plant may almost literally be said to be fertilised by
the gemmales derived from the foreign pollen.  With all organ-
isms, as wo shall presently see, the cells or organic units of
the embryo during the successive stages of development may in
like manner be said to be fertilised by the gemmules of the
cells, which come next in the order of formation.

Animals, when capable of sexual reproduction, are fully
developed, and it is scarcely possible that the male eloment
should affect the tissues of the mother in the same direct manner
as with plants; nevertheless it is certain that her ovaria are
sometimes affected by a previous impregnation, so that the
ovules subsequently fertilised by a distinct male are plainly
influenced in character; and this, as in the case of foreign
pollen, is intelligible through the diffusion, retention, and action
of the gemmules included within the spermatozoa of the pre-
vious male.

Fach organism reaches maturity through a longer or shorter
course of development. The changes may be small and insen-
sibly slow, as when a child grows into a man, or many, abrapt,
and slight, as in the metamorphoses of certain ephemerous insects,
or again few and strongly marked, as with most other insects.
Each part may be moulded within a previously existing and
corresponding part, and in this case it will appear, falsely as T
believe, to be formed from the old part ; or it may be developed
within a wholly distinct part of the body, as in the extreme
cases of metagenesis. An eye, for instance, may be developed
at a spot where no eye previously existed. We have also seen
that allied organic beings in the course of their metamorphoses
sometimes attain nearly the same structure after passing
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through widely different forms; or conversely, after passing
through nearly the same early forms, arrive at a widely
different termination. Inthese cases it is very difficult to believe
that the carly cells or units possess the inherent power, inde-
pendently of any external agent, of producing new structures
wholly different in form, position, and function. But these cases
become plain on the hypothesis of pangenesis. Tho orginic
units, during each stage of development, throw off gemmules,
which, multiplying, are transmitted to the offspring. In the
offspring, as soon as any particular cell or wnit in the proper
order of development becomes partially developed, it unites with
(or to speak metaphorically s fertilised by) the gemmule of the
next succeeding cell,and so onwards. Now, supposing that at any
stage of development, certain cells or aggregates of cells had been
slightly modified by the action of some disturbing cause, the cast-
off gemmules or atoms of the cell-contents could hardly fail to
be similarly affected, and consequently would reproduce the samo
modification. This process might be repeated until the struc-
ture of the part at this particular stage of dovelopment became
greatly changed, but this would not necessarily affect other
parts whether previously or subsequently developed. Tn this
manner we can understand the remarkable independence of
structure in the successive metamorphoses, and especially in the
successive metageneses of many animals.

The term growth ought strictly to be confined to mere
increase of size, and development to change of structure.* Now,
a child is said to grow into a man, and a foal into a horse, but,
as in these cases there is much change of structure, the process
properly belongs to the order of development. We have indirect
evidence of this in many variations and diseases supervening
during socalled growth ‘at a particular period, and being in-
herited at a corresponding period. In the case, however, of
diseases which supervene during old age, subsequently to the
ordinary period of procreation, and which nevertheless are some-
times inherited, as occurs with brain and heart complaints, we

“ Yarious physiologi insisted  instance in idiots, in
on this distinction between growth and  which the brain continues fo. grow
Jevclopment, Prof. Marshall (Phil.  after having boen arrested in jts deve-
Uransact,’ 1864, p. 544) gives u good  lopment,
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must suppose that the organs were in fact affected at an earlier
age and threw off at this period affected gemmules; but that
the affection became visible or injurious only after the prolonged
growth of the part in the strict sense of the word. In all the
changes of structure which regularly supervene during old age,
we see the effects of deteriorated growth, and not of true
development.

In the so-called process of alternate generation many indi-
viduals are generated asexually during very early or later stages
of development. These individuals may closely resemble the
preceding larval form, but generally are wonderfully dissi-
milar. To understand this process we must suppose that at
a certain stago of development the gemmaules are multiplied
at an unusual rate, and become aggregated by mutual affinity
at many centres of attraction, or buds. These buds, it may be
remarked, must include gemmules not only of all the succeeding
but likewise of all the preceding stages of development; for
when mature they have the power of transmitting by sexual
generation gemmules of all the stages, however numerous these
may be. It was shown in the First Part, at least in regard to
animals, that the new beings which are thus at any period
asexually generated do not retrograde in development—that
is, they do not pass through those earlier stages, through which
the fertilised germ of the same animal has to pass; and an
explanation of this fact was attempted as far as the final or
teleological cause is concerned. We can likewise understand
the proximate cause, if we assume, and tho assumption is far
from improbable, that buds, like chopped-up fragments of &
hydra, are formed of tissue which has already passed through
several of the earlier stages of development; for in this case
their component cells or units would not unite with the gem-
mules derived from the earlier-formed cells, but only with those
which came next in the order of development. On the other
hand, we must believe that, in the sexual elements, or probably
in the female alone, gemmules of certain primordial cells are
present; and these, as soon as their development commences,
unite in due succession with the gemmules of every part of
the body, from the first to the last period of life.

The principle of the independent formation of each part, in
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so far as its development depends on the union of the proper
gemmules with certain nascent cells, together with the super-
abundanee of the gemmules derived from both parents and self-
multiplied, throws light on a widely different group of facts,
which on any ordinary view of development appears very strange.
T allude to organs which are abnormally multiplied or transposed.
Thus gold-fish often have supernumerary fins placed on various
parts of their bodies. We have seen that, when the tail of a
lizard is broken off, a double tail is sometimes reproduced, and
when the foot of the salamander is divided longitudinally, ad-
ditional digits are occasionally formed. When frogs, toads, &c.,
are born with their limbs doubled, as sometimes occurs, the
doubling, as Gervais remarks* cannot be due to the com-
plete fusion of two embryos, with the exception of the limbs,
for the larve are limbless. The same argument is applicable
to certain insects produced with multiplo legs or antenn, for
these are from apodal or larvie.
Alphonse Milne-Edwards* has described the curious case of
a crustacean in which one eye-peduncle supported, instead of a
complete eye, only an imperfect cornea, out of the centre of
which a portion of an antenna was developed. A case has been
recorded ™ of & man who had during both dentitions a double
tooth in place of the left second incisor, and he inherited
this peculiarity from his paternal grandfuther. Several cases
aro known® of additional teeth having been developed in
the palate, more especially with horses, and in the orbit of the
eye. Certain breeds of sheep bear a whole crowd of horns
on their foreheads. Hairs occasionally appear in strange
situations, as within the ears of the Siamese hairy family ;
and hairs “quite natural in structure” have been observed
““within the substance of the brain.’# As many as five spurs
have been seen on both legs in cortain Game-fowls. In the
Polish fowl the malo is ormamented with a topknot of hackles

* * Compte Rendu! Nov. 14,1864,p. 4 Sedgwick, in * Medico-Chirurg,
$00. 2 ‘April 1563, p. 434
© As proviowsly remarked . Geoffroy St. Hiluire, ¢ Hist,

view,
by 4 Isa
Quatrefuges, in bis ‘ Metamorphoses  des Anomalics,” , 1852, pp. 455,

do PHomme, ., 1862, . 129, 657 and tom. i. p. 560.
“ Ginther's *Zaol Record) 4 Virchow, *Cellular Patbology,”
1864, 1860, p. 6.
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like those on his neck, whilst the female has one of common
feathers. 1In feather-footed pigeons and fowls, feathers like
those on the wing arise from the outer side of the legs and
toes. Even the elemental parts of the same feather may be
transposed ; for in the Scbastopol goose, barbules are developed
on the divided filaments of the shaft.

Analogous cases are of such frequent occurrence with plants
that they do ot strike us with sufficient surprise. Super-
numerary petals, stamens, and pistils, are often produced. T
have scen a leaflet low down in the compound leaf of Vieia
sativa converted into a tendril, and a tendril possesses many
peeuliar properties, such as spontaneous movement and irrita-
bility. The calyx sometimes assumes, either wholly or by
stripes, the colour and texture of the corolla. Stamens are so fre-
quently converted, more or less completely, into petals, that such
cases are passed over as not deserving notice ; but as petals have
special fanctions to perform, namely, to protect the included
organs, to_ attract insects, and in not a few cases to guide their
entrance by well-adapted contrivances, we can hardly account
for the conversion of stamens into petals merely by unnatural
or superfluous nourishment.  Again, the edge of a petal may
occasionally be found including one of the highest products of
the plant, namely the pollen; for instance, I have seen in an
Ophrys a pollen-mass with its curious structure of little packets,
united together and to the caudicle by elastic threads, formed
between the edges of an upper petal. The segments of the
calyx of the common pea have been observed partially converted
into carpels, including ovules, and with their tips converted into
stigmas. Numerous analogous facts could be given®

I do not Jmow how physiologists look at such facts as the
foregoing. ~ According to ‘the doctrine of pangenesis, the free
and superabundant gemmules of the transposed organs are
developed in the wrong place, from uniting with wrong cells
or aggregates of cells during their nascent state ; and this would
follow from a slight modification in the elective affinity of such
cells, or possibly of certain gemmules. Nor ought we to feel
much surprise at the affinities of cells and gemmules varying

# Moquin-Tandon, * Tératologio Vg, 1841, pp. 215, 220, 833, For the caso
of tlie pea, sce * Gardener's Chron.," 1866, p. 897,
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under domestication, when we remember the many curious
cases given, in the seventeenth chapter, of cultivated plants
which absolutely refuse to be fertilised by their own pollen
or by that of the same species, but are abundantly fertile
with pollen of a distinct species ; for this implies that their
sexual elective affinities—and this is the term used by Gértner
—have been modified.  As the cells of adjoining or homologous
parts will have nearly the same nature, they will be liable to
acquire by variation each other’s elective affinities; and we can
thus to a certain extent understand such cases as a crowd of
horns on the heads in certain sheep, of several spurs on the leg,
and of hackles on the head of the fowl, and with the pigeon the
oceurrence of wing-feathers on their legs and of membrane
between their toes; for the leg is the homologue of the wing.
As all the organs of plants are homologous and spring from a
common axis, it is natural that they should be eminently liable to
position. It ought to be observed that when any compound
part, such as an additional limb or an antenna, springs from a
false position, it is only necessary that the few first gemmules
should be wrongly attached ; for these whilst developing would
attract others in due succession, as in the regrowth of an
amputated limb. When parts which are homologous and
. similar in structure, as the vertebr in snakes or the stamens
in polyandrous flowers, &c., are repeated many times in the
same organism, closely allied gemmules must b extremely
numerous, as well as the points to which they ought to become
united ; and, in accordance with the foregoing views, we can
to a certain extent understand Isid. Geoffroy St. Hilaire’s law,
namely, that parts, which are already multiple, are extremely
liable to vary in number.

The same general principles apply to the fusion of homo-
logous parts; and with respect to mere cohesion there is pro-
bably always some degree of fusion, at least near the surface,
When two embryos during their early development come into
close contact, s both includ ing g les, which must
be in all respects almost identical in nature, it is not surprising
that some derived from one. embryo and some from the other
should unite at the point of contact with a single nascent cell or
aggregate of cells, and thus give rise to a single part or organ.
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For instance, two embryos might thus come to have on their
adjoining sides a single symmetrical arm, which in one senso
will have been formed by the fusion of the bones, muscles, de,,
belonging to the arms of both embryos. TIn the case of the fish
described by Lereboullet, in which a double head was seen
gradually to fuse into a single one, the ssme process must haye
taken place, together with the absorption of all the parts which
had been already formed. These cases are exactly the reverse
of those in which a part is doubled cither spontancously or after
an injury ; for in the case of doubling, the superabundant, gem-
mules of the same part are separately developed in wnion with
adjoining points; whilst in the case of fusion the gemmules
derived from two homologous parts become mingled and form
single part; or it may be that the gemmules from one of two
adjoining embryos alone become developed.

Variability often depends, as I have attempted to show,
on the reproductive organs being injuriously affocted by
changed conditions; and in this case the gemmules derived
from the various parts of the body are probably aggregated in
an irregular manner, some superfluous and others deficient.
Whether a superabundance of gemmules, together with fusion
during development, would lead to the increased size of any
part cannot be told ; but we can see that their partial deficiency,
without necessarily leading to the entire abortion of the part,
might cause considerable modifications ; for in the same manner
as a plant, if its own pollen be excluded, is easily hybridised, so,
in the case of a cell, if the properly succeeding gommules were
absent, it would probably combine easily with other and allied
gommules.  We see this in the case of imperfect nails growing
on the stumps of amputated fingers® for the gemmules of the
nails have manifestly been developed at the nearest point.

In variations cansed by the direct action of changed conditions,
whether of a definite or indefinite nature, as with the fleeces of
sheep in hot countries, with maize grown in cold countries, with
inherited gout, &e., the tissués of the body, according to the
doctrine of pangenesis, are directly affected by the new con-
ditions, and consequently throw off modified gemmules, which

§ Miller's ¢ Physiology,” Kng. translat., vol. . p. 407,
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are transmitted with their newly acquired peculiarities to the
offspring. On any ordinary view it is unintelligible how changed
conditions, whether acting on the embryo, the young or adult
animal, can cause inherited modifications. It is equally or even
‘more unintelligible on any ordinary view, how the effects of the
long-continued use or disuse of any part, or of changed habits
of body or mind, can be inherited. A more perplexing problem
can hardly be proposed; but on our view we have only to sup-
pose that certain cells become at last not only functionally but
structurally modified ; and that these throw off similarly modified
gemmules. This may oceur at any period of development, and
the modification will be inherited at a corresponding period ; for
the modified gemmules will unite in all ordinary cases with the
proper preceding cells, and they will consequently be developed
at the same period at which the modification first arose. With
respect to mental habits or instinets, we are so profoundly igno-
rant on the relation between the brain and the power of thought
that we do not know whether an inveterate habit or trick induces
any change in the nervous system; but when any habit or other
mental attribute, or insanity, is inherited, we must believe that
some actual modification is transmitted ;* and this implies, ac-
cording to our hypothesis, that gemmules derived from modified
nerve-cells aro transmitted to the offspring.

It is generally, perhaps always, necessary that an organism.
should be exposed during soveral generations to changed con-
ditions or habits, in order that any modification in the struc-
ture of the offspring should ensue. This may be partly due
to the changes not being at first marked enough to catch the
attention, but this explanation is insufficient ; and I can account
for the fact, only by the assumption, which we shall see under
the head of reversion is strougly supported, that gemmules
derived from each cell before it had undergone the least modifi-
cation are transmitted in large numbers to successive genera-
tions, but that the gemmules derived from the same cells after
modification, naturally go on increasing under the same favour-
ing conditions, until at last they become sufficiently numerous
to overpower and supplant the old gemmules,

£ Seo some remarks to {bis effoet by Sir H. Holland in his *Modical Notos,
1899, p. 82,
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Another difficulty may be here noticed ; we have seen that
there is an important difference in the frequency, though not
in the nature, of the variations in plants propagated by sexual
and asexual generation. As far as variability depends on the
imperfect action of the reproductive organs under changed con.
ditions, we can at once see why seedlings should be far more
variable than plants propagated by buds. We know that
extremely slight causes,—for instance, whether a tree has been
grafted or grows on its own stock, the position of the seeds
within the capsule, and of the flowers on the spike,—sometimes
suffice to determine the variation of a plant, when raised from
seed. Now, it is probable, as explained when discussing alter-
nate generation, that a bud is formed of a portion of already
differentiated tissue; consequently an organism thus formel
does not pass through the earlier phases of development, and
camnot be so freely exposed, at the age when its structare
would be most readily modified, to the various causes inducing
vaviability ; but it is very doubtful whether this is a sufficient
explanation of the difficulty.

With respect to the tendency to reversion, there is a similar
difference between plants propagated from buds and seed,
Many varieties, whether originally produced from seed or buds,
can be seeurely propagated by buds, but generally or invariably
revert by seed. So, also, hybridised plants can be multiplied to
any extent by buds, but are continually liable to reversion by
seed,—that is, to the loss of their hiybrid or intermediate cha-
racter. I can offer no satisfactory explanation of this fact. Here
is a still more perplexing case: certain plants with variegated
leaves, phloxes with striped flowers, barberries with seedless fruity
can all be securely propagated by the buds on cuttings; but the
buds developed from the roots of these cuttings almost invariably
Jose their character and revert to their former condition.

Tinally, we can see on the hypothesis of pangenesis that
variability depends on at least two distinct groups of causes.
Tirstly, on the deficiency, superabundance, fusion, and trans-
position of gemmules, and on the redevelopment of those
which have long been dormant. Tu theso cases the gemmules
themselves have undergone no modification ; but the mutations
in the above respects will amply account for much fluctuating
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variability. Secondly, in tho easos in which the organisation
has been modified by changed conditions, the increased use o
disuse of parts, or any other cause, the gemmaules cast off from
the modified units of the body will bo themselves modified, and,
when sufficiently multiplied,” will be developed into new and
changed structures.

Turning now to Inheritance; if we suppose a homogencous
gelatinous protozoon to vary and assume a reddish colour, o
minute separated atom would naturally, as it grew to full sive,
retain the same colour; and we should have the simplest form
of inheritance® Precisely the same view may be extended to
the infinitely numerous and diversified units of which the whole
body in one of the higher animals is composed; and the
separated atoms aro our gemmulos. We bave already suffi-
ciently discussed the inheritance of the direct effects of changed
conditions, and of increased uso or disuse of parts, and, by im-
Plication, the important principle of inheritance at correspondiny
ages. Theso groups of facts are to a large extent intelligible
on the hypothesis of pangenesis, and on no other hypothesis as
yet advanced.

A few words must be added on the complete abortion or sup-
pression of orguns, When a part becomes diminished by
disuso prolonged during many generations, the principle of
economy of growth, as previously explained, will tend to reduce
it still further; but this will not account for the complete or
almost complete obliteration of, for instance, a minute papilla
of cellular tissue representing a pistil, or of a microscopically
minute nodule of bone representing a tooth. In certain cases
of suppression not yet comploted, in which a rudiment occa-
sionally reappears through reversion, diffused gemmules derived
from this part must, according to our view, still exist; hence we
must suppose that the cells, in union with which the rudiment
was formerly developed, in. theso cases fail in their affnity for
such gemmules. But in the cases of complete and final abortion
the gemmules themselves no douht have perished ; nor is this

£ This is tho viow faken by Prof,  contitirton Materio
Hickel, in bis ‘Generelle Morphologio®

clterlichen und
it kindlichen Organismus, die Thei-
liglich lung dicser Materic bei der Fortpflan-
niitit der spocifisch-  zung, ist die Ursashe der Erblichkeit™

®. 171), who sn
die partielle Ider
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in any way improbable, for, though a vast number of active and
long-dormant gemmules are diffused and nourished in each living
creature, yet, there must bo some limit to their number; and i
appears natural that gemmules derived from an enfoebled and use-
Tess rudiment would be more liable to perish than those derived
from other parts which are still in fall fnctional activity.

‘With respect to mutilations, it is certain that a part may
bo removed or injured during many generations, and mo in-
herited result follow ; and this is an apparent objection to the
hypothesis which will ocour to every one. But, in the first
place, a being can hardly be intentionally mutilated during its
early stages of growth whilst in the womb or egz; and such
mautilations, when naturally caused, would appear like con-
genital deficiencies, which are occasionally inberited. In the
second place, according to our hypothesis, gemmules multiply
by self-division and are transmitted from generation to gene-
ration ; so that during a long period they would be present and
ready to reproduce a part which was repeatedly amputated.
Nevertheless it appears, from the facts given in the twelfth
chapter, that in some rare cases mutilations have been inhe-
rited, but in most of these the mutilated surface became diseased.
In this case it may be conjectured that the gemmales of the lost
part were gradually all attracted by the partially diseased surface,
and thus perished. Although this would occur in the injured
individual alone, and therefore in only one parent, yot this might
suffice for the inheritance of a mutilation, on the same principle
that a hornless animal of either sex, when crossed with a perfect
amimal of the opposite sex, often transmits its deficiency.

The last subject that need here be discussed, namely Rever-
sion, rests on the principle that transmission and development,
though generally acting in conjunction, are distinct powers; and
the transmission of gemmules and their subsequent development
show us how the existence of these two distinct powers is
possible.  We plainly see this distinction in the many cases it
which a grandfather transmits to his grandson, through his
daughter, characters which she does not, or cannof, posses
Why the development of certain characters, not necessarily in
any way connected with the reproductive organs, should be cor-
fined to one sex alone—that is, why certain cells in one e
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should wnite with and cause tho development of certain gom-
mules—we do not in the least know; but it is the common
attribute of most organio beings in which tho sexes are separate,

The distinction between transmission and development is
likewise seen in all ordinary cases of Reversion; but before
discussing this subject it may be advisable to say a fow words
on those characters which I have called latent, and which
would not be classed under Reversion in its usual sense.  Most,
or perhaps all, the secondary characters, which appertain to
one sex, lie dormant in the other sex; that is, gemmules
capable of development into the secondary male sexual characters
are included within the female; and conversely female cha-
racters in the male. Why in the female, when her ovaria
become diseased or fail to act, certain masculine gemmules
become developed, wo do not clearly know, any more than why
when a young bull is castrated Lis horns continue growing
until they almost resemble hose of a cow; or why, when  stag
is castrated, the gemmules derived from the antlers of his pro-
genitors quite fail to be developed. But in many cases, with
variable organic beings, the mutual affinities of the cells and
gemmules becomo modified, o that parts are transposed -or
multiplied ; and it would appear that o slight change in the
constitution of an animal, in connection with the state of
the reproductive organs, leads to changed affinities in the
tissues of various parts of the body. Thus, when male animals
first arrive at puberty, and subsequently during each recur-
Tent season, certain cells or parts acquire an affinity for cer-
fain gemmules, which beeome developed into the secondary
maseuline characters; but if the reproductive organs bo de-
stroyed, or even temporarily disturbed by changed conditions,
these affinities are not excited, Nevertheless, the male, before
ho arrives at puberty, and during the season when the spacies
does ot breed, must includo the propor gemmules in a latent
state. The curions case formerly given of o Hen which assumed
the maseuline characters, not of her own breed but of a remoto
progenitor, illustrates tho conneetion between latent sexual cha-
racters and ordinary reversion. With those animals and plants
which habitually produce several forms, as with certain butter-
flies described by Mr. Wallace, in which three female forms and
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the male exist, or as with the trimorphic species of Lythrum
and Oxalis, gemmules capable of reproducing several widely.
different forms must be latent in each individual.

The same principle of the latency of certain characters, com.
bined with the transposition of organs, may be applied to thoss
singular cases of butterflies and other insects, in which exactly
one half or one quarter of the body resembles the male, and the
other half or three quarters the female ; and when this oceurs
the opposite sides of the body, separated from each other by a
distinet line, sometimes differ in the most conspicuous manner,
Again, these same principles apply to the cases given in the th
teenth chapter, in which the right and left sides of the ody diff
to an extraordinary degree, as in the spiral winding of certain
shells, and as in the genus Verruca among cirripedes; for in
these cases it is known that either side indifferently may undergo
the same remarkable change of development.

Reversion, in the ordinary sense of the word, comes into action
50 incessantly, that it evidently forms an essential part of the
general law of inheritance. It occurs with beings, however
propagated, whether by buds or seminal generation, and some-
times may even be observed in the same individual as it advances
in age. The tendency to reversion is often induced by a chango
of conditions, and in the plainest manner by the act of crossing.
Crossed forms are generally at first nearly intermediate in c
racter between their two parents; but in the next generation
the offspring generally revert to one or both of their grand-
parents, and occasionally to more remote ancestors. How can
we account for these facts? Each organic unit in a hybrid must
throw off, according to the doctrine of pangenesis, an abundance
of hybridised gemmules, for crossed plants can be readily and
largely propagated by buds; but by the same hypothesis there
will likewise be present dormant gemmules derived from both
pure parent-forms ; and as these latter retain their normal con-
dition, they would, it is probable, be enabled to multiply largely
during the lifetime of each hybrid. Consequently the sexual
elements of a hybrid will include both pure and hybridised
gemmules; and when two hybrids pair, the combination of pure
gemmules derived from the one hybrid with the pure gem-
mules of the same parts derived from the other would neces-
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sarily lead to complete reversion of character; and it is, perhaps,
not t00 bold a supposition that unmodified and undeteriorated
gemmules of the same nature would be especially apt to com-
bine. Pure gemmules in combination with hybridised gemmules
would lead to partial reversion. And lastly, hybridised gem-
males derived from both parent-hybrids would simply reproduce
the original hybrid form* All these cases and degrees of
Teversion incessantly oceur,

It was shown in the fifteenth chapter that certain characters
are antagonistic to each other or do not readily blend together;
hence, when two animals with. antagonistic characters are crossed,
it might well happen that a sufficiency of gemmules in the male
alone for the reproduction of his peculiar characters, and in the
female alone for the reproduction of her peculiar characters,
would not be present ; and in this case dormant, gemmules derived
from some remote progenitor might easily gain the ascendency,
and causo the reappearance of long-lost characters. For instance, -
when black and white pigeons, or black and white fowls, are
crossed—eolours which do not readily blend,—blue plumage in
the one case, evidently derived from the rock-pigeon, and red
plumage in the other case, derived from the wild jungle-cock,
occasionally reappear. - With uncrossed breeds the same result
would follow, under conditions which favoured the multiplica-
tion and development of certain dormant gemmules, as when
animals become feral and revert to their pristine character. A
certain number of gemmules being requisite for the development
of each character, as is known to be the caso from several sper-
matozoa or pollen-grains being necessary for fertilisation, and
timo favouring their multiplication, will together account for the
curious cases, insisted on by Mr. Sedgwick, of cortain discases
regularly appearing in alfernate generations. This likewise
holds good, more or less strictly, with other weakly inherited mo-
difications. Hence, as I have heard it remarked, certain diseases
appear actually to gain strength by the intermission of genera-
tion. Tho transmission of dormant gemmules during many
successive generations is bardly in itself more improbable, as

“ In these remarks I, in fuet, follow d. See his excellent memoir in
Nandin, who speaks of the lamenia or i +Nouvellos Ambgont e Muséum,’
essencs of tho two species which are tom,  p. 151
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proviously remarked, than the retention during many ages of
rudimentary organs, or even only of a tendency to the production
of a rudiment; but there is no reason to suppose that all dormant
gemmules would be transmitted and propagated for ever. Ey.
cessively minute and numerous as they are believed to be, an
infinite number derived, during a long course of modification
and descent, from each cell of each progenitor, could not be
supported or nourished by the organism. On the other hand,
it does mot seem improbable that certain gemmules, under
favourable conditions, should be retained and go on multiplying
for a longer period than others. Finally, on the views her
given, we certainly gain some clear insight into tho wonderful
fact that the child may depart from the type of both its parents,
and resemblo its grandparents, or ancestors removed by many
generations,
Conelusion.

The hypothesis of Pangenesis, as applied to the several great
classes of facts just discussed, no doubt is extremely complex ;
but so assuredly are the facts. The assumptions, however, o
which the hypothesis rests cannot be considered as complex in
any extreme degree—namely, that all organic units, besides
having the power, as is gencrally admitted, of growing by self-
division, throw off free and minute atoms of their contents, that
is gemmules. Theso multiply and aggregate themselves into
buds and the sexual elements; their development depends on
their union with other nascent cells or units; and they are capable
of transmission in a dormant state to snccessive generations. *

In a highly organised and complex animal, the gemmules
thrown off from each different cell or unit throughout the body
must be inconceivably numerous and minute. Fach unit of each
part, as it changes during development, and we know that some
insects undergo at least twenty metamorphoses, must throw off
its gemmules. All organic beings, moreover, include many
dormant, gemmules derived from their grandparents and more
remote progenitors, but not from all their progenitors. These
almost infinitely numerous and minute gemmules must bo
included in each bud, ovule, spermatozoon, and pollen-grain.
Such an admission will be declared impossible; but, as previously
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remarked, number and size are only relative diffieultics, and
the eggs or seeds produced by certain animals or plants are so
numerous that they eannot be grasped by the intellect,
: The organic particles with which the wind is tainted over
: miles of space by certain offensive animals must be infinitely
; minute and numerous; yet they strongly affect the olfactory
nerves. An analogy more appropriate is afforded by the con-
tagious particles of certain diseases, which are so minute that
they float in the atmosphere and adhere to smooth paper; yet
we know how largely they increase within the human body, and
how powerfully they act. Independent organisms exist which
are barely visible under the highest powers of our recently-
improved mieroscopes, and which probably are fally.as large
as the cells or units in one of the higher animals; yet these
organisms no doubt reproduce themselves by germs of extremo
minateness, relatively to their own minute size. Hence the diffi-
culty, which at first appears insurmonntable, of believing in
the existence of gemmules so numerous and so small as they
must be according o our hypothesis, has really little weight.
The cells or units of the body are generally admitted by phy-
siologists to be autonomous, like the buds on a tree, but in a
: less degree. T go one step further and nssume that they throw off
reproductive gemmaules. Thus an animal does not, as a whole,
generate its kind through the sole agency of the reproductive
system, but each separate cell generates its kind. It has
often been said by naturalists that each cell of a plant has the
actual or potential capacity of reproducing the whole plant; but
it has this power only in virtue of containing gemmules derived
from every part. If our hypothesis be provisionally accepted, we
must look at all the forms of asexual reproduction, whether oc-
curring at maturity or us in the case of alternate generation
during youth, as fundamentally the same, and dependent on the
mutual aggregation and multiplication of the gemmules. The
( regrowth of an amputated limb or the healing of a wound is the
same process partially carried out. Sexual generation differs in,
some important respects, chiefly, as it would appear, in an insuf-
ficient number of gommules being aggregated within the separato
sexual elements, and probably in the presence of certain primor-
dial cells. The development of each being, including all the
22
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forms of metamorphosis and metagenesis, as well as the so-
ealled growth of the higher animals, in which structure changes
though not in a striling manner, depends on the presence of

- gemmules thrown off at each period of life, and on their develop-
ment, at a corresponding period, in union with preceding cells,
Such cells may be said to be fertilised by the gemmules which
come next in the order of development. Thus the ordinary act
of impregnation and the development of each being are closely
analogous processes. The child, strictly speaking, does not grow
into the man, but includes germs which slowly and successively
become developed and form the man. In the child, as well as
in the adult, each part generates the same part for the next
generation. Inheritance must be looked at as merely a form
of growth, like the self-division of a lowly-organised unicellular
plant. Reversion depends on the transmission from the fore-
father to his descendants of dormant gemmules, which occa-
sionally become developed under certain known or unknown
conditions. Each animal and plant may be compared to a bed
of mould full of seeds, most of which soon germinate, some lie
for a period dormant, whilst others perish. When we hear it
said that a man carries in his constitution the seeds of an in-
herited disease, there is much literal truth in the expression.
Finally, the power of propagation possessed by each separate
cell, using the term in its largest sense, dotermines the repro-
duction, the variability, the development and renovation of ach
living organism. No other attempt, as far as I am aware, has
been made, imperfect as this confessedly is, to connect under
one point of view these several grand classes of facts. We
cannot fathom the marvellous complexity of an organic being;
but on the hypothesis here advanced this complexity is much
increased. Each living creature must be looked at as a mi-
crocosm—a little universe, formed of a host of self-propagating
organisms, inconceivably minute and as numerous as the stars in
heaven.
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CHAPTER XXVIIL

CONCLUDING REMARKS.

DOMESTICATION — NATURE AND CAUSES 0P VARIABILITY — SELECTION — DIVER-

THE QUESTION WHETHER FACK. PARTICULAR VARIATION A8 BEEN SPECIALLY PRE-
ORDAINED,

As summaries have been added to nearly all the chapters, and
as, in the chapter on pangenesis, various subjects, such as the
forms of reproduction, inheritance, reversion, the causes and
laws of variability, &c., have been recently discussed, I will
here only make a few general remarks on the more important
conclusions which may be deduced from the multifarious details
given throughout this work.

Savages in all parts of the world easily succeed in taming
wild animals; and those inhabiting any country or island, when
first invaded by man, would probably have been still more
easily tamed. Complete subjugation generally depends on an
animal being social in its habits, and on receiving man as the
chief of the herd or family. Domestication implies almost
complete fertility under new and changed conditions of life, and
this is far from being invariably the case. An animal would not
have been worth the labour of domestication, at least during early
times, unless of service to man. From these circumstances the
number of domesticated animals has never been large. With
respact to plants, I have shown in the ninth chapter how their
varied uses were probably first discovered, and the early steps in
their cultivation. Man could not have known, when he first
domesticated an animal or plant, whether it would flourish and
multiply when transported to other countrics, therefore he could
not have been thus influenced in his choice. We see that the
close adaptation of the reindeer and camel to extremely cold and
hot countries has not prevented their domestication. ~ Still less
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could man have foreseen whether his animals and plants would
vary in suceeeding generations and thus give birth fo new races;
and the small capacity of variability in the goose and ass has not
prevented their domestication from the remotest epoch. S

With extremely few exceptions, all animals and plants which
have been long domesticated, have varied greatly. Tt matters
not under what climate, or for what purpose, they are kept,
whether as food for man or beast, for draught or hunting, for
clothing or mere pleasure,—under all these circnmstances do-
mestioated animals and plants have varied to a much greater
extent than the forms which in a state of nature are ranked as
one species.  Why certain animals and plants have varied
more under domestication than others we do not know, any
more than why some are rendered more sterile than others
under changed conditions of life. But we frequently judge of
the amount of variation by the production of numerous and
diversified races, and we can clearly see why in many cases this
has not occurred, namely, because slight successive variations
have not been steadily accumulated; and such variations will
never be accumulated when an animal or plant is not closely
observed, or much valued, or kept in large numbers.

The fluctuating, and, as far as we can judge, never-ending
variability of our domesticated productions,—the plasticity of
their whole organisation,—is one of the most important facts
which we learn from the numerous details given in the earlier
chapters of this work. Yet domesticated animals and plants can
hardly have been exposed to greater changes in their conditions
than have many natural species during the incessant geological,
geographical, and climatal changes of the whole world, The
former will, however, commonly have been exposed to more
sudden changes and to less continuously uniform conditions.
As man has domesticated so xiany animals and plants belovging
to widely different classes, and as he certainly did not with pro-
Phetic instinet choose those species which would vary most, we
may infer that all natural species, if subjected to analogous
conditions, would, on an average, vary to the same degree.
Fow men at the present day will maintain that animals and
plants were created with a tendency to vary, which long
remained dormant, in order that fanciers in after ages might
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vear, for instance, curious breeds of the fol, pigeon, or canary-
bird.
From several causes it is difficult to judge of the amount
of modification which our domestic productions have under-
gone. In some cases the primitive parent-stock has become
extinet, or cannot be recognised with certainty owing to. its
supposed descendants having been so much modified, Tn
other cases two or more closely allied forms, after being do-
mesticated, have crossed; and then it is difficult to estimate
how much of the change ought to be attributed to variation.
But the degree to which our domestic breeds have been modified
by the crossing of distinct natural forms has probably been
exaggerated by some authors. A few individuals of one form
would seldom permanently affect another form existing in much
greater numbers; for, without careful selection, the stain of the
foreign blood would soon be obliterated, and during early and
barbarous times, when our animals were first domesticated,
such care would seldom have been taken.

There is good reason to believe that several of the breeds of
the dog, ox, pig, and of some other animals, are respectively
descended from distinet wild prototypes; nevertheless the belief
in the multiple origin of our domesticated animals has been
extended by some few naturalists and by many breeders to an
unauthorised extent. Breeders refuse to look at the whole
subject under a single point of view; I have heard one, who
maintained that our fowls were the descendants of at least
half-a-dozen aboriginal species, protest that he was in no way
concerned with the origin of pigeons, ducks, rabbits, horses, or
any other animal. They overlook the improbability of many
species having been domesticated at an early and barbarous
period.  They do not consider the improbability of species
having existed in a state of nature which, if like our present
domestic breeds, would have ieen highly abnormal in comparison
with all their congeners, They maintain that certain species,
which formerly existed, have become extinct or unknown,
although the world is now so much better known. The assump-
tion of s0 much recent extinction is no difficulty in their eyes;
for they do not judge of its probability by the facility or difficulty
of the extinetion of other closely allied wild forms. Lastly,
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they often ignore the whole subject of geographical distribu.
tion as completely as if its laws were the result of chance,

Although from the reasons just assigned it is often diffieult
to judge accurately of the amount of change which our domesti.
cated productions have undergone, yet this can be ascertained
in the cases in which we know that all the breeds are descended
from asingle species, as with the pigeon, duck, rabbit, and almost
certainly with the fowl; and by the aid of analogy this is to o
certain extent possible in the case of animals descended from
several wild stocks. It is impossible to read the details given
in the earlier chapters, and in many published works, or to
visit our various exhibitions, without being deeply impressed
with the extreme variability of our domesticated animals and
cultivated plants. T have in many instances purposely gi
details on new and strange peculiarities which have arisen. No
part of the organisation escapes the tendency to vary. The
variations generally affect parts of small vital or physiological
importance, but so it is with the difforences which exist
Detween closely allied species. In these unimportant cha-
racters there is often a greater difference hetween the breeds of
the same species than between the natural species of the same
genus, as Tsidore Geoffroy has shown o be the case with size,
and as is often the case with the colour, texture, form, &e, of
the hair, feathers, horns, and other dermal appendages.

Tt has often been asserted that important parts never vary
under domestication, but this is a complete error. Look at
the skull of tho pig in any one of the highly improved breeds,
with the oceipital condyles and other parts greatly modified; or
look at that of the niata ox. Or agin, in the several breeds
of the rabbit, observe the elongated skull, with the differently
shaped occipital foramen, atlas, and other cervical vertebre,
The whole shape of the brain, together with the skull, has
been modified in Polish fowls; in other breeds of the fowl
the number of the vertebrae and the forms of the cervieal
vertebre have been changed. In certain pigeons the shape of
the lower jaw, the relative length of the tongue, the size of the
nostrils and eyelids, the number and shape of the ribs, the form
and size of the wsophagus, have all varied. In certain quadra-
peds the length of the intestines has been much increased or
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diminished. With plants we see wonderful differences in the
stones of various fruits. In the Cucurbitacem several highly
important characters have varied, such as the sessile position of
the stigmas on the ovarium, the position of the carpels within
the ovarium, and its projection out of the receptacle. But it
would be useless to run through the many facts given in the
earlier chapters,

Tt is notorious how greatly the mental disposition, tastes,
‘habits, consensual movements, loquacity or silence, and the tone
of voice have varied and been inherited with our domesticated
animals. The dog offers the most striking instance of changed
mental attributes, and these differences cannot be accounted for
by descent from distinct wild types. New mental characters
have certainly often been acquired, and natural ones lost, under
domestication.

New characters may appear and disappear at any stage of
growth, and bo inherited at @ corresponding period. We see
this in the difference between the eggs of various breeds of the
fowl, and in the down on chickens; and still more plainly in
the differences hetween the caterpillars and cocoons of vatious
breeds of the silk-moth. These facts, simple as they appear,
throw light on the characters which distinguish the larval and
adult states of natural species, and on the whole great subject
of embryology. New characters are liable to become attached
exclusively to that sex in which they first appeared, or they
may be developed in @ niuch higher degree in the one than
the other sex; or again, after having become attached to one
sex, they may be partially transferred to the opposite sex.
These facts, and more especially the circumstance that new
characters seem to be particularly liable, from some unknown
cause, to become attached to the male sex, have an important
bearing on the acquirement by animals in a state of nature of
secondary sexual characters,

It has sometimes been said that our domestic productions do
not differ in constitutional peculiarities, but this cannot be
maintained. Tn our improved cattle, pigs, &, the period of
maturity, including that of the second dentition, has been
much hastened. The period of gestation varies much, but has
been modified in a fixed manner in only one or two cases. In
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our poultry and pigeons the acquirement of down and of the
first plumage by the young, and of the secondary sexual cha-
racters by the males, differ. The number of moults through
which the larva of silk-moths pass, varies. The tendency to
fatten, to yield much milk, to produce many young or egas
at a birth or during life, differs in different breeds. We find
different degrees of adaptation to elimate, and ‘different ten-
dencies to certain diseases, to the attacks of parasites, and to
the action of certain vegetable poisons. With plants, adaptation
to certain soils,as with some kinds of plums, the power of resisting
frost, the period of flowering and fruiting, the duration of life,
the period of shedding the leaves and of retaining them through.
out the winter, the proportion and nature of certain chemical
compounds in the tissues or seeds, all vary.

There is, however, one important, constitutional difference
between domestic races and species; I refer to the sterility
which almost invariably follows, in a greater or less degree, when
species are crossed, and to the perfect fertility of the most dis-
tinet domestic races, with the exception of a very few plants,
when similarly crossed. It certainly appears a remarkable fact
that many closely allied species which in appearance differ ex-
tremely little should yield when united only a few, more or less
sterile offspring, or none at all ; whilst domestic races which differ
conspicuously from each other, are when united remarkably fer-
tile, and yield perfectly fertile offspring. But this fact is not in
reality so inexplicable as it at first appears. In the first place,
it was clearly shown in the nineteenth chapter that the sterility
of crossed species does not closely depend on differences in their
external struct general consti but results exclusively
from differences in the reproductive system, analogous with those
‘hich cause the lessened fertility of the illegitimate unions and
illegitimate offspring of dimorphic and trimorphic plants. In
the second place, the Pallasian doctrine, that species after having
been long domesticated lose their natural tendency to sterility
when crossed, has been shown ta be highly probable; we can
scarcely avoid this conclusion when we reflect on the parentage
and present fertility of the several breeds of the dog, of Indian
and Furopean catle, sheep, and pigs. Hence it would bo un-
reasonable to expect that races formed under domestication

i
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should acquire sterility when crossed, whilst at the same time
we admit that domestication climinates the normal sterility of
erossed species.  Why with closcly allied species their reproduc-
tive systems should almost invariably have been modified in so
peculiar a manner as to be mutually incapable of acting on each
other—thongh in unequal degrees in the two sexes, as shown by
the difference in fertility between reciprocal crosses in the same
species—we do not know, but may with much probability infer
the cause to be as follows. Most natural species have been
habituated to nearly uniform conditions of life for an incom-
parably longer period of time than have domestic races; and
we positively know that changed conditions exert an especial
and powerful influence on the reproductive system, Hence this
difforence in habituation may well account for the different
tion of the reproductive organs when domestic races and when
spocies are crossed. It is a nearly analogous fact, that most
domestic races may be suddenly transported from one climate
to another, or be placed under widely different conditions, and
yet retain their fertility unimpaired; whilst a multitude of
Species subjected to lesser changes are rendered incapable of
breeding. -

With the exception of fertility, domestic varieties resemblo
species when crossed in transmitting their characters in the
same unequal manner to their offspring, in being subject to the
prepotency of one form over the other, and in their liability
to reversion. By repeated crosses a variety or a species may
be made completely to absorb another. Varieties, as we shall
see when we treat of their antiquity, sometimes inherit their
new characters almost, or even quite, as firmly as species.
With both, the conditions leading to variability and the
laws governing its nature appear to be the same. Domestic
varioties can be classed in groups under groups, like species
under genera, and these under families and orders; and the
classification may be either artificial, —that is, founded on any
arbitrary character,—or natural. With varieties a natural clas-
} sification is certainly founded, and with species is apparently

founded, on community of descent, together with the amount of
| modification which the forms have undergone. The characters
by which domestic varieties differ from each other are more
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variable than those distinguishing species, though hardly more
80 than with certain protean species; but this greater dogres
of variability is not surprising, as varieties have generally been
exposed within recent times to fluctuating conditions of life,
are much more liable to have been crossed, and are still in
many cases undergoing, or have recently undergone, modifica.
tion by man’s methodical or unconscious selection,

Domestic varieties as a general rule certainly differ from each
other in less important parts of their organisation than do
species; and when important differences occur, they are seldom
firmly fixed; but this fact is intelligible if wo consider man's
method of selection. In the living animal or plant he cannot
observe internal modifications in the more important organs;
nor does he regard them as long as they are compatible with
health and life. What does the breeder care about any slight
change in the molar teeth of his pigs, or for an additional
molar tooth in the dog; or for any change in the intestinal
canal or other internal organ? The breeder cares for the
flesh of his cattle being well marbled with fat, and for an
accumulation of fat within the abdomen of his sheep, and this
he has effected. What would the floriculturist care for any
change in the structure of the ovarium or of the ovules? As
important internal organs are certainly liable to numerous
slight variations, and as these would probably be inherited, for
many strange monstrosities are transmitted, man could un-
doubtedly effect a cortain amount of change in these organs.
When he has produced any modification in an important part,
it has generally been unintentionally in correlation with some
other conspicuous part, as when he has given ridges and protu-
berances to the skulls of fowls, by attending to the form of the
comb, and in the case of the Polish fowl to the plume of feathers
on the head. By attending to the external form of the pouter-
pigeon, he has enormously increased the size of the wsophagus,
and has added to the number of the ribs, and given them
greater breadth. With the carrier-pigeon, by increasing, through
steady selection, the wattles on the upper mandible, he has
greatly modified the form of the lower mandible ; and so inmany
other cases, Natural species, on the qther hand, have been_mo-
dified exclusively for their own good, to fit them for infinitely
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diversified conditions of life, to avoid enemies of all kinds, and
to struggle against a host of competitors. Hence, under such
complex conditions, it would often happen that modifications
of the most varied kinds, in important as well as in unimportant
parts, would e advantageous or even necessary ; and they would
slowly but surely be acquired through the survival of the fittest,
Various indirect modifications would likewise arise through the
law of correlated variation. &

Domestic breeds often haye an abnormal or semi-monstrous
character, us the Ttalian greyhound, bulldog, Blenheim spaniel,
and bloodhound amongst dogs—some breeds of cattle and pigs,
several breeds of the fowl, and the chiof breeds of the pigeon,
The differences between such abnormal breeds occur in parts
which in closely-allied natural species differ but slightly or not
at all. This may be accounted for by man’s often selecting,
especially at first, conspicuous and semi-monstrous deviations of
structure.  We should, however, be cautious in deciding what
deviations ought to be called monstrous: there can hardly be a
doubt that, if the brush of horse-like hair on the breast of the
turkey-cock had first appeared on the domesticated bird, it would
have been considered a monstrosity; the great plume of feathers
on the head of the Polish cock has been thus designated, though
plumes are common with many kinds of birds; we might call
the wattle or corrugated skin round the base of the beak of the
English carrier-pigeon a monstrosity, but we do not thus speak
of the globular fleshy excrescence at the base of the beak of
the male Carpophaga oceanica,

Some authors have drawn a wide distinction between
artificial and natural breeds; although in extreme cases the
distinetion is plain, in many other cases an arbitrary line
has to be drawn. The difference depends chiefly on the kind
of selection which has been applied. Artificial breeds are
those which have been intentionally improved by man; they
frequently have an unnatural appearance, and are especially
Liable to loss of excellence through reversion and continued
variability. The so-called natural breeds, on the other hand,
are those which are now found in semi-civilised countries, and
which formerly inhabited separate districts in nearly all the
Buropean kingdoms. They have been rarely acted on by man's

loarwin Oniline’ By permission of the Trustees of the Natursl History Museun (Londan)



414 CONCLUDING REMARKS, Cirar, XXVIIL

intentional selection; more frequently, it is probable, by un-
conscious selection, and partly by natural selection, for animals
kept in semi-civilised countries have to provide largely for their
own wants._Such natural breeds will also, it may be presumed,
have been duectly acted on to some extent by the differences,
though slight, in the surrounding physical conditions.

It is amuch more important distinction that some breeds have
been from their first origin modified in so slow and insensible o
‘manner, that if we could see their early progenitors we should
hardly be able to say when or how the breed first arose ; whilst
other breeds have originated from a strongly-marked or semi.
monstrous deviation of structure, which, however, may subse-
quently have been angmented by selection. From what we
Know of the history of the racehorse, greyhound, gamecock,
&e, and from their general appearance, we may feel nearly con-
fident that they were formed by a slow process of improvemen
and with the carrier-pigeon, as well as with some other pigeons,
we know that this has been the case. On the other hand, it is
certain that the ancon and mauchamp breeds of sheep, and
almost certain that the niata cattle, turnspit and pug-dogs,
jumper and frizzled fowls, short-aced tumbler pigeons, hook-
billed ducks, &c., and with plants a multitude of varieties, sud-
denly appeared in nearly the same state as we now see them.
The frequency of these cases is likely to lead to the falso
belief that natural species have often originated in the same
abrupt manner. But we have no evidence of the appearance, or
at least of the continued procreation, under nature, of abrupt
modifications of structure ; and various general reasons could be
assigned against such a belief: for instance, without separation
a single monstrous variation would almost certainly be soon
obliterated by crossing.

On the other hand, we have abundant evidence of the con-
stant oceurrence under nature of slight individual differences of
the most diversified kinds; and thus we are led to conclude that
species have generally originated by the natural selection, not of
abrupt modifieations, but of extremely slight differences. This
process may be strictly compared with the slow and gradual im-
provement of the racehorse, greyhound, and gamecock. As every
detail of structure in each species s closely adapted to its general
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habits of life, it will rarely happen that one part alone will b
modified ; but the co-adapted modifications, as formerly shown,
need not be absolutely simultanous. Many variations, however,
are from the first connected by the law of correlation. Hence
it follows that even closely-allied species rarely or never differ
from each other by some one character alone; and this same
remark applies to a certain extent to domestic races; for these,
if they differ much, generally differ in many respects.

Some naturalists boldly insist! that species aro absolutely
distinet productions, never passing by intermediate links into
each other; whilst they maintain that domestic varieties can
always be connected either with each other or with their parent-
forms. But if we could always find the links between the
several breeds of the dog, horse, cattle, sheep, pigs, &e., the
incessant doubts whether they are descended from one or several
species would not have arisen. The greyhound genus, if such a
term may be used, cannot be closely connected with any other
breed, unless, perhaps, we go back to the ancient Egyptian
monuments. Our English bulldog also forms a very distinet breed.
In all these cases crossed breeds must of course be excluded, for
the most distinet natural species can thus be connected. By
what links can the Cochin fowl be closely united with others ?
By searching for breeds still preserved in distant lands, and by
going back to historical records, tumbler-pigeons, carriers, and
barbs can be closely connected with the parent rock-pigeon
but we cannot thus connect the turbit or the pouter. The
degree of distinctness between the various domestic breeds
depends on the amount of modification which they have under-
gone, and especially on the neglect and final extinetion of the
linking, intermediate, and less valued forms.

It has often been argued that no light is thrown, from the ad-
mitted changes of domestic races, on the changes which natural
species are believed to undergo, as the former are said to be mere
temporary productions, always reverting, as soon as they become
feral, to their pristine form. ~ This argument has been well com-
bated by Mr. Wallace;* and full details were given in the thir-
teenth chapter, showing that the tendency to reversion in feral

1 Godron, « Do IEspice,’ 1859, tom. ii. p. 44, &e.
# Journal Proc, Liun, Soc. .60

1858, vo
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animals and plants has been greatly exaggerated, though no
doubt to a certain extent it exists. Tt would be opposed to all
the principles inculcated in this work, if domestic animals, when
exposed to new conditions and compelled to struggle for their
own wants aguinst a host of foreign competitors, were not in
the course of time in some manner modificd. 1t should also
be remembered that many characters lie latent in all organic
beings ready to be evolved under fitting conditions; and in breeds
‘modified within recent times the tendency to reversion is parti-
cularly strong. But the antiquity of various breeds clearly proves
that they remain nearly constant as long as their conditions of
life remain the same,

Tt has been boldly maintained by some authors that tho
amount of variation to which our domestic productions are liable
is strictly limited; but this is an assertion resting on little
evidence. Whether or not the amount in any particular direc-
tion is fixed, the tendency to general variability seems unlimited.
Cattle, sheep, and pigs have been domesticated and have varied
from the remotest period, as shown by the researches of Riiti-
meyer and others, yet these animals bave, within quite recent
times, been improved in an unparalleled degree; and this im-
plies continued variability of struct Wheat, as we know
from the remains found in the Swiss lake-habitations, is one of
the most anciently cultivated plants, yet at the present day new
and better varieties occasionally arise. It may be that an ox
will never be produced of larger size or finer proportions than
our present animals, or a race-horse fleeter than Eclipse, or a
gooseberry larger than the London variety ; but he would be
a bold man who would assert that the extreme limit in these
respects has been finally attained. With flowers and fruit it
has repeatedly been asserted that perfection las been reached,
but the standard has soon been excelled. A breed of pigeons
may never be produced with a beak shorter than that of the
present short-faced tumbler, or with one longer than that of the
English carrier, for these birds have weak constitutions and are
bad breeders; but the shortness and length of the beal are the
points which have been steadily improved during at least the
Iast 150 years; and some of the hest judges deny that the goal has
yet been reached. We may, also, reasonably suspect, from what
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we seo in natural species of the variability of extremely modifiod
parts, that any structure, aftor remaining constant during o long
series of generations, would, under now and changed conditions
of Lie, recommence its course of variability, and might again
be acted on by selection. Nevertheless, as Mr, Wallace® has
recently remarked with much force and truth, there must be
Doth with natural and domestic productions a limit to change in
cortain directions; for instance, there must be a limit to (he
fleetness of any terrestrial animal, as this will be determined by
the friction to be overcome, the weight to be carried, and the
power of contraction in the muscular fibres, The English race-
Horso may havo reached this limit; but it already surpusses in
flectness its own wild progenitor, and all other equine species.

Tt is not surprising, sceing the great difference betweon many
domestic breeds, that some few naturalists have concluded that
all are descended from distinet aboriginal stocks, more especially
as the principle of selection has been ignored, and the high
antiquity of mn, as a breeder of animals, has only recently
become known. Most naturalists, however, freely admit that
various extromely dissimilar breeds are descended from a singlo
stock, although they do not know much about the art of breeding,
cannot show the connecting links, nor say where and when the
breeds arose. Yet these same naturalists will declare, with an
air of philosophical caution, that they can never admit that ono
natural specics has given birth to another until they belold all
the transitional steps. But fanciers have used exactly the same
language with respect to domestic breads ; thus an author of an
excellent treatise says he will never allow that carrier and fantail
pigeons ate the descendants of the wild rock-pigeon, until the
transitions have “actually been observed, and can be repeated
“whenever man chooses to set about the task.” No doubt it is
difficult to realise that slight changes added up during long
centuries can produce such results; but he who wishes to
understand the origin of domestio breeds or natural species must
overcome this difficulty.

The causes inducing and the Taws governing variability have
been so lately discussed, that T need hero only enumerate the
leading points. As domesticated organisms are much morg
* *The Quarterly Journal of ‘Seienee,” Oct. 1867, p. 486,
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Tiable to slight deviations of structure and to monstrosities, than
species living under their natural conditions, and as widely-
ranging species vary more than those which inhabit restricted
areas, wo may infer that variability mainly depends on changed
conditions of life. We must not overlook the effects of the
unequal combination of the characters derived from both parents,
nor reversion to former progenitors. Changed conditions have
an especial tendency to render the reproductive organs more
or less impotent, as shown in the chapter devoted to this sub-
ject; and these organs consequently often fail to transmit faith-
Tully the parental characters. Changed conditions also act
dircetly and definitely on the organisation, so that all or nearly
all the individuals of the same species thus exposed become
modified in the same manner; but why this or that part is
especially affected we can seldom or never say. [n most cases,
Towever, of the direct action of changed conditions, independ-
ently of the indirect variability caused by the reproductive
organs being affected, indefinite modifications are the result; in
nearly the same manner as exposure to cold or the absorption
of the same poison affects different individuals in various ways.
‘We have reason to suspect that an habitual excess of highly
nutritious food, or an excess relatively to the wear and tear of
the organisation from exercise, is a powerful exciting cause of
varisbility. When we see the symmetrical and complex out-
growths, caused by a minute atom of the poison of a gall-insect,
we may believe that slight changes in the chemical nature of
the sap or blood would lead to extraordinary modifications
of structure.

The increased use of a muscle with its various attached parts,
and the increased activity of a gland or other organ, lead to their
increased development. Disuse has a contrary effect. With
domesticated productions organs sometimes become rudimentary
through abortion; but we have no reason to suppose that this
has ever followed from mere disuse. With natural species, on
the contrary, many organs appear to have been rendered rudi-
mentary through disuse, aided by the principle of the economy
of growth, and by the hypothetical principle discussed in the
last chapter, namely, the final destruction of the germs or gem-
mules of such useless parts. This difference may be partly
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accounted for by disuse having acted on domestic forms for
an insufficient length of time, and partly from their exemption
from any severe struggle for existence, entailing rigid economy.
i the development of each part, to which all species mndes
nature are subjected. Nevertheless the law of compensation or
balancement apparently affects, to a cortain extent, our domes.
ticated productions.

We must not exaggerate the importance of the definito action
of changed conditions in modifying all the individuals of the
samo species in tho same manner, or of use and disuse, Aq
every part of tho organisation is highly variable, and as varia.
tions are so easily selected, both conseiously and unconsciously,
it is very difficult to distinguish between the effects of the selec-
tion of indefinite variations, and the direct action of the con-
ditions of life. For instance, it is possible that the feet of our
water-dogs, and of the American dogs which have to travel muoh
over the snow, may have become partially webbed from the
stimulus of widely extending their toes; but it is far more probable
that the webbing, like the membrane between the toes of certain
pigeons, spontancously appeared and was afterwards increased
by the best swimmers and the best snow-travellers being  pre-
served during many generations. A fancier who wished to
decrease the size of his bantams or tumbler-pigeons would never
think of starving them, but would select the smallest indi.
viduals which spontancously appeared. Quadrupeds aro some.
times born destitute of hair, and hairless breeds have been
formed, but there is no reason to believe that this is caused by
a hot climate. Within the tropies heat often causes sheep to
lose their fleeces, and on the other hand wet and cold act as a
direct stimulus to the growth of hair; it is, however, possible
that these changes may merely be an exaggeration of the regular
yearly change of coat; anq who will pretend to decide how far
this yearly change, or the thick fur of arctic animals, or as
T may add their white colour, is due to the direct action of a
severo elimate, and how far t9 the preservation of the best pro-
tected individuals during a long succession of generations ?

Of all the laws governing variability, that of correlation is
the most fmportant. Tn many cases ‘of slight doviations of
structure as well as of grave monstrosities, we cannot even
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conjecture what is the nature of the bond of connexion. But
Detween homologous parts—between the fore and hind limbs—
between the hair, hoofs, horns, and teeth—we can see that parts
which are closely similar during their early development,
and which are exposed to similar conditions, would be liable to
be modified in the same mamner. Homologous parts, from
having the same nature, are apt to blend together, and, when
many exist, to vary in number.

Although every variation is either directly or indirectly caused
by some change in the surrounding conditions, we must never
forget that the nature of the organisation which is acted on essen-
tially governs the result. Distinct organisms, when placed under
similar conditions, vary in different manners, whilst closely-allied
organisms under dissimilar conditions often vary in nearly tho
same manner. We sce this in the same modification frequently
reappearing at long intervals of time in the same variety, and
Jikewise in the several striking cases given of analogous or paral-
lel varieties. Although some of these latter cases aro simply
due to reversion, others cannot thus be accounted for.

From the indirect action of changed conditions on the or-
ganisation, through the impaired state of the reproductive
organs—from the direct action of such conditions (and this will
cause the individuals of the same species cither to vary in the
same manner, or differently in accordance with slight differences
in their constitution)—from the effects of the increased or de-
creased use of parts,—and from correlation,—the variability of
our ? i plicated in an extremo
degree. The whole organisation becomes slightly plastic. Al-
though each modification must have its proper exciting cause,
and though each is subjected to law, yet we can so rarely trace
the precise relation between cause and effect, that we are tempted
to speak of variations as if they spontaneously arose. We may
even call them accidental, but this must be only in the sense
in which we say that a fragment of rock dropped from a height
owes its shape to accident.

It may be worth while briefly to consider the results of the
exposure to unnatural conditions of a large number of animals of
the same species, allowed to cross freely, with no selection of any
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Xind; and afterwards to consider the results when selection is
brought into play. L.t us suppose that 500 wild rocl-pigeons were
' confined in their native land in an aviary, and fed in the same

manner as pigeons usually are; and that they were not allowed
{ to increase in number. ~ As pigeons propagate so rapidly, I sup-
pose that a thousand or fifteen hundred birds would have to be
annually killed by mere clance. After several generations had
been thus reared, wo may feel sure that some of the young
vds would vary, and the variations would tend to be inhe-
rited; for at the present day slight deviations of structure often
oceur, but, as most breeds are already well established, these
modifications are rejected as blemishes. It would be tedious
even to enumerate the multitude of points which still go on
varying or have recently varied. Many variations would occur
in correlation, as the length of the wing and tail feathers—the
number of the primary wing-feathers, as well as the number and
breadth of the ribs, in correlation with the size and form of the
body—the number of the scutellz, with the size of the feet—
the length of the tongue, with the length of the beak—the size
of the nostrils and eyelids and the form of lower jaw in
correlation with the development of wattle—the nakedness of
the young with the future colour of the plumage—the size
of the fect and beak, and other such points. Lastly, as our
birds are supposed to be confined in an aviary, they would use
their wings and legs but little, and certain parts of the ske-
leton, such as the sternum and scapulw and the feet, would in
cqusequence become slightly reduced in size.

s in our assumed case many birds have to be indiserimi-
nately killed every year, the chances are against any new
variety surviving long enough to breed. And as the variations
which arise are of an extremely diversified nature, the chances
are very great aguinst two birds pairing which have varied in
the same manner; nevertheless, a varying bird even when not
| thus paired would occasionally transmit its character to its young ;

and these would not only be exposed to the same conditions which
st caused the variation in question to appear, but would in addi-
tion inherit from their one modified parent a tendency again to
vary in the same manner. 8o that, if the conditions decidedly
tended to induce some particular variation, all the birds might

t

Larwm Orline: By penmiesion of the Trustees of the Natural History. Museum (Londan).



422 CONCLUDING REMARKS. Cuar. VI,

in the comse of time become similarly modified. But a for
commoner result would be, that one bird would vary in one
way and another bird in another way ; one would be Lom witl
a little longer beak, and another with a shorter beak ; one would
gain some black feathers, another some white or red feathers,
And as these birds would be continually intercrossing, the final
result would b a body of individuals differing from each other
slightly in many ways, yet far more than did the original rock-
pigeons. But there would mot be the least tendency to the
formation of distinet breeds.

If two separate lots of pigeons were to be treated in the
manner just deseribed, one in England and the other in a
tropical country, the two lots being supplied with different food,
would they, after many generations had passed, differ? When
we reflect on the cases given in the twenty-third chapter, and
on such facts as the difference in former times between tho
breeds of cattle, sheep, &c., in almost every district of Europe,
we are strongly inclined to admit that the two lots would be
differently modified through the influence of climate and food.
But the evidence on the definite action of changed condi-
tions is in most cases insufficient; and, with respect to pigeons,
I have had the opportunity of examining a large collection of
domesticated birds, sent to me by Sir W. Tlliot from India,
and they varied in a remarkably similar manner with our
Turopean birds.

If two distinct breeds were to be confined together in equal
numbers, there s reason to suspect that they would to a certain
extent prefer pairing with their own kind; but they would 1
wise intercross. From the greater vigour and fertility of the
crossed offspring, the whole body would by this means become
interblended sooner than would otherwise have occurred. From
certain breeds being prepotent over others, it does not follow
that the interblended progeny would be strictly intermediate
in character. I have, also, proved that the act of crossing in
itself gives a strong tendency to reversion, so that the crossed
ofispring would tend to revert to the state of the aboriginal
rock-pigeon. In the course of time they would probably be
not much more heterogeneous in character than in our first
case, when birds of the same breed were confined together.
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’ T have just said that the crossed offspring would gain in
vigour and fertility. From the facts given in the seventeenth
chapter there can be no doubt of this; and there can be
] little doubt, though the evidence on this head is not so easily
acquired, that long-continued close interbreeding leads to evil
results.  With hermaphrodites of all kinds, if the sexual ele-
ments of the same individual habitually acted on each other,
the closest possible interbreeding would be perpetual. There-
fore we should bear in mind that with all hermaphrodite
animals, as far as T can learn, their structure permits and
frequently necessitates a cross with a distinet individual. With
hermaphrodite plants wo incessantly meet with elaborate and
perfect contrivances for this same end. It is no exaggeration
to assert that, if the use of the talons and tusks of a carnivorous
animal, or the use of the viscid threads of a spider’s web, or of
the plumes and hooks on a seed may be safely inferred from
their structure, we may with equal safety infer that many flowers
are constructed for the express purpose of ensuring a cross with
a distinet plant. From these various considerations, the con-
clusion arrived at in the chapter just referred to—namely, that
great good of some kind is derived from the sexual concourse of
distinet individuals—must be admitted.

o return to our illustration: we have hitherto assumed that
the birds were kept down to the same number by indiscriminate
slanghter;; but if the least choice be permitted in their preser-
vation and slaughter, the whole result will be changed. Should
the owner observe any slight variation in one of his birds,
and wish to obtain a breed thus characterised, he would succeed
ina surprisingly short time by carefully selecting and pairing
the young. As any part which has once varied generally goes
on varying in the samo direction, it is easy, by continually pre-
serving the most strongly marked individuals, to increase the
amount of difference up to a high, predetermined standard
of excellence, This is methodical selection.

If the owner of the aviary, without any thought of making
 new breed, simply admired, for instance, short-beaked more
than long-beaked birds, he would, when he had to reduce the
number, generally Kill the latter; and there can be no doubt
that ho would thus in the course of time sensibly modify his
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stock. Tt s improbable, if two men wero to keep pigeons
and act in this manner, that they would prefer exactly {ho
samo characters; they would, as we know, often prefer dircetly
opposite characters, and the two lots would ultimately come
to differ. This has actually occurred with strains or families
of catile, sheep, and pigeons, which have been long
carefully attended to by different breeders without,
on their part to form new and distinct subbreeds. This wune
scious kind of selection will more especially come into action
with animals which are highly serviceable to man; for cvery ono
tries to get the best dog, horse, cow, or sheep, and these animals
will transmit more or less surely their good qualities to their
offspring. Hardly any one is so careless as to breed from his
worst animals, Even savages, when compelled from extreme
want to kill some of their animals, would destroy the worst and
preserve the best.  With animals kept for use and not for mero
amusement, different fashions prevail in different districts,
leading to the preservation, and consequently to the transmis-
sion, of all sorts of trifling peculiarities of character. The same
process will have been pursued with our fruit-trees and vego-
tables, for the best will always have been the most laxgely cul-
tivated, and will occasionally have yielded seedlings better than
their parents,

The different strains, just alluded to, which have been raised
by different breeders without any wish for such a result, and the
unintentional modification of foreign breeds in their new homes,
both afford excellent evidence of the power of unconscious
selection. This form of selection has probably led to far move
important results than methodical selection, and is likewise more
important under a theoretical point of view from closely resem-
bling natural selection. For during this process the best or most
valued individuals are not separated and prevented crossing
with others of the same breed, but are simply preferred and
preserved; but this inevitably leads during a long succession
of generations to their increase in number and to their gradual
improvement; so that finally they prevail to the exclusion of
the old parent-form.

With our domesticated animals natural sclection checks
the production of races with any injurious deviation of struc-

Kept and
any wish
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ture. In the case of animals kept by savages and semi-ciyilised

people, which have to provide largely for their own wants under

different cireumstances, natural selection will probably play a

more important part. Hence such animals often closely re-

semble natural spec

As there is no limit to man's desire to possess animals and

plants more and more useful in any respect, and as the fancier

always wishes, from fashion running into extremes, to produce

each character more and more strongly pronounced, there is a

constant tendency in every breed, through the prolonged action

of methodical and unconscious selection, to become more and

more different from its parent-stock ; and when several breeds

have been produced and are yalued for different qualities, to

differ more and more from each other. This leads to Divergence

4 of Character. As improved sub-varieties and races are slowly

formed, the older and less improved breeds are neglected and

decrease in number. When few individuals of any breed exist

within the same locality, close interbreeding, by lessening their

vigour and fertility, aids in their final extinction. Thus the

intermediate links are lost, and breeds which have already
diverged gain Distinctness of Character.

Tu the chapters on the Pigeon, it was proved by historical

details and by the existence of connecting sub-varieties in distant

{ lands that several breeds have steadily diverged in character,

and that many old and intermediate sub-breeds have become

extinet. Other cases could be adduced of the extinetion of do-

mestic breeds, as of the Irish wolf-dog, the old English hound,

and of two breeds in France, one of which was formerly highly

valued! Mr. Pickering remarks® that “the sheep figured on

* the most ancient Egyptian monuments is unknown at the pre-

“sent day; and at least one variety of the bullock, formerly

“ known in Egypt, has in like manner become extinct.” So it

has been with some animals, and with several plants cultivated

by the ancient inhabitants of Europe during the neolithic period.

In Peru, Von Tschudi found in certain tombs, apparently prior

to the dynasty of the Incas, two kinds of maize not now known

| in the country. With our flowers and culinary vegetables,

| 3 XL Rufz de Lavison, in * Bull. Soc. Tmp. ’Acclimat.,’ Dec. 1862, p. 1009,
¢ “Baces of Man 1850, p. 815, © * Travels in Peru, Eng. trauslat, p. 177.
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the production of new varieties and their extinction has in-
cessantly recurred. At the present time improved breeds some-
times displace at an extraordinarily rapid rato older breeds ;
as has recently occurred throughout England with pigs. The
Longhorn cattle in their native home were “suddenly swept
« away as if by some murderons pestilence,” Ly the introduction
of Short-horns.”

What grand results have followed from the long-continued
action of methodical and unconscious selection, checked and
regulated to a certain extent by natural selection, is seen on
every side of us. Compare the many animals and plants which
are displayed at our exhibitions with their parent-forms when
these are known, or consult old historical records with Tespect
to their former state. Almost all our domesticated animals
have given rise to numerous and distinet Taces, excepting those
which cannot be easily subjected to selection—such as cats, the
cochineal insect, and the hive-boe,—and excepting those animals
which are not much valued. In accordance with what we know
of the process of selection, the formation of our many races has
been slow and gradual. The man who first observed and pre-
served a pigeon with its csophagus a little enlarged, its beak a
Tittle longer, or its tail a little more expanded than usual, never
dreamed that he had made the first step in the creation of the
pouter, carrier, and fantail-pigeon. Man can create not only
anomalous breeds, but others with their whole structure ad-
mirably co-ordinated for certain purposes, such as the race-horse
and dray-horse, or the greyhound. It is by no means necessary
that each small change of structure throughout the body, leading
towards excellence, should simultaneously arise and be selected.
Although man seldom attends to differences in organs which
are important under a physiological point of view, yet he has
s0 profoundly modified some breeds, that assuredly, if found wild,
they would be ranked under distinct genera.

The best proof of what selection has effected is perhaps
afforded by the fact that whatever part or quality in any
animal, and more especially in any plant, is most valued by
man, that part or quality differs most in the several races.
This result is well seen by comparing the amount of difference

7 Yountt on Cattle, 1834, p 200 : on Pigs, sce * Gard. Chronicle,' 1854, p. 410.
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between the fruits produced by the varieties of the same fruit-
tree, between the flowers of the varieties in our flower-garden,
hatween the seeds, roots, or leaves of our culinary and agricul-
tural plants, in comparison with the other and not valued parts
of the same plants. Striking evidence of a different kind is
afforded by the fact ascertained by Oswald Heer,® namely, that
the seeds of a large number of plants,—wheat, barley, oats, peas,
beans, lentils, poppies,—cultivated for their seed by the ancient
Lake-inhabitants of Switzerland, were all smaller than the seeds
of our existing varietics. Ritimeyer has shown that the sheep
and cattle which were kept by the earlier Lake-inhabitants were
likewise smaller than our present breeds. In the middens of
Denmark, the earliest dog of which the remains have been
found was the weakest; this was succeeded during the Bronze
age by a stronger kind, and this again during the Iron age by
ono still stronger. The sheep of Denmark during the Bronze
period had extraordinarily slender limbs, and the horse was
smaller than our present animal? No doubt in these cases the
new and larger breeds were generally introduced from foreign
lands by the immigration of new hordes of men. But it is not
probable that each larger breed, which in the course of time
supplanted a previous and smaller breed, was the descendant
of a distinct and larger species; it is far more probable that
the domestic races of our various animals were gradually im-
proved in different parts of the great Europmo-Asiatic conti-
nent, and thence spread to other countries. This fact of the
gradual increase in size of our domestic animals is all the more
striking as certain wild or half-wild animals, such as red-deer,
aurochs, park-cattle, and boars,® have within nearly the same
period decreased in size.

The conditions favourable to selection by man are,—the
closest attention being paid to every character,—long-continued
perseverance,—facility in matehing or separating animals,—and.
especially a large number being kept, so that the inferior
individuals may be freely rejected or destroyed, and the better
ones preserved.  When many are kept there will also be a

* ‘Die Planzn der Phablbauten,  Mars, 1850, p. 205.
1865, » Ritimeyer, * Dio Fauna der Phll-
? Morlot, Soe, Vaul. des Scien. Nat”  baute 2
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greater chance of the occurrence of well-marked deviations of
structure.  Length of time is all-important; for as each cha-
Tacter, in order to become strongly pronounced, has to be
augmented by the selection of successive variations of the samo
nature, this can only be effected during a long series of gene-
rations. Length of time will, also, allow any new feature to
become fixed by the continued rejection of those individuals
which revert or vary, and the preservation of those which inherit
the new character. Hence, although some few animals have
varied rapidly in certain respects under new conditions of life,
s dogs in India and sheep in the West Indies, yet all the
animals and plants which have produced strongly marked
races were domesticated at an extremely remote epoch, often
before the dawn of history. As a consequence of this, no record
has been preserved of the origin of our chief domestic breeds.
Even at the present day new strains or sub-breeds are formed
so slowly that their first appearance passes unnoticed: A man
attends to some particular character, or merely matches his
animals with unusual care, and after a time a slight difference is
perceived by his neighbours ;—the difference goes on being aug-
mented by unconscious and methodical selection, until at last a
new sub-breed is formed, receives a local name, and spreads; but,
by this time, its history is almost forgotten. When the new
breed has spread widely, it gives rise to new strains and sub-
breeds, and the best of these succeed and spread, supplanting
other and older breeds; and so always onwards in the march of
improvement.

‘When a well-marked breed has once been established, if not
supplanted by still improving sub-breeds, and if not exposed to
greatly changed conditions of life, inducing further variability
or eversion to long-lost characters, it may apparently last for
an enormous period. We may infer that this is the case from the
high antiquity of certain races; but some caution is necessary
on this head, for the same variation may appear independently
after long intervals of time, or in distant places. We may safely
assume that this has occurred with the turnspit-dog which is
figured on the ancient Egyptian monuments, with the solid-
hoofed swine ™ mentioned by Aristotle, with five-toed fowls de-

M Godron, ‘ De I"Esptee,’ tom. i., 1839, p. 368,
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soribed by Columella, and certainly with the nectarine. The dogs
represented on the Egyptian monuments, about 2000 1.c. show
«us that some of the chief breeds then existed, but it is extremely
doubtful whether any are identically the same with our present
1 breeds. A great mastiff sculptured on an Assyrian tomb, 640 p.c,,
is said to be the same with the dog still imported into the same
region from Thibet. The true greyhound existed during the
Roman classical period. Coming down to a later period, wo
have seen that, though most of the chief breeds of the pigeon
existed between two and three centuries ago, they have not
all retaineg to the present day exactly the same chatacter; but
this s occurred in certain cases in which improvement was
not desired, for instance in the case of the Spot or the Indian
ground-tumbler.
De Candolle ™ has fully discussed the antiquity of various
races of plants; he states that the black-seeded poppy was
Jnown in-the time of Homer, the white-seeded sesamum by the
ancient Bgyptians, and almonds with sweet and bitter kernels
by the Hebrews; but it does not seem improbable that some of
these varieties may have been lost and reappeared. One variety
of barley and apparently one of wheat, both of which were cul-
tivated at an immensely remote period by the Lake-inhabitants
of Switzerland, still exist. It is said® that « specimens of a
“ small variety of gourd which s still common in the market
“ of Lima were exhumed from an ancient cemetery in Peru.” De
Candolle remarks that, in the books and drawings of the sixteenth
s century, the principal races of the cabbage, turnip, and gourd
can be recognised ; this might have been expected at so late a
period, but whether any of these plants are absolutely identical
with our present sub-varieties is not certain, It is, however,
said that the Brussels sprout, a variety which in some places
is liable to degeneration, has remained genuine for more than
four centuries in the district where it is believed to have
originated.

0

T accordance with the views maintained by me in this work

and elsewhere, not only the various domestic races, but the

1 « Géographie Botan.,’ 185 989. M < Journal of a Horticultural Tour,”

A  Pickering, * Races of 550, by o Deputationof the Caledonian Hist,
8IS, Soc. 1825, p. 295,
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most distinct genera and orders within the same great class,—
for instance, whales, mice, birds, and fishes—are all the descend-
ants of one common progenitor, and we must admit that tho
whole vast amount of difference between these forms of life has
primarily arisen from simple variability. To consider the sub-
ject under this point of view is enough to strike one dumb
with amazement. But our amazement ought to be lessened
when we reflect that beings, almost infinite in number, during
an almost infinite lapse of time, have often had their whole
organisation rendered in some degree plastic, and that each
slight modification of structure which was in any way bencfi-
cial under excessively complex conditions of life, will have
been preserved, whilst each which was in any way injurious
will have been rigorously destroyed. And the long-continued
accumulation of beneficial variations will infallibly lead to
structures as diversified, as beautifully adapted for vatious
purposes, and as excellently co-ordinated, as we see in the
animals and plants all around us. Hence T have spoken of
selection as the paramount power, whether applied by man to
the formation of domestic breeds, or by nature to the produc-
tion of species. I may recur to the metaphor given in a former
chapter: if an architect were to rear a noble and commodious
edifice, without the use of cut stone, by selecting from the
fragments at the base of a precipice wedge-formed stones
for his arches, elongated stones for his lintels, and flat stones for
his roof, we should admire his skill and regard him as the
paramount power. Now, the fragments of stone, though indis-
pensable to the architect, bear to the edifice built by him the
same relation which the fluctuating variations of each organic
being bear to the varied and admirable structures ultimately
acquired by its modified descendants.

Some authors have declared that natural selection explains
nothing, unless the precise cause of each slight individual dif-
ference be made clear. Now, if it were explained to a savage
utterly ignorant of the art of building, how the edifice had been
raised stone upon stone, and why wedge-formed fragments were
used for the arches, flat stones for the roof, &c. ; and if the uso
of each part and of the whole building were pointed out, it
would be unreasonable if he declared that nothing had been
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made clear to him, because the precise causo of the shapo

of each fragment could not be given. But this is a nearly

parallel caso with the objection that selection explains nothing,
| because we know not the cause of each individual difference in
J the structure of each being.

The shape of the fragments of stone at the base of our pre-
cipice may be called accidental, but this is not strictly correct;
for the shape of each depends on a long sequence of events, all
abeying natural laws; on the nature of the rock, on the
of deposition or cleavage, on the form of the mountain which
depends on its upheaval and subsequent denudation, and lastly
on the storm or carthquake which threw down the fragments.
But in regard to the use to which the fragments may be put,
their shape may be strictly said to be accidental. And here
we are led to face a great difficulty, in alluding to which T am
aware that T am travelling beyond my proper province. An
omniscient Creator must have foreseen every consequence which
results from the laws imposed by Him. But can it be reasonably

| maintained that the Creator intentionally ordered, if we uso
i the words in any ordinary sense, that certain fragments of rock
should assume certain shapes so that the builder might erect
his edifice? If the various laws which have determined the
shapo of each fragment were not predetermined for the builder's
sake, can it with any greater probability be maintained that
He specially ordained for the sake of the breeder each of the
innumerable variations in our domestic animals and plants;—
many of these variations being of no service to man, and not
beneficial, far more often injurious, to the creatures themselyes?
Did He ordain that the crop and tail-feathers of the pigeon
should vary in order that the fancier might make his grotesque
pouter and fantail breeds ? Did He cause the frame and mental
qualities of the dog to vary in order that & breed might be
formed of indomitable ferocity, with Jaws fitted to pin down the
bull for man’s brutal sport? " But if wo give up the principle
in ono case,—if wo do not admit that the variations of the
meval dog were intentionally guided in order that the grey-
hound, for instance, that perfect image of symmetry and
Vigour, might bo formed,—no shadow of reason can be assigned
for the belief that variations, alike in nature and the result

tLrwm 15 ina! By penmicsion of tha Trustees of the Natural History Museum (London).



432 CONCLUDING REMARKS. Cur. XXVIIL

of the sume general laws, which have been the gromndwork
through natural selection of the formation of the most per-
fectly adapted animals in the world, man included, were inten-
tionally and specially guided. However much wo may wish
it, we can hardly follow Professor Asa Gray in his belief « that
“ variation has been led along certain beneficial lines,” like o
stream “along definite and useful lines of irrigation” If we
assume that cach particular variation was from the beginning
of all time ined, the plasticity of organisation, which
leads to many injurious deviations of structure, as well as that
vedundant power of reproduction which inevitably leads to a
struggle for existence, and, as & consequence, to the natural
selection or survival of the fittest, must appear to us superfluous
laws of nature. On the other hand, an omnipotent and omni-
scient Creator ordains everything and foresces everything.
Thus we are brought face to face with a difficulty as insoluble
z as is that of free will and predestination.

Darwin Online: By permission of the Trustees of the Matural Listory Museum <London)



INDEX.

Annas,

Ausas Pachn,  funcier of fantailed pi-
geons, . 206, :
Anaa, Mz, on i i 147; on mig-
nonelte, i
Amorr, Mr. Keifh, on the Persan tu
A fucial bones . 75,
AnowTioN of orguns, . S15-318, 507.
Aneomrnos ofs “ainority i cromed e,
i. §7-89,
Avuniamsites,
i 322,

i, 805:815; of maize,

Acz;m,'an the fertility of domestie ani-
i Lapland, i. 112,

Achatinela, B
ke “millefulium, bud variaton in, i

napelius, xoots of, innocuous in
ey

iy of, i. 170,
in South America at its
Aeropere St socds o, i, 970.
Ava, D, origin of Cytima Adan, i.

Apr, W, on consunguineous marriages,

Abig M n Boreditary disease, i,
Apvascruye in seale of organisaion,

Hiilops il oacraions of Tt
‘and Godron o, . creasing fo
ity o byt ot whml‘ i 110,

T 0 rubi

s v, emdency f, o bocomo

i, 165.

180,
A1 el cutl
L plants of sevags
Soutl, mvmuyof m\.d. nf
[ w

Hlity captivity, ii. 152,
Kl,nuhqlm of, i, 243,
, used us food, i. 309,
Acuans, i 5 s
VOL. 1.

Darwin Cnfine: By permission of e Trustees of the Natural Listory Museurn (London

AMYGDALTS,

n tho ohango in tho
Ango, ii. 275,
. his fondcs for pigoons, .

or, M.
hair of Anmmh by
Axnan
05 i
Alauda a

o . 104,
o “Golden Ha T

47 figuro of tho hookchilld duck,
Ao, 1111, 1. 17,
Auno, nogro, attacked by insects, i

Avirxoss, heredity
Alsives, hickmis of ilm o epidermis o
th pals of tho hands
100,

. B1, 5. 102,
Albnovssn, on mbbits, 108 dmn‘p
i on tho

g
=
=

ver noti
several variotics of pigeons, 1. 207-
SH07 ot bty of fowls, . 247‘ o
thocriin o the domesto duck,
Az, Dr, on e varctes o peas
?umﬁc unity, i. 326 ; on tho
s

s i

~ L)GAN, Dol o s oot
uga geum, Ti. 165; on the develop-
of the Hydroida,

ALrAm,sulectmno{ 208,
Al fose, | 378 107.
Amaryilin, iy

| Amargitis Uzwu, effeot of foreign pollen

which 10 useful
furihed by, £ 510

)mmnls o
Y

North, mmve mmam\

812;
Souih, s e

Ay porsoe 1. S5, 574,
widals 1 o



A0y

n tho persstency of colour in
hores . 21,
Anagals arvenin i 190,
& 00, i, 34525
horsg and

G4 S i 255540
Anas vmvm-, 1 a7, 1L 4
figured, 1. 2
Y posriins
“ Ao et of Mosschset, 1. 100,

skall of,

ANpALUsiAN fowls, 1. 227.
Asvanesia m\:hng 1105,

British
Hheep, 94 ontho seloc onaf qualitia

in cat ; on n anc-cared brood
ofrabbit, . 108; on tho mhfncnnen of
bit and

aruct

threelogged bit]
IR s o pe s s

ot i ettty o

ossing varictics
i, 399; on rovanion in

v, i

ST
ooping sy by seed, i, 10 on tho cul-
tivation of tho freo pmony in China, ii.

Anpissox, Mr, on the Dumars, Dechu-
0 Namacd (it 59 on the
of the Dama 10; selection

prnoiised by tho Dutmrus abd Nowa:
s . 207 5

on Hlio uio of Erasacods
sod b oot of reeds s food in South
rica, i

mone coronaria, doubled by selection,

200
Axara poctoris, Beneitary, coouring ot
corta

in hair of animals at, ii.
3'0h 1 4, 475 rabbia of,

nd, ndisidal
oprtesd by
ioaon B el i s

226,
Am.m.A plants, rarity of bud-variation
in, 1.

Anmmuu in the ostealogy of the horse,

AN«!)IALousbmcdlnfpxgs,l 5 of cattle,

bifrons, haractans o, reproduced
i duumutw o

INDEX.

Unaer camcneio i, 157,

AmsTOTLE,

Anaer eyoides, . 257

s eyt otiginal of the domestie

oo, 1. 287 fertili Lty o cross o, with
st goose, i.

Axsox, on feral fowls in the Ladrones, i

Axracoisg betwoon i

Aulhsmu mzluhs, bud-v in flowers
5 becomes m\gu - poor o,

Ax rnznn‘mlm
in alge, it
Axtimens, cunm\umnmo{ i 103100,
5 chinged

apparent independanco

S L

o of

Anlrnluuum “maju, pelric, .
e n‘m
i

ii. 251,

niti
Avrs, huthm)mmmphouw. ii. m
- . 281;

31, oo of ot O I
gmwv_homn,chylnn .27
otin, not atacked b coreus, i

flower-buds o, e e il
p inirioun, change of vl

grown in Englund, Ji. 275.

Afiton . 543105 glandson the leaves

of, i, 231 analogous variation in the,
348,

Aquila fuset, copilating i coptiity, .

gl miurin,J. 563 i 50,

‘At baaeomn, dseibed by Hasoont,

Amm Veplaropila and 4. Soyr,
its oF v 408

Am(m n/azm. bod-variation n leaves

Anucu\us, Joung, varible rsstanco

R,
o .wﬁ.u, by of pmu and
shel o i 338,
Aria vstits, grafted on thorns
el matel s e
Awrsrori, on salid-hoofed pigs, i 7
ol duce vt
nption of male clasictes LS
ald s, . .

Au

Darwin Onlina: By permission of the Trustees of the Natural Listery Museun (London)



|
:

Anxy, domesticatior

AmST, INDEX. Bamn, 435

n of th
e of Gevaopment, 1 915818,

Anv islands, wild pig of, i 07,
‘Anvst, Polynesian varicfios of, i, 236.
“Ascaris, mumber of g of, . 5
g, e of the w.» wesgmg.
861; simpleeav -varia:

on'in, 1352 ‘ST of grftopon the
stock fn the, §. 394; production of the
blotehed Breadalbane, did.; weoy

upricous Teproducton of, by

Ass, carly domestication of the, 5. 02;
D of i, mall o, T
i spes of & 0208

181 rovrion

N AHH 4T, hyhnd of the, with
of

wi
selection of the, i

Lo adr g oa ‘mastif], . 17.

Asvens, i

Amau, hnmamry‘ 510

Anava

ATunisti, s cae of horss, 1. 208

Amxasaon, M an' the sty of tho
Taro “sillemoth mfinement,, i,

P
‘Avousox, on eri hyhia ducks, . 1
3t 403" on th. domesticaton o Wil

ducks on the Mllmunpp\ 1278, on tho
wild_eock

n o nmmm. ciris

ons,
in capiviy, fertility of Cobumba
m’?qmbna nml 1mm,mm in' cap-
tisty, user cana-

densi
A\.h\.nml ml Dxalunml, on the chiango
i. 99; ste-

ity 5 s s confinement,

ASHiotta, oftet of sasonal conitions
o the, i, 278; Moomingof, i
T, 10 goner ,nmns
derived from, i, 310; \m-lul platts o
enumeratod by Hool
Avsman, herodity
perars of, i 65
Au1Bme on persistency of colour in
ses, i 21,

ittt o

Ava, horses o,

v falua, iltonbi ity o, 1.

Asmnd Alcbory, pigeons mantied in
ey 11507

blac]
*Amcrca,
2385 ii. 200; on a variety of maize, i,

"o alog Axdsbon.
Bapomn, reeding i confloement, . 151,
“ Bagaporrex-Tauns,”
Baw, Mz, on the ok of kh'r‘mman

wis, i, 198; on Dorking fowls, fi,

!
Bagun, 5, on th orighn of tho turkey, i

By, Mr, on horedity in tho lome,
11 on tho dogumoraion of tho oo
by egle of Henrys
VAL S VL. o S Rcieaion ot
undersized marc, ii. 203.

Bawuwnur, ohings 'in the sheep effcctod
by, ii. 19
Auxcrn;ur, il 342-844; of growth,

Taw o

BALDHEAD; pigoon, i

e

Sberted, . 75743
o, i

with deficicney
Batsaxer, Mr, ‘on
breeding on nmu,

ailiy of
s (eigeons b THAL48, 916
2r2

BGarwin Online: By penmission of the Trustees of the Natural Liistory: Museur (London)



436 BARDS,

INDEX.

neET,

figuro of, i. 145 figure of lower jaw of,
o g Jaw

Bauas, of wheat, i. 914,
By, dark o rleared vaiey, i,
3z i 10; sovomion
oss variot

of the habit of, by

I oo Wkodwel-
variety of,

e
wild, 1. 513
. 317-3

i 3, ppdaction o carly pess Ly
sdeulmn

Bayaox, D ftct of ol non srawber:
‘pelnrzo-

ail
98; hybrid glm.lwluu, i,
occurrence of 1 Fnrmx among sead-
the doubling of the

Ao, o ehanges in tho odours of
‘lante, i 274,
Bty on lhe bumning of wolvc
Lo i doe urigin 4)[
"o o

; diccioumss of tho
strav 853; on the

et Amcrican strwberry, i. 200

B, Dr. “.ne of gmsm&dx s food in.

Cenfral

in of «

T
ey et
o foral rabbits of Torto
T 114} on gecso with roversed
feathers on the head and neck, i. 25
on tho young of s bic Wu\tlcmd
eacock, i, 200; on tho Ireeding of
Felice tn captivty, i

s, on the black. olfdeg o Tlo-

Baes, 1. W,, refusal of wild animals fo
brecd in captivity, i 150, 152; sterilty

£ American_monkeys in_ captivity,
i, 1 ity of tamed guans, i

B ru;u:nu. rogeneration of lost parts iz,
5

B, isd, in Per, contining hosils

Bk, vurmhxhly n{,‘m el

wa. mﬂdnlmn o[ it th et

5 periority of nafvo seed of. it
m & et v,

52 Sxperimonts 50}
S sbirivs
e . 345,

Beaw, pigeon, 1. 151,

Beans, breeding in captivity, i. 151,

Beastiex, ., roversion in erossed cattle,
4L

«r ﬂnmcn%m and wild 'w ne,
iz, i 134 200
i ~pigeo

Diybrid
zm s i Colamba s C po-
wrtar risoria, and . vdgaris,
2195 devlopmant "o purs
chun 1 2363 on Polsh Tovs, i
557, 551 on st b

the’ Can
uemmmpmmmm t rke
1203 oocusrence of horas in hornlcas

diffculty of pairi
<ot ind funcy pigeons, 1,10
7 of tamo fofrots and rabbits, i.
ity of wild sow, i ; il

ding ca s, i, 15
comparativo ity ot rmm,u o
on changes

 plunnge in cupivity,
mm o th!uumd ocie B 1o

ac o i, 220wt of xer
e cutso of i ollct
of prvaiion of |.~m i o phumags
of bis, i, 2505 on o subvaristy of
e mok-pigeon, i, 830,

50103, ey, corslafion of complesion
Wit conesption, . 35.
Tororan gl i 264
B, penistency of chamet
S i B, 120 oS
Gt pollnof
Bee-OprRys, mkmhs-
£

Darwin Online: Bv permission of the Trustees of the Natural History Museun (London



Begunia frigita, singular varioty of, 1.
o ity b 65,

Brzanay rbbit, 5 106,

T mmmm hat white cattlo

Brr,
have col
Bty W l-ud rariation n. Clstus tré-

Derion, s a0 stoon
th 30; on the fertility of dogs
AT

pigeons in Paphla-
L e of s goose, i

ﬂ:vc-mm il of i, 5.
G Bigs of tho Tucifo
i, 1 0,7 the Pacific
islands, i, §7; vumn i
planits in Tahiti, i
M, oo ths low deer, i, 103.
ber

omngo group, i s.w:m P distinetions
imond i pse 5

Spocie osay i 3

Vit e izt
Berberis widga

reris mu(m, ivents of to el

1;. mm on the hisory o tho dog, L. 16,

, G. F., production of hen-
ook . m.m. o gnetovle, i
i ssing of varici

ies of

on Grages 0 caloteid plan
181 unalogy enof highly-
mlltmmd .vlm; ‘and hybnds, ii.

n Hung: 5

on tho petal of &

: ERNARD, mhullnnca of disease in the
]Jur.\'Ann, 5 xlqm\rln\wo[ the organs.

e e ey
nandes . 190,
Betula alba,
Eiwrn o e wild utle i
Biass, referoncs {0 beeading siada. o{
orses in, i. 54 referencos (o domest
pigeons in the, diction of
Kelfction of sheep’ in, u,t, . 201; notico
s i the, i

ie, . 130,
Bicn, weeping, i. 387, il. 18,

Eanwin Online: By permission of the Trustees of the MNatural History Museum (Londor

By, 437

encyclopdia, i. 250, 247,
imer, Wyrly, on silvergrey ubbit, i
Bk, iy conend in, by chan;
conditons, 1, 169-357, > oE° °f
num;:l.n o tendency of the, to boome
uble,

origin_and history of tho
o 1. 15-10 suintions in the mumber
oﬁv?thu;‘tla s .
‘mumber of tocs fn dogs, .85 ;o mum-
m on the ostealogy of
Sl ot i s 7 s B
merican pigs, i. 77.

Bueeois, heredifa 7
Timitation of execssive, ii. 73.
Bmexu of crossed ruces, timo occupied

85 sexmal

Dukoxis, hereditary, 1. 9
S ascomlail it ittt

neration o, caused by

m

o protuberanco of tho

Bt owi, 1 237 on the

oo of i, 1. 253, Jonae
3 ed finger, i, 287 on

bud«u«lum and other varioics of tho

g4

i formadivs

B, by o tho Bariah &
ridd of dog and fackal, | e
domestieation of cats in ‘Tndin, 1. 43
aigin of domesio cay . eosing of
Gormestic and wild cut 1\‘
e moabling Fdid

ed Barmese poni on'th

tripes o i wild
Digh . 605 on Iwmnpcdmulc, 79, 80;
occurrence of Bos Trish
ernnoges, 1. bl cxosng of

zobus and common_ el

i, 130
B Btopive, 10905 Ot
188; pigeons rooting in tr

on Columba lewzonota, 1.

Benbe it of Bokcinnd, 1. 184
variation in colour of eroup in pigeor
185, 197; volun

miary dmmum.
tion of rock-pigeons in India, i. 185,
feral. pigoons on the Hudson,




438 oRTHITS.

BRAUN.

geeurenco of sub-socie of pigeons,
of pseoufnciers in Dol

1. zm{ ybrideof ol Somnerci

hybri

variations

e
ity of Gallus hmmmsm, e
and domosti of Gull\::f

50
Seeeh of Gatln Jonidoe, 5.
goneation of the turky” Todin, 1
i i 2757 on tho o of sld i,
£330; on tae Ghercinm (L
dww,. i, 42 on Asinus Temians, i
wiber of ¢gas of Gal
u- e

tivity, i, 157; co-existence of large and
small bm].. in the sune country, ii.
2195 on, o dsoping oe ot tho do

of log and

cotch wild cutl, .
tho brieds of pi-
o, 1,183 me " pouter " pigeon, 1
ice of a gliding pigeon, i. 156

7 of tho pouter Higoon,

oan cpizon .

= mum of trunsmis-
n.uulfl ii. secor

peter,
g

. inglew fomale i, 290

Boubys hesperas,

TBombys Hi
by

in et
mﬁ.ﬁww, St iy
1 Olimbas uriesla,rupesriy and

Bmmlm .pm.u, development of ovary
i

Bo[-m'u, Dr,, mwth of cauliflowers in

i, experi

of tho weeping ush, il 1

do's 297,
o, protable origin of European dmlusuc
e o th st 21

00 froniowus, . 79,

oo indicus, 1. 79,

s ongifrons, . 70, 81.

o primigenia, . 0-51, 19,

o ta

s tro

osc hcmmy A1 Sy e ais ot

Do plz.\\lchnn of double flowers from.
osst, o breeding dark-coloured. silk-
worms,

Bouomsxbia, on thevine iz,
Bouwx, on loeal diseascs,
o8 cnld (it

men, i
“Bortias 1 107,
“Bovrox X Alep,”
Bowr,

reditary peculisrities in
o imun ey, i, $-10; bereditary

cataract, ii. 79;

B, 31 o0 cattle, 1. 50.

Bracly

e e

Bnm_w, M;' =ﬁ'¢ct o gt upon ey
ok i the

effoct of
! polln \lpon &pphm 901
change o ol .

ras,” a new breed of fols,

reo-longatii,
lowers by siripes wud

eliof

Danwin Online: By permission of the Trustees of the Natural Listory Museum (Londar)



s, INDEX. BUD-VARIATION, 439
loches, i 57; urishment | Baoccorr, i mq..nmumv ﬂmmm in,
sourco of mmmm,, i E'316. ioadesom o
Tiaat, catll o, Buowsueap, W., doubling n[ ﬂm Cuntor-
256; sterlity by

cyanua i. 579;
in the dahlin, 3. 585 | on the
T d e i e eyes,

um. bigh, depandent on inberi-

Dasaoe docai, periotoncy o 1. 240,
'25-429; " arilioul. and ekl i

A1t mssodes o 1 485
domentic cats, i.

piss
"8 of cati 1.

fowls, . 255

lciion, .
ity of e vy sad

fon in Authemis,
on the

recding
oredity in a one-

By, G, e ons in’ the dentition of
Brows-Siquarn, Dr., inheritancs of arti-
fcialyy |\n-.|(chd epliepey ia the guinen-

pig,

Dhamiio s, 130
Brussuus Sprouts, i, 528, i.
Bubo mazimus, ii, 1y

of gy Towl, - 2553 e

777 toriy of the
hookbilled duck, ibid.; occurrence of
the plums 0 wild duck in do-
mestio breed, . 250; vleo of dnclm,
i. 281; ocourrence of a short uy
mandible in crosses of hookcbiled and
cla 1, 2815 rovenon in

dneks produced by croming, . 40;

o of ry-bind, i
1210 fvorits

fashion i tho nanry,
mcm_;, e meni from.

and finches,

aroling, i. 3

B)gnru, mé,ﬂ.,u the dogs of Tierma del
e, . 80; on the o o 4
by e Facgan W

K‘ mymthehﬂn of ab-

\ T cnﬂ\mnn T
-«rm" of partions of

rossing of do
3‘1) 3 Iln\m-.h o e m mh‘m
3:105; on the rumplass fo
on o
i

Buktan, + mm-
ber of edgs in o codfish,

By, M doubts us o the importanes
of nhnmnnoe, ii. 3,

Booxuer, Mg igoons oosting
i trees 1. 1

exltivation of Are

Bwv(llmtn, m]nnmm {owhito pigs, when
in flower, i. 55
u\, s

Buvs, dvontitious, .
Dipamon, & 375411, 1. 254, 257.

S e
produ eculiar to plants, i,
s mmpmh, 340,574  in plamsy

in the cherry, fbid. ; in grapes,

i oy, curmont,per,
and apple, i. 876; in the banana, ca-
molli, huwiborn, Axales indios, and
Gisu iricueps . 77 1o the il yhock

and pelargonit, i, 578 ; in Geranium
m!nueludthcr!;;vsn o 570;

in sweet w
inkes, muu, ind
i willlow

ey ssn
clamen, ot
fachsias, and Mirabilis falapa,
2:in folingo of various troo 1
m,m In eryplogenie plast, £ 865,
v.b.,m.dlmmnn,“ 81
bt il tho pot
Lin, i, 385 Ly bulbs

§:

bid. i the
in Tigacintis,

Ganwin Oriline’ By permission of the Trustees of the MNaturs) History Museun (Londan)



440 BorFoN.

Inmatophyllum miniatum, and tlip, .

oiiel g

lo
summary of observations o, 466;
Burroy, on erossing the wolf and
32 inerease of fertilty by domos foa-
‘plants by

i . 5
sy apual inuence of, on ofprg,

ations of i. 42.
G, breoding in capt ny 134
ing flower-buds,
um‘m e

.

“ Bixprserscmweny,”

BuxtIN, reed, in captiy

Deupact, crosing of dom
6

ottt s i ot o
10 barle
Bun inheritanco in the horse, i, 10.

Burlingtonia, i. 185,
DA
Bumess ponies, stri 8, 5.
By, e &, o0 s e A oA
98, ii. 278; varicties of the vine in
Grbocl, 1, 8333 hawks, fmined. in
e o0

uox Constable, w.la oot aty . 84
“ BowmTavses,
Bossonau carricr,
o wluri iken of e,

Bototarins, polymerphic, i, 90400
Boiamamorse G de iberiones of
rieks, it

6

Canaxs, pears grafied on tho quineo, il
259,

lowers
(v! H m 55 eulionind ? anc
classification o

55 !
L, on early cultivation in Drazil, i
cA‘crr'g, growth of cochineal on, in India,
ue wid iy Euwope
e it x: fice of fowls in
Brain, & 246; notico of iho imporke |
fion of orcs Ly tho Celts, . 205

INDEX.

1. | arens owis, 1.
fircistgh oy lnmh of cattle pos-

4
sensonal conditions o . 214 et
flowers in,
“Casoxaos,? o Columbinn breed of otile,

i 88,
Cu.vm, Mr, on a scedling peach pro-

s both peaches and noctarines, i,
CALYX, segmonts of the, converted into

il i 802,
O, ifs dislike
181

to crossing water, i.

Camlia, bud-vaziations in,
iionof vsieia o 5. 2
b

7; recog-

s variety in,

Cu;:mn D, m. 2 e cultivtionof Alpins

plants, . 1

OAuu«om;‘ ‘Bartn, valao of Bnglsh bood
orses, . 11.

mdi
heritanca in, ybn(l: o i &
period. of e
e oot o

of perfection._in,

variation in, i. 349;
Oxxce, heredity of, ii. 7, 8,
Oaxove ot A R

tandard
; analogous

Canis argentatus, i. 151.

Canis aureus

Canis mm-ru.wm,
sod in Guios

Ganis cneron m,.mm,

domesticated and
a, i. 23,

ii29.

s, i,
om... e e
23,

Catis atrans resomblance of, o the THare
adian dog, i, 22; one o tho original

o.mu lupa‘lzr

wpus, i osomblanes
W, o North American dogs 1, 2

crossod with dogs, i. 22; oe of e
original .u-c)u,, %,
Clanis mesomelas i 25. 39,

Canis primwvus, tamed by Mr. Hodgson,
6.

Canis sabla

G el ol orgial of gy~
ounds, i o,

Canis fhald

Canis vari

Cuenmuauur Bl 3habled by selation,

| Cura'of” Good Hope, iflrent Kinds of

Canwin Online: Bv permission.of the Trustees of the Natursl History Museur (Londor)



cApERCATLZIE,

eatlo at fhe, i. 88; no useful plants
derived from the, i. $10.
brecelin

Cummpounam, rsclog a captiity, i
G st 11 Tt -
Kl yarentsof domesic grat, 1 101

Camoa, o ‘on n varicty of the walunt, 1.
356; om grfted walnuts, i, 259-260.

Cawoo, i 34,
lares vigida, local sterility of the, ii.
170.

Camin, early e - 208

Canisi T
aritio, . 6,5 of plydactylim, b 13.

CARATION, bud-variation in, i. 381; va-

nnbl\lty L g B
d_white, i. 398

red
oot of onditions of Lo on the,

(‘uz\lvﬂRA genenal fertility of, in cap-

cAm..m Arlipelags, cats o, 1. 47

G, i

i, varintion of, o eultivated cu-
i 330,

meration of bone,
Droducton of double monsiers,
{15405 munler of cgg in an dwaris

zwcmba»m. 362.

Carpophaga lit ind Tuctuosa, 1. 189

Canmg, .ngem\,, 1o, Englich, i,
141

S intemaacite S koot 1o
and the peach, i. 338; glands
i pench-leaves, 1. 343 bud-variation
in the vine,i. 375 graf(s of Aria vestita
thery, L 467, vuriabilty o

of E
nor,wild, et o c..mmmn onthe,

s reversion in_ thy

- 113 3
2 séelimatisution of they 1 Tt
Carthamus, skertion of the pappus i, i,

Cm\'nnx‘ enltivation of native plants in
12,

Catraay, h\u.l-vn atio 1 i moss s,

i, 3803 on the ovales and pollen of
Cotins, 588555 exvaig of Criats
urpureus aud C. laburnums, i 359, trie

INDEX.

441°

oaTTLE,

facinl orange, i, 891; diffbrent
Sowers i the wild Vioda luedy
1. 408; steility of tho horse-radish, i

e o
(,Anm'non, mmmpuou nf hnmlu cha-
ractors calised by, ii

e 4

céronsng of with il speicy

1 44-15 unnuunmﬂ | 4 -4 e
35

i i, i, 14
..r atnpm in youn

\.mck bk

ng
iyl slcoiom

54, 236 m.,.u. of intestines in,

902 Wit e eyes,

of, . (R ed |

CATanion, Kovtary S5

Cammmrmaws, ot of chu\gcd food on,

heir probable origin
original .,.m.»,,x 79-52;
or Zibus, | ;
93

crossing and scgrogation
rosses of, . 96, 104, 118;
103

il
ports ini

rudimentary horns 31;
Dosed influches of humidity on the

bt

Earwin Online’ Bv permission of the Trastees of the Natural Listory Museum (London)



eristata,
il SO
315, i, 205,

Crns, carly cultivation of the cabbage
by the, i 821; sclection of catllo uud
Lorses by the, i. 20

Gt ol o e o, 08,

Contaurei cyanus,” bud-variation in, i.

4, spermatophiores of,
i fruited,
Cerelepts, sty of, i

5

Cercopithecus, breeding of @ specics of, in
captivity, i1, 1
Cmyzs, i $12- 318; of the
iod in Switzorland, 1. 817 ; ulhpm—
o of o sols, . 803,
Goroe i 38
utspeioinnss snd phyladiug o-
ersion in

383,
1.
ity, i,

u, % Sha >

Cerous duma,
Cemaces, correlation of dermal sysom
and teeth in the,

O e o ! mesitapig
orops It crvssd with dato
palm, i.

OBt (oo e e 1, 168,
Cigpws s, breds iy

(i Professor, peachetrees  pro-
ducing nectarines, . $41.
cual

Gy E, sox diari
Digeons, 1. 165, 14) ook pogucsd
st male upon o s ro-
geny of the 405, o

i wnon of som e i

manaonaus, fcty o

136, 305400 eontianed divergenes
i uoﬂgnnum.n 401,

s,

[ Cinnucaons,erder a8 o the slection

ions, 1. 203,
wild caile of, i. 8.
w«m m\exnan of um u])pﬂ' seeds in
s of stocks,

ek, on Ty
Cnpusiy, M, crosod -
bage, if, 130,

.A‘n. ‘general sterility of, in capti

Chuvai»ﬂm. cleir, . 382,
s, 34,\ 48; bud-variation
573 it Tarasinn. i m viricty
s . i1.282; period of
glrmuon ol Saangod by o,

iz, on crossing fruit-trocs, ii. 120,
Citems, differences in characters of, i.

249-250; white, Jiable to' gapes, i,
228, 336,
ook, i, 275,

G, sheep of, i, 95
st catile, identical with Bos
primigeius . 813 charaters of, .
o
Guunon, alt ustes o
G, cts ofy with drmp\nz ears, i, 47;
gl of,
50; asse of, . 62 lmlxmo( ‘rabbits in,
by Confucug of pigeons
s of fovls of in
ﬂnm.u. et b 508 5475

Cmm..m, fertility of, in captivity, i,
152.

Cugse, mlwu\m prucised by tho, i
204.905; preforonco of ty

tho
valueof mativo breeds b iy the i 13-
s, or Himalayan rabbit, . 1

i
CRivos  bread of oot Fareginy,
L.

o s ot o s
T Avalingn . b 51 e
dino forns bibween Pinus syleestris

Do
O et of i, s

‘Cmeassua, horses of, i, 102.
conersios, i, %

Conmruprs, olagonais o i, 95

Gistus liybrids”of, i
536, sss i, 140.

Cistu tricuspie, brd-variation i, i. 377,

Crmmoss . 434,930,

* Gt avratiem fme(u cariabili

oot
Cuntoiy, ab s in Persia,
i

e e

Darwin Online: By permission of the Trustees of the MNatural Listory Museun (Londor)



s,

INDEX. *

conpmINE. 443

trus medica, 1. 535-336.
fietl G e L
Cu on wild vines ‘in Spain, i.

.

Cuemioxr-Toxxemms, on the St. Valery
appl, i. 401

Ouapiad, A, bud-variation in the haw-

thor, 1. 377
“Craquaxe” i, 158,

Jorations i the manys of gons i
102; bl rotum of Musea

R gommation,
i. k0.
o mu, BT, uterrosing of st

mnm . esbeioton, of odks, 1
Cm.sm-, My, prseltivaton of tho

iy,
Oikmimontioy,explained by the theory
o el elétion, it
Cunsars, ot f,ujan beads of dogs,
;o e ] m‘ -
. 52 on the flacee urm ep, .
on'sceds of wl

Cunixxand pasture, adaptation of brecds
of sheep to, . 96-97.
Cupuarn and o, olfcts of, upon trav-

Gurss, M, on me el in horue and
lmm\euu T, i
i i Jfearia,
i,
Oromason, hsbrids, f yarions tre, i 10,

Cuoves, pelorism
Coptn i, on murlweshng pigs, .

T o i, 20201
pm {wmmux o !vg\lnt,
sction of e L
el vt e l\-'urul,
INEAL, persistence of, pre-
Loeace of, for o parteilar muu. 3

Gatio gevncy

i, varieties of he, i, 365,
uumm of ' silkworms, variations in, i.
2303,

Covrrsm, bulldog, i. 89; number of eggs
i the, . 875;
Cal Il)geuy‘ paca, i, 152,
L% prepoleney of tho ass over tho
lmm, L 67-68%on oo rdin
hango of dict

in horses, 1. 5
itanco and dl\umn o ind ries, i
533 variations of, i i. 6261

R i
i 524 ; corelated
5-

i , i, 227.2

in liead and Timb,

i i pomieny
538,

Soua i s comdation of, i 525

cal scunds, i, 525,
Cosocns somoies ot lendod by eross-

Goluiia aﬁmy, Blyth, o variely of C.
Col .nmla umzm, Brehm, a variety of €.
tieia, . 183,
ia’ i

[t
Col u.ml e s it a0

e umba wrmpr’ml’mm, ybridsc it
. 1985 with C. maculoe

Columba. intermai, tricland, u vaicty
of C. livia, 1.

bkt 5 155

Colunba leuconota, . 182, 195,

b migratoria and leueocephala, di-
miniched Gl of, Pk

i ol
on pigeon e ﬂww,mxmzmo«, i

G 193, i, 850,
Coluinbe pupeetrisi.182, 184, 195.
Columba Schimpert, . 184,
Colunba toratrie i, 850.

Columba sk
Cottunra,eatls ot .
Cotuminey doe, - 603, i, 390,

Banwin Cinline: By permission of the Trustees of the Natursl Listory Museum (Londan)



cotvsmrs,

Goutments, on wm Indian dog, .25,

Coueiz, on T ephend's dogs
sy Tovloch B S

29; on the keoping n{ﬂmh

on’the selecion of- secd-ooh

COMPENSATION of grovth, ii. 342-544.
oM socizion ot with ol

tion, ii.

Cowrotrra, double flowers of, 1. 865, it
17, 016

Coxar in_Alderney

and
Tetinn Gows. than in’ othir reeds
Comrtios of 1, changed, flct ot 1
4134197 s, 1. 537
Tiation fn. piscons i
heat . 315316
in producing bud.

12513} wpon
i o trcs, . 351

Vaages o, i m.um,m te-
ility caused by, . 1 duuva
o variability, bs-zul 501

malative action of, il

action of, i, 271282,

Goxvon, brieing in cptiviy 154
7, eifce. of, upon the

261208, direet

Cowre cns, on the breeding of rabbits in
Clina,

o Angﬂn\ goats,

LuVrnn’rm\

7;
3507

CoNsTrTUTIoNAL peeuliaritios in straw-
berrics, i. 333;  roses, . 367,
Comurnow.nmmm, 8; period of
ronco of, i, 773 ecrelated with
complexion, i,
NTABESCENCE, . 165-166.

NTA
Convolulus bumm i, 169, 309.

Conveluudus tricolor, bud-variation in, 1.
408,

oo mprovement of veglabis
by el

Coorm, Whic, mm, peoritio

of m c,o,w.m i o ot ey,

Cotat, bud-vaiaion in, 1, 374

diffusion of coll-gemmulcs in, i.

Gomit, o Bottad,

Cony city of, inherited, i, 9

Cornus mu!mlu, yellow-trite |

ConneL: 3197 of nelé,lﬂmutmg
g ‘o change in the

non-
79,

Darwin Online: By pemission of the Trustees of the Katural History Museum(London)

INDEX.

CRAWFURD,

[ bty and 1 same o 10 purt

mmmmg\mg of,
o cte of blhes g, o

CDN(ILATID‘! ot skl and limbs in swine,
3 of bristles in swine, 1.
torus and conrie-
ness of \nn\ in ﬁ}n 95; of beak
and foct i, 172178 between
nestling owas and colowr of plumago
n pigeons, & 1043 of chung
omms i plante,
215 o 1
ORETOXDIND peiods Tuliritance at,

muETES, dwarf cattle of i
Commrxonia Mr. ufluence of selection
95,

. poni
“Gowrm.ns" Tlgwny ot Atdrorud 1.
L'Dnvu corone and C. comiz, bybrids of,
cw,auz,k lower of,

rydalis cava, ii. 132
Corxti e st when plos .

vydahu tulerosa, peloric by reversion,

[
e b e st ton
England to the Moditerrncan, i, 250,
R
Com, inheitage of Loss o no born in
23; amount of m
development of

Cuaxes, fertlity of, in captivity, ii. 156,
Orategs ompacanta 3563, 3. 16,33,

it ogyma, . 364,
Grateges oo St
Cuawrun, I, Malusian cat, .47 horses
of the Malsy Archipelagoi. £, lores
m, i 58; oceurreice of stripes
in young' wild pigs of Malucca, 3. 76
o hairy fanily with de-
7,827

B
 tec Jupunes origin
of tho bunta, zame fowls of
ilippin 2 ybrids
et of Gatu sk
; T o intho Peley s
§ Moy of tho v, i 2167

fie ot 3 um
mestication of the
vited plants of Now B eaad, | 312




cnEEpERS,

INDEX.

DANARAS. 445

breeding of fame clephants in Ava,
150; aerility of Goura coronal, o
eeso of the Philip-

3, i
)wrloffuwh, i 280,
oy fuwl i, 227 figurod, 1. 229,

R i ot

Onbye-cu,” o Frenel

fovl i 2 5

O n. the brains of he haro and
mlvmg i, us

Cnoc
s

in I{mmmullu o i

¥ singula fom of Begoni
186 P

Cross-BREEDING, permanent offct of, on
the female, i. 404,

sof, i, 114181, 174176; nocessary

nsome Plants, i 151-140 173-176, 25

summary i . 14014 of

dog with walves A  North Aumrica,
21

o e
velopment of the eyo-peduncle, ii.

Crxrrogano plants, bud-variation i
385,

g of, i, 27,
sulbrodds of fowls, . 2
o, varaio in et of engls
L 300 mupposed emssing f -
igtic of the, .

i mm.dmm 360,

ativa,
vt nlation o lave o,

it of,
clcmmm, s.». 360;

\hm\ml observa-

tions on lw)hmh of i
« Gotaestas” (igeons), 1 15,
Cutatyatio of plaats, origia of, among

OumuANTS, of Tierra dol Fuego, . 309;
‘bud-variation in, i, 3; el

Cvmrs, Mr., bud-variation in
it the rose,
Covirin, on the gestation of the wolf, i
597 the bloue o the Julaa
o dnmcsllmlmn i. 3 mmm of
ho sl n dogs external o
ool elangmu.. st
intestines in dmzllm piss, 1. 73, ii.
ok-billed dincl,
hybrid
ding of

predac s \; s b ! in
ity,  fucility of bybridisa-
tion \nwvmmvmenl i, 160,
raxosts, affeetion of fi
Grctawe, bul-viriation

g]nm}»m
wips fecw

uce,

. Adun, i,

o0 dmunn&:‘ gt of i a8
Yytisus alpin-laburnum, ovulés and pol-
om of, 1 550 arigtn of, . 390

355,

- %7, 8, 600, ol

Outiss murrat ol and
ollon o, L 550 prgdueton of.

Oytisus purpureus; . 38, 538, 980, 520,

Dawmiow, effets of food on hymenopters,
i, 281,
Lo

147
i,

Taont of, by selooton, i. 316, i

caltvaion o, i, 267 ollt of con

75; corrclation of

cken, 1. 8555 Swan

Dacsiar, varietes of wheat, . 314,
Dyuapt,change it alours of plants,

on consanguineons marriages,

rsx, hereditary, i, 9,
Uw.«u\s, caitle of, i. 85, i, 207-208.

Eanwin Online: By permission of the Trustees of the MNatural Liistery Museum (Londac)



DANON. INDEX. DEVELOTAENT.
Daxsox, i. 847. of the gooscherry, i, 854; sclect
Daxvord, m silloworm, . Rt vis froce . 8015 wikd
Daie, ferti , o g dogs | - Bk

Sierm I i

161
D Middens,remainsaf doga n, . 15,
horses, asscs, and hybrids,

om0 ﬁzlel:.l:d\aff.hal’nh
owl, . 262, on the productio of mon-
strous ehicken; : co-existen
momatics, . 3511 productonof doubla
ters, . 340,
hered

ity of good qualitics

Tepusmay o 113:

wild potdto . 550 die

in tho ,,.;ny,...um. and primvee; i
ment of vegelables

7.
citions in tho number of
momme o dogs & 35; proprtions

i i ol et

inthe \\'uﬂnzhcl.l 08,

tion of Bos longirons in l!nhnu S

Duararorss, novheredity o,

Dearsess, inheritu
bn\lx oF oot e el

s,
D Gieter i number and orgin
of cultivaicd plants 6-507, 5713

ions which have (Imllslvot.lnn o

;5 ori 3
826 an tho ving, 1, 853 1, 308 cultic

k. the ora
B et Chines gl of Uhs
d}('ﬁ'ﬂnﬂw ach and necta-

origin und \'umhuo“
origia of tho cherry, i

mmqmty of races of plt, i 420
Dx Cax .

Npotr, P, non-variabilty of mono-
typio genert, ii. 260; relafive develop-
ment of ek ‘aud ol i Haplansa
satin

Doues, on ﬂw cultivation of tho wild

fondr varicy of the pench, i
D Toms by femal,
31 impertect dem?mm of horus in

& ona voyge,
e, fllow,
Deswioud, Sooteh, difference in size of
e sexes of .73 detorioration of, .

s 0N of highbred racs, wder
neglect, .

g bl awberries, i, 852, il
245 saflbarked pears, . 51 ; on s
camulativo varistion, i, 262 ; résistanco

107, 112

ribution of whito on dogn
m the Cape of Good Haps
147} cata of Madaghocar, 1 47;
o 2 T
.76 French broeds of catile, i.
 Borug of gonts, 1 102; on horles

Din B, o the Anglofesci o6 i
Americd, i, 276,

outes, umber of varcisof s,

!

Devay, Dr, singular case of alb
T7 on tho marringo of contine . 1227
on 1o ffots o cloe inerbrsedin; .

23, e
Deveiorumrand mefsmorphosis i 355

DiverorsmT, arrests of, ii. 15918,

S arictics | DEvesorai, embryots, i 300 65

Darwin Online: By pefmission of the Trustees of the Matural History Museum (Londor)



DrERVEY. INDEX. a7
D'Hwvey-Saint-Denys, L, on the yaomi, ) ato dovel m\oni
o mperialsice of e s 3. 205 cock i 350 o
Drtous, orility of the, i capiviy, it <
i ment of webs i Polih Tous

‘Duanrres, ocourrence of, in three brothers, | on tho e of fouls 250 ‘origin of
i, 17, the duck, 1, 2771 5

of, ii. 165- anlnl. i. 27s d ‘mm \tion ol’(lnu

; hybrid varieti te,

7, o0, 1957, vor faenty
b AL e e R urkeys, & 203

urkeys, . 293 ineus

ory instinct, of n\onvnls of non-

Diaitlais barbats, siting ress of oy il 44~ avension

Diantus mwuphyzm,, ssl, tho_dove: to pair with
Diantius s,

ﬁncy i, T 1081 oty o sy
. 112; geneml sterility of tho
. 156; fertility of

167; white

45 non-revorsion to

i 56,
d Polynesia,i. 14, Domuzriores, nunmmnnsonmmby tho
iy Abiponcs,
Disr, nlumrmn, i, 303-30¢, 5 i o4, L 16; anlent brods of,
Digilali, propertes of, affted by enl- | 5 17,1 4205 of ne i

1, i 265, i, 1. 2529

i858, gesiation of 0; Bairless Turkish,

s ineitance of ) 73 fumily | £'50,i, 297 inter-orossing of diltrent

ity o, 1573 Soherited ateonc. | el o 1 17 s ors of o
503 3

ites, i
ii. 3313 X
rai L | cortain

pp g lermato goneatons, |1 85 and e o of

sTENrER, fatal {0 Whit terriers, i

Dices and s f purtn, it o
80, 552858, 418415, in the :h:Man bing of tho feet

its,i. 124128 in pigeons, i,

o
Yersion i

o o Pasihe T hlumla o7 o,
mongrel, i. 92 mparative fiollity
of enossin; Mrem brveds of i 103

tic fowls, i 230; cmnmg o{ Gzll(m
L
ulnr}m o[ M»sckl 3 Padua
SR

e
o, 1. 248 |

Banwin Online: By permission of the Trustees of the Natursl Histéry Museun (London)



448

‘DoMBRATY,

imo Ly, i, 903 kit of
diment ot Fnbs i, i 515 .mm,.
Lof ith foo i, 1

s,

rficed,
3i2: ki lmlago
i, 349; extinetio

i,
Dot 1. By on tho suea, &
6347,

Donmmokrion, smntl ponts |

5406, favourable to cros
m el nerasd b,

e animaly orin o i, 160-
161; occasional sterility of, under
changed conditions, ii. 161-162.

Doxori, Dr, erodiary hypermotopi,

meo‘fnwl . 227, 261; furcula of,
rd

148, J., crossin
samne-fowls, ii. 92
Dowixe, Mr, wild varictios

of the
tarines

th

ston. merican

varieties of the peach, i. 343; Nor
merican apricot, i, 441 vari

;;‘xm on Fragaria vesca, i. 351, 352,

mm}v. Léon, on Cecidomyia and Miso-

otetion of porching babit

cmpi, . 5.
ch(‘ i,
the, i. 182; feral bybrid of, i

INDEX.

. 301; rejeetion of bones ‘.r Decx, pangain, bybid o with Egyptsn

Do, wild, diffeulty of raring,
tion on, ii. 278.

284 ogea of, L 981 eftolsof e and
disuso 234-286, ii. 298 ; fem,

sump
crossing of Labrador
7 o frilly of, by et
2; gonend frtity ot i
t, 5 1073 inereaso of &

én, Aug, breeding Of&wflun in
brinchiforous sage,

Thoge ool b B ool |
Duwzav do In Malle, foral pigs in Louisie
ana, i, 33 feral fowls in Africa, .

bud-variation in tho pear, .
duction of mulcs among the Romays,
i, 110.

Dusicyon i 1. 2

Dozt mbbit,i. 107,

Doneat vl pigion i 181,

Dytsoa, peloris o th laburu, i
16.

Duvat, growth of pears in woods in

ranice, i, 260.
Dovar-Jouse, on Leersia oryeoides, il.

Dovior, selfimpotence in Lilium can-
didum, i,

Dazo, variability. in the churcters
aud habits of bees,

Eauwr, Dr, on colourblindness, il. 72,
528

EAns offiney mbli i, 100
n brects of rabis i

deficincy

mcmxry, i by, 1 ihx
rooping, . 301 foson o, 5. 34

Earo, J. 3L ncy pigcons, i. 145,

158; variability of characters in breeds
1 ; reversion of

igees 10
98; on un»ﬁmr‘ymg,? .

Drecing onpigeons, 5. 120; proy
of p.mi’w o7 1vs; mm}i\m

Darwin Online: By permission of the Trustees of the Natursl Liistery. Museun (Londan)



FOUTNODERMATA.

fucad tumblers i tho cgg, i 226; |
Archangel pigeon, i. 240,

i 159,
Bttt it su.nln hybrids of,
VT Tt
i ot o decel yeten
aud tecth in the, ji. 328,

ol in Zarus
ot o . |

o i whoat

in o nerly Lh»mug,l\hred s, & 573

in foals of
Faas, of mm-, characters of i
riali Ao

mm,’m‘.mm; dogeot L 1718, ancent
domestication of the pigeon i
absence of tho fow) in. aacicnt, 1
xum-mm e bybrids o, with pongain

n,mms, Bot, multigle origin of the

e, male, confared & o Ppremature ‘

Eusuen of the body, functional indo-

‘pendence of the, ii. 368:871. | ®

Euermaym, its ety i captivity, ii.

x| Trish, comelations in the, il. 333-

mm i Walter, on strped, I
s Tl domisic tud Wil svive,
£ i G

153 Tl pigeoms,
Totan tamblerpigoons, 13-4 gt
..ue....t‘n.a mﬁir’y” 155} Gt

, . 2
tiea U cultiaio plants

i,
Eux, nemly uvugmon Sorish ity of
the, folinge-varitie:

Lw,"m,.mg. 3615 nonopmim}ed by
pa..mm,
iy o, 112 fusion of,

saseafras, i, 74,

b G, domceicatiogof Bos

me

difeval fimes, .09 s “ugainst e |
carly slaughie of i ty 308, |
oi

PER.

TALCo,
Ermsunnz, dovelopment of the, i
dmldmm cinnabarinum and B, sebra,

rmmv, hereditary,
KD, Qincass o thawhith vt of cattle,

i 37,
BrtcAcE, requoney of confabescenco in

e
BATHONTES, an tmprovee of hores by

sclection, i, 202,
o Cailed Kirghisan o
u o dogs o tho Os:
Erodin, i
Erylini Oriagalti wnd B, ertacsa,

lride of i 555,
Esquias, Mr., on the aked young of
duncolored Dicons
EsaUDiArx. dogh, helt Tesopblance fo
2 lv‘) 3. 21 seootion of, . 206
ivpEs-DISLONGOANTS, on’_apponday
under!he;nn oL pigs 70 T

- o e arma bl gy
o
VBT, pansics grovn in his grden, i

368,

iverest, R., on the Newhoadend o

in Indin, i. 36, ii. 305 ; degeneration of
a, an wild

e
o e o B4 o o e

itary elangation of hairs

Eu;.ms inherited peculiarities of the,

i 8,

Ermos, M on gosation i the dog &
30; variability in number of
in (o piz, . 74  Individunl teility, i
162,

ba wgaris, 5. 350,
Faux, observations on Bylops triti-
5 s 1. 813,

Cagus syloitica, i. 19.

Aiiwzgyen, Mz, production of doublo

e o s .

o of young plu-
158

, . 230,
Faleo o, opuating in captivty, .
Faloo tinunculus, breeding in captivity,
ii. 154

2a

B anwin Onlice: By permission of the Trustees of the Natursl Listory Museum (Londar)



1450 vazcoxan INDEX. P—

siz0 of ogzs of fowls, 1. 248; yolk of
cgEnof unotovia' 1 240 early pug-
nacity of game-cooks, i, 250; voice of
he Malsy fowl, . 209; offeots of inter-
Dreeding on fov] ;

B F“im m
lanco bo-

mastifFand goat, i
Tascoxs stellity of. in i eaptivty,

Famay Ll ands, Borses o e, .5 Ve e ening

pigs of th, cntil  unlimited mutial, of brools of p

o[t.he,le 55 o matits of ot gma!, i 10101 mn,mm.u of mon-
rels o

attow doos, 103, 120.
. 146-148, i 227 i

‘ured, m- i of, figured, i
To7; history
dand in, ium. Varicties when crossed, i. 18

Fanor Island e, specis of, pm,umm by bull-
Proge il g gty SRR Bl

Futners, spord by fou
FasmoaTs troes, i, 277, B18. Fupen o U broling T mashiteras
B of, i | _tritons,

“ Favounrre” . 65, 11
oy, ‘homologous variation

N00iTo, 1. 326,

rm of ofpigeons individu diffrn Fim, Scoteh, acelimatisation of, i 310
conlatons f exloa gl 1, Mr., advantago of changs of sl (o

plants, .

Fapr nnd heuk oerlsbion ot in plgeons, | T, vegemeeston of porionsof e o,
i 55 varabilty o, whon Lt it
marine, living in fresh
804 double movsters of, ii.

eaptivity, . s
water, i

340,
Fissiox and gommation, ii. 858.
Fion, Mr, porssancy of o variety of

o pea,
s, survival of the,

Forunat origin o shedp, . 1; Afrcan

maned sheep,
imomn f Saractar, condions of i
cussed, ii, 62-64,
jt Fua, oiud in tho BwesIkodwellings
T it . 45. al differonce in products
e ST i a1 885, | 4

358, 2
Finagn fowers,in male panicl of maize,

i, 274,
Fuuior, finness of, in Austrian merinos,
i 197.

Funcmias, on Germn sheep orossel

P, Tl on ity of. inos, i, 885
Fenar, oafs, 1
LIS i o1
Sl and plants, roversion i, . 3254,

ppoed_plurality of
oot domatio o 251; ehickens
%m game-fowls, 1. 244; relative

Darwin Online: By permission of the Trustees of the Natursl Listory Museumn (London)



PLOWER-GAKDEN. INDEX. GALEOBDOLOY. 451

mummv, ealiest known, in Eu- luhlammﬂcrfmmﬁmil i, 506 Po!.\l.h
217 a
Tox, serilty of in ity 1100
Fox, 8. Bovin, facesof bees, , 508,
Fox, W. Darwin, e Exstation of tho dog i
reversion of
peri

used by condiionsof hfc.
i, 275; rudimentary,
position of, to th axl A
o o |
Foury, O, wild ‘vasicties of pears, i. |

of
m...».amnhmm 362; "ok efiets of close mm»
ion, o, Sut bodesntns friing upm 0

ol white. cats with blus ey

mﬂuumu of on tho i, 1. 72; o0 g
of, & cause o FoxioUN: ii. 120,
Sabilty, i, Fragari 351,
Foms, D, o Chiian shoep, 1, 98;
o hors of Spain, O , ad the of Duchosae, i, 355,
o P
Fonmmv fa i 251, flora, . 851.
sterility of the sweet potato | Fragaria vesca, i,
giniana, i, 351.

Frasinus entisifli

foul notioes of . u— 28,
reversion ﬁl\d anal

s of i. m mmy
UEAT; ¢ strutural cl

, varicties of, occurring wild,

| m My ferile ybrid cae . 44 on
r.»m Tow

50 of parts in, 1. 270274, 11 308 nl,
100 8¢ yol duciylin i,
wtility of, incroassd e
nder sarii |

o ~<m', poruitc, i 264285
s and variations of the,

of,
i

of, i
Fosion of homciogoss pars,

ﬁemurlofu S vomn: Shiasiois Arbipeago, its pecular
S nd foo, |

| Gam, inhertanco of peculiarities of,
| !
‘ Gleobdon e, a1 59,

2462

b arwin Online: By permission of the Trustees of the Matursl History:Museun (London)



452

Gavs, il 282984,

smmcmu bmh restrictod rango
D57 gomeen onity ot e |

o .m

Gallinuia bﬂrpm
Gallinula nesio

Gavrox, Mr,, (el of guvages for
m!g. 20, ii. cattl

Bﬁng i on huu.\mry mleut

4 G, of oo, 1. 554, 08
35 :';aﬂ,, of o . 501
in tho peach, 1.

of races.
s

it . of forcign pollen on maize,
taneous crossing of oranges, i. 91 ;
Tonsiositics

o of werlty i
g of ordinacl
l 6¢ terili v

of slocton in e

iation of uu- o amngs trec in
or Ty, . uraisation of
Rt
wneus, n hybrnl o! o

S, s cighiah of do
mto ol L158 086955,45

fowl, nearest to, 1. 221

G. Soune

habits, i. 285-236,
of various broeds of fowls from, i. 260
occipital foramen of, i

¢
Galus Someratts, sharscters and Tiabits
of, i. 233; hybrids of, i 284, ii.

s Stanleyi, hybrids o, i, 234.
jus Temmincki, probably  hybrid, i.

Gallus varius, character and habits of, i.
234 ybrids and probable bybrds'f,
cae. T, i sty Sclonfon of

the pansy, . 308.
aamrows, | 126, 20, 91, 23

Darwin Online: By pefmission of the Frustees of the Natursl Higtory Museun (Londar)

INDEX.

| Gam

GEMMATION,

Gancuazo do la Vegy, anmual hunts of
the Peravian Incns, i, 207. .
o, M, migriory ‘propensities o
Ghybnd ]1) i 45,
o Do naseiy gouk .
Gasear ks, founiod
on stigmatic characters, i
Gauvptcaavp, bud-vasiation in the pear,
; auplo free widh two Linds of

andifora, |
trilr, .3
grandifora, 1.

iaria 351;
Tudea
the nestry of Vil

qu., - domentication of tho, . 82

s, on tho sterility of hybrids, i.
2, 3. 1 uired sterility of vari
ties of plants when crossed, i.
sterlity in transpl
tho

Topolus
i vari of
Yariable hyhnd» o

vatiablopurent

tenco_in_ Lobeli, Mmmm, 1,»1.-:;..,
+ on tho

i, 7
, in_Achillwa millefolium,

't of manure Dn the {emhcy of

pthi BT o o

| foits: iy,
2415 v:llnnﬁ nf llll'-‘u

| Guess’ amores) genorad it of I

| T,

ﬁ:

NBAUE, on the number of digits, fi.

| Grnuariox and fisson, i. 358.



omorLes. INDEX. Govrox. 453
874,876 | Guuvam, Brof, oriin o n of tho dog, 1. 16;
reseanblance” of dogs and ckaly 5
i taming n[  thodackal . 36;
_ ber of e
GrxERaTION, alterate, i, 361, 867, 390, | dogs, i 31
GENERATION, sexual, i, 335-304. iial mo ces o s, e
i . 7. of Ocie, and domeeti, b
bite . m mbb ts fom

Mount Simi
carle its .
| ms lmmclunwnhdn\xbhdllmh!,lh

Grnmies, or cell-gemmules

581, 364, i
G, fertility of the, in captivity,
151

| o emmwx, in tho dog, wolf,

A Rt ]
oL, b

Grireis, inbestance of pecuiaitesfn,

Hilaire, Tsid., origin of
 barking of & juckal, 5.
27; pemul fgcsu\'.w and odour of
1he_Juckal, f

“E‘H(K)MIWK! o sub-breed of fowls, i.

P5
proportions »(dogl! o webed et
of Newfoundland

e e,
[ pey 0 ot eromnedlog n the

mm coordination of structure of,

Gimatp,period of rpeamc of pom-
| nent tecth in dogs, . 5
é ]Xumnmg\l('s, “ipheritance in
1

"o I  tevérsion by age in
ot | et 58 raneis-
280; palyductylics, i 12; sumpion nnno(chsmclennahulv and catile i
o malo clamcters by o on croming gou
Grestne, wild cat
; i mpotence of
e pig, Bid; lnlmrvmsmn nd blend:
ing of ‘charactors n bybrids, i 4 P -variation in, i 582,

el of animals o bread in
119 o thy. Guines pig,
ilkvorins producing white cocoons,
199; o the carp, ii. 236; an
lactea, 5i. 980; on monstroitics,
254 infury 1o lle cnbryo o cuuse
of monstrosity, i, 269; alteration in
tho coat of i in conl mi

, bud
| GranDs, compensatory dovelopment of, i,

Guamoma tlom 1 80
G, Mr. on the Cineraria, i, 200,
Lo, ., m, Mrmlnmg i
mum,.i. 208,
ol

i : inheit-
unce of m«hmmm ¥ limks in'the dog
i, 515, condlation in montrositics, 5.
0 spermmenry digite n man i, |
soomalies i, 331 |

Tusicn of Bomologous parts,
prsence of ‘i and et s |
70; derclopment ot
on 1ho palate fn the hores
GoonATiIoAT difirencen o a1 i
Grovoatca, succesidon of crganisme .
Geranium, i
Geranium'glazum and pyrenaicum, . 235, s of
Geranivan ‘pratense, 3. 576, ath's -
Gxnixn, uhnerted <) mmml chunge i | raotion of ths iktworminio urope,
Burgundin bees, 1. 2 ; \nnuuh(y in'the silkworm,
Opanor, on vritis o tho Lyacoth 1, 0t eopposc 3
8141 ‘on ides, 3. 818
Pt L L

Gusrickzs, on hive-bees . 209,

Iarwin Oniline: By permission of the Tnistees of the MNatursl Listory Museum (London)



454

Gosmas,

814 colous of tho soody of mmu, |
unity of chamoter in cabbag |

tion o colou and odout,
ro on

e ublmgm ab on o eulivatd

sp 5 o Roun-
inic

e producing

3413 on tho flower of Cory:
variations of ‘
1

ches,
dalis,i. 544

ash, 1. 363
mudilations, 3. 2
edery,
goublke ram,
soil to plants, ii. i
pelnnu foret d o

oarily seedices
o, 108 el arilty of plnts
paga bu

b-xwL i, 201;

iejeconof biier Blmoud.u el
202 nfluenco \y pastare” on
ho o0 of o, 3. 71
& pociat Beyecen oy
mitive di i
ol hoofed wme,

INDEX.

uEy.
Goosmmmu, i 394356, bud-vaiation in
the, i. 576; Whitesnith's, i, 252,

Govema on monstrous poppics i. 166,
B H, foal doge I Jomaic

; xepro-
 of individual pwu.lmnhm by
coral, i. 374 frequency

g i s . 2.
couw.ifd on hereditary hmorrhage, i,

Gouu), John, arigin o tho ik Lo
foura coronata. and Vicloric,
crossing of varieties of, i
icient Peravian varicty of, i, 120,
Goor, inheritanco o, i 7' pesed o ap:
‘pearance o, ii. 77.
Guazayonhe o of tho oo lods,

"o
ey s 0 e
o m,mmmﬁ;‘,

GuarreRms, i 390891, 394
B4-56.

Gravss, bud-variation in,
wlu«c and purpl, . 05

e

i o o e a ol v
507500 i

Guay, Am, ior wild varietios of

e, & 310,
planis of Nrih i, 1. 312, 557¢
non-variation of weeds,i. 317 supposed
pontaneons rosng o pmpm i

Cultivated sative

Gorvrmsm, i, 296-297, i. %

o o0 Bouth Anerinn cnte 1. 46

Gonaomd, umber of sela n the . 375
fo0se, ancient. domesti

e’ P hppma Tiands, o6

e, pmrmm
16 Bt o v 209;
pemisioney_of chacior “in . 201
Beyption, cange thmhngumnuf

i
oF o oo o,
intermediato forms of

progany
i 8203 wild
simwbertien . 832, o
s, G. R, on Columbs gymocyclu, i
o gymnocy
A, J. E, on Sus pliciceps, i T0; on
i o AT
o, il 4248'; on
mm..,g of nmmmh at Kno
‘on tho breedin

wsley, i
of birds in capti-

0 development of
the chioodarmata, . 07,
i, on # Guasdin sboled

Mr, experiments on Abrazas

Frossdariaios T 550,

Gumason, Mr, éxporimonts o Areces
mmbznam

IR G pememtin o o

bearing plants by the Australian sa-

Darwin Online: By tenmission of the Trustees of the Natursl History Museur{Londar



GREYHOUNDS. INDEX. 455
on of ncst by | Hatey fumily, componding period o in-
123,
T Bares | M, Shimiee it 1,
e Vil of Knio: | HLALR40% mabbia, Taured i deserbod
Lt | Lo m)l’lh»;, 19.
Lo iatus leucocephalus, copulating in
struc- | captivity, ii.
91, | B, Gol, on a twolegged mec of

ot comuponding

biaat
fe, i,
G;?z’\’r, Mr., on mxly flowering dablias,

i Mr acclimatisation of the Scotch

0., on the webbed fect.
0.
) 1,107,

e ot of. i caplohy, 1. 166
G, byids of Bops and vieat

Gris mu,mm, einerea, and. Antigone,
. 15

GuxNAcos, selection of, i 207,
Guaxs, general mumy ot in captiity, i,
156
Gurpe-nose, il 185.
GurpenLAD Towls, i, 230,
Guaaa, seleotion of dogs by the Indians
6.

feral fn Ascension,
83; indiffercncs
i

Gu ym, general sterility of, in captivity, ii.

Gy steility of,in captivity,
A o A R e,
§ 247 onthe regencrution olost parts
in butrachis, it
G, e, nwhhwed\ngmc-phu(y i,
154; appearance of “black-shouldered”
et o

Ha

influcnce of, in_ acclimatisation,
3i2.315,

. 895.

o
iherited, 1. 5.
rowt of, nder imlaion of s
526; o aration of, i
 development, of, within the o
ad'in the |l"’m.. =
HA and ool corrlaton of, i 526+

B.mnu«m “fow, . 227, 261; figured, i.

mmmn, wild cattle of i. 84
Hawrox, Dr., on the assumption of male.

lumage by the hen pheasant, i. 51.
Hinow, . Buchanin, on the had-
: s of Indian culti-

vated plants,
ARGk v ey oftamed bide .

15
HA)mmnn. inkeritance of peculiarities

Havoues, Sir 3, on selection of flower
seeds, i,
e, Mr. ull\cnm\ce of dark yolks
in ducks oggs, 1 281.

Hanoous, BV
hound, i, 17; aversion of the Arabs to
dun-coloured horses, i.

excess of nourish-

ment o plants i 257.

Hare, bit, i 102
ity of thor T emnesmoet 1, 1083
prcerencs of, o pustieular plai, i

n the Amb boar-

mm.m inheritanco of, i, 24.
hereditary discnses, . 7.
nu,, g the b of g &

muluhmu red and white

Havrsons nlnnl;erry,
Hawxes, Cal., on call or o ko ancke i

HAw'monl. i of, . 300464,
]vtns\\l.\wx In)bndued

8; o
bidvamaton . o, & 775 fowor
buds of, atacled by bullfinches, . 282
ey, D, hariclar o Exquimats dogs,
oo, W, on the ferl rabbits of
Forto Santor, 114
s, e 003 0
Yok )

830,

4> of Wikl bow

figured, i.7 §
Hiean and limbs, correlated varialility of,
i, 823,

Ioarwin Online: By permission of the Trusteas of the MNatursl History Museum (Londar)



456

HEADACHE.

rADACHE, inberitar
‘Heammseass, 1.
in the,

ion on, &, 200 920,
it Gf masonal condiions o (o, .
274; annual varioties of the, i,

Hyar, it of, upon the feecs e

anln, Bishop, on the breeding of the
oeeos i capiviy i 130
the, §. 80; pigeons of

5 0f the Swiss lnke-

rowing in Ty i the

‘brouze age, i
Heliz lactea, . 280.
Hemeroeallis filen 1nd flava
ing by bud-variation, i
Heuzoox
i, 274,

interchang-

rences of, in various parts of

Indin, i, 163; clinatal dflrace in

o |

‘ields 1o conicine in Scotland, |
|

|

Humm, ¢ \ma of, ‘upon. the colour of

Sskumptin. of male characirs b
31, 54; development of spurs
318,

the,
in the, i, 1
“ Mg or lien-like male fowls,i. 252,
aricty of the ush pro-
; crossingof spo-
ododendron and drais . 400
HExstow, Prof, individual variaiion
wheat, i, 314 bud-variation i tle
ustrian’ brumble rose, 1. 381; partial
moproduction of tho wocping h by

Hl_mncA, ulmngcd by transplantation, i.

Dr., variations of Vidla grandi-
- 308; bulvariation o camel.

CytmaAdum, . 388
and other tuni

e . 165 hybrid Tododendron,

HEmerLaxzox, figure of o pig found in,

wance of *black-

oo Ilerul e rdhigrs e i

1.290-291; non. -x!l.h!nhlm‘equuxl strous.
e by goldfish, i. 296 ; crossing |

‘HoDGRIY,

of whio and enloured Angors it
2 s bt 1
erpests Jascatus and grions,
nmmz...un o sheepsof the
corclated consttutionsd
M\hnnhes, i 557,

5,
pion o male a7
fxialo picasants, 11 B 5 development
ot latent chracters n o borr

vl 1L
fuﬂhem! Licgued baia

s My u e bigs Vot e Shctand
muu.lm

Dl iie) assmtsd s

Gy ey

omis, Dr; on gmilids vl
to, the influence of

pollen on the mofberplant, .

the fertilisation of Oreliden,

Hi, R on Lhc Alea, . 81 foral rbbits
in Jumaica, i, 112
Jamaica, . 190’ variation of the Guinea
fowl in Jamaica, . 204; sterility of

amed irds in Jumiic, L

81
i T 14
e, dirone 5, 6768

Hipparion, snoralous o e

ippeasirum, hybrid of,

Hiveners, ancient domesticat
297 breeds of, . 298; .m/\Jhrwlmn
roduced in 0ld comt, 207 v

ili e Lo
STy
Hocam Tucre, 1 141, .
l.lokms, Faler, o tntebvesti. ol

Hoveray, Dr, on the attraction of foxes

Banwin Online: By permission of the Trustees of the Matural History Museun (Londor)



origin of |ha
: trmemise

a pecla lod
mm.v omestintion of Cania
primavus i, 26; denlopmenl ofa ik

it i Tt mastithy i 55
o in e caile . T on o
p of tho Himalaya,
pr A
ose i Shicp, 1. 06 mehsurcinents of
e nleine f gt 1 scnco
gital pits in goats, . ; dis-

£ drouping ours, i. 5

HoPACKER, l.m..unu, of colour in horses,
i.51, ntion of dun ores
S el o sl 350
inberanco of peeulariies i’ Land:
riting eredity in n one- omed
nguincous mar-

cls,
Houuv, voicios of th, . 300, 302 -
reversion in, 1. 884; yellow berricd, i
19, 230,
‘Hovixrocs, bud-

vaction i1, 78;
et

rclated | yibiy
55 fusio of, 11,

553
Hoers cmiiad vith Lok variation,
Hoox-umiaem sk, deul igurd,

‘Hooxex, Dr. J, m:gna lil'mul;lhl\-atn]w
Sytian umu.:_ v e cock

in Sikkin, 150 of Arum-roots a
s ST
wild walnut of the

ayas, 3. o0 ety of the

production o Tiuja ori-
s from um!n of Lo
mv;_uhll

i o calk grown at tho
G Hnm,en 2745 on Rlododeniron

eliatum, k
mania, i
Horsig, mr bud- et l\u he o,
i rablis fo in

Gomeolulg irtaion 1

INDEX.

HUNGARIAN, 45,

Homvmnan, he n.;.hyum & 302
‘Howxep fowl, .229 ¢

Homxss cattle in P mg
Homxs of sheep, 1. 9

rod, . 265,

oais, i
Bamﬂ; i Sww ln.h»dwellmgn,i 49;
In

of, in Malay Archi’
i s and
i friy of
ral, i, 51; liabit

e 1

of seraping away snow, i. 53 modo of
productin of breds o, 54 e
amew and divnity of @lour 1.5,
durk sri 1,

Soloured, oeigha o6\ 50;
60-61 effet of feoundation by

o Quagen on tho subseque

o . 403401 iherfanco
i ; o lvdachlmn n,
H

n]wnt.mc: of colour i, i
ostoses i

n legy o, i

nines, B, 278+ dcgmm\l.nn o, n the
Tulkiind Toho

by shocing, (500, g 1

to and whitespottcd,

‘mildewed vetches, i, 537 3

Shalogous va

B2 o deveioped on Jaite o

917 of bronze period in Denmork,

Houpaimvr, sy, f tho Tuleri
‘tendeney 1 doublencss in,

uummm, general steriity of the, i
“llommr.  French sub-breed of fowls,
229,
Bivies, 0 on an Egyptin monment,
95,120,

1173 o crsen st
petor Khogeli, 5, 505

pen
b m.;m, urious effect of,upon horscs,

Howrmmeys, Col, on Ancon sheep, i. 100,
HONGARIAN cattlé 1. 80

Darwin Online: By penmission of the Trustees of the Matural History Museun (Londar)



1 period of appentunco o horeary
jsnses, 1. 7 f the spur of .
cock upon its cnmb, . 2965 o tho
stomach of Larus H
doubletiled et

o . ovidenco ot the influ-
ence ..f wpon the offspring,

Qept. on the e

mesticati
bankica, . 2

S m, lmbﬂny of ﬂug’ 3
distemper

n genmation and
fisson, i, m " Goriapmsns of e
fishos, . 361
Hyacpi, ; bud-variation in,
SRl hstes, by anin of bt
b\ll\u ot 1. 505 i) sprodueed
229, 536,

us syriacus, ii.
H¥aaion, oF peve/and mmm, 1. 105; of

various species of Gallus, 1. 254-251

of almond, ‘acturing, 839

‘Haturally produced, of species of Cytisus,
om twin-sced of Fuchsia

205

: lclhm
fonco in . 198.140; rudiy pro abed

HysupisaTioy. Aogaler elcts of in

oranges, i 556 of cherries, i, 34
By of in Cucurbit 1. 358; of rses,

Mt . 176191t
tendency 10 doubls Sowers,
relation o pangenesis, 1. 385,

HYBupITS in cats 1 4145: supposed of |
‘peach and nectarine, i, $42.

Darwin Online: Bv permission of the Trustees of the Matural History Museum (London)

INDEX.

crossing of Gallus |

M
o/cau o 5 | Tapsey St oL LT
17 in | Tapomy,

NsEoTS,

Hydra, . 293, 350
Hlvm
uenc«l 7 S, 5,977,

fowers of, influ-

Hr . 20
ypeieun ulyivn, i

o . 521 So7,
nn-.mmumnnom. i, 57,
Hyremoernoris, hereditary, i, 8

Taxmvormmsrs, mamber of digit in
e, i, 16. -
Ttez aquifdivm, i
Tuiaiiion Sopncd et o, an o
apring,
stk wiiatun, o orition
i 1 185,
e, b by g 201
mow Ty el o sl
fing il
Ty s i
. 7,76+ breeding of rabbits
cultividion of py ,b econs i, 1
SDIVIDUAL varitbity in pigeons
s iy i i

ex ot
L11;
6.

ined_of by ‘same
015 importuncsofto breeders,
vidnce o( derved fomsaisics

e rities in man,
12103 o dines 16,17; of el
s in tho eye, $10; of d

ot eongnial
causos of ahsenco o,

iness of charic-
affeed by propoteny. of
ofchamueor 571 it
at comesponding
7580; summary of
s of, the sme in

r, 6264
e

crossed i
oo g el g e e
i mmﬂ" i res 063, e
5 o, i 825,

T
‘rgenerstion of lost parts i,
T, 204 agney of, i st
Tarkspurs, effoct of changed con-
it 1573 sterile ncuter, i.




SN

186:187; monstrosities in, il.
Tnsmivons, defective, of silloworms, 1. 304.
Tt ol elfecs of i 114

o spccs, 1 8 camo of
tul, of plants,

NTERDIGITAL pifs, in goats, 1. 102.
INTERaARRIAGES, close, i, 122-123,
e, donguiion o, i g 17

relative measureme rts of, i

e . 08 el of changed sk

o, i, 802

Tpomaa i, 128,
3 of Bos frontosus and
ongifrons fonnd o, i. 81
Tws, hereditary absence of the, i, 9;
hereditary peculiarities of colour of the,

i, 9-10.
g ancent, seloction pnwﬁmtl by the,

Europe, dog of,

i soany ot sl plants

Tsuak, pigeons of,
Dok o fovous of sloticn,
. 28354,

Inaix,
ron
v ululhly o a8 ot Hropo,

e goming i, during ho

Jacx. M, it of iga pollen o

Pl 74. 27, 30; hybrids of, with
tho dog. i 82 Drepotency of, over th

dog, i1 67,
Jacouns pigoon, . 164, 208,
Jac -Boxxeront, on the mulberry,

Yo vith okl g 17,
Jauatc, feral dogs of, i, 28; foral
; feral mh\nu Fe

‘.m-AL;xx Vg, e . .

iIx, Sir W., crossing of domestio and
wild cats, . 43.

igs

12,

s, 3 aillovorn i the Sandyie
islands, 1. 301
Java, Featulp pigeon i . 14,
i ponics
e
Srin L, whitenoe of gander, . 288

INDEX.

29, |

KIDNEY,

459

ke variety of tho goldfh, i.

Juunay, 3. C, nm
peschien, i
Towl i.

g, it cablge of, . 529,
s L 894

Jprrrses, Hungarion shecp-logs, . 24

Croming of docatic i WL .

Jom, King, importation of siallions from

mber of eggs laid by tho
1125 origin- of domestio

Flanders by, i1 203,
omios, D, oo o dipe on
‘young wild pigs in India, i. 76.

JomnaN; An O Vibert's cxperiments on
e vine, .s;sééoongm of varictics of

Joixza Mv., wild dogs on, 1. 27.
Toax Fy on,i.21.
Juglaus egi, i 5
s, ot orgin of thie Newfoundland

iy
Lk, mmm garly domosicatin of
pigs o
d‘;‘mmmn of the m in

Juweens, & breed of fowls, i. 230.
Jorm, variaionsof (e, 30, 964
Tuniperis succica,

Jumiza gnuuzx/m .

v, A. mmmm pappus in

Garthamus,

“Kaiapan”

K, Bl rovosion i, . 82.
e

KaLes,
K, P, on maize, i. 822, ii. 07; fn-
roduction_of wheat into oot

“Kaiza Lotan,” fumbler pigeon,
Kanm, Dr, on Bequimau sl oy

5.
K)msm( e s culbue of Alpine pl-m..,
163

Easraa, breeding in captivity, i

“Kuaxpst,”

Kuaxc-n, selcction of a voriety of rico
20

Vird, .77, . 275
variclics of, ii.

iDarwin Online: By pefmission of the Tnistees of the Natursl History. Museum (Londar)



460

DN,

Krmxers, compelvm@my doxelo
the, ii. 300;
shape of, in’ \xml
Torm of the pelvis, i, 344.
K, Col. l‘uwwhcuﬁun .u ock doves

i
e [ 1e
girom e Onlnys |, 1.1 ‘

Kt and Spence, on o T
s, i.

s theep, .96,

Krm, breoding in captivt

g
s 2L crosing vario
.m 129;

ity o the co ncomh |
i.365; bud variation Jn tha
lum, . 875;

eny
crusing of whita and
503; U(]rm iments in ‘

purple grapes, i
crosing apple, i

diseaso.in plant
n.mdi..g. i, 116; eross
wheat, i, 180; necossity of interer
ing in plants, i, 175; o

{ompulory lowering of carly il
relnted variation ':} lead

andlinbs,
o, i brevdmg of the eugle owl in

3 LaxTON.

Tana, on the tosks of Tonl bears i fhe
‘West Indics, 1. 773 on French wheat
grown in the West Indics, i
the, cltwe of tho vire in o West

Intics

s e
“oakcle aved,rever mion of, 1982 pelorisn
i1 3

A, o Gemmiion o fission, i,
358,

Fachmantlestinclori, i, 227,53
Lactatios, imperfeet, hereditary, i, §;
deficent, of wild animals in captivity

| mm».dma cattle of . 8

Lam resemblance of )\olwegun
‘nd Devousbiee oty I, 82
of,

]A)l,mr\l’mlm Sheeratons n e
I Argerican w
A B,
Silifornis, . 36
Liouier family, i, 4, 76.
Lapumuryr on struwberrics

351,
clcased vusety of Fraguria el

e,

Laxor L, on heep n tho Faroe islands,
Ly e dogs of. . 27; feral cat
7.

0.
Lasmsrons, imct ngeney. necossry for
ugmuvymlhetmm,iﬁﬂ the full fecundstion of, 1. 21,
Ku:ll,nuri.32 Larus arpntatus . 157
K "R, Soersion in bybrids, i 902, | Lavustridaclyl, i 502
o,

ired " sterility of " erosse
S 10

i;
\nnmlm ur plal
sorpti

z.m,./m, . 88; crosses of species of |
erliascun, fi. 93, 107 on tho Jolly,
g 07; crosin vari
tobacco, 1, 108; benctits 'of crossing

il 180, 181, 175-176; seli.
impotence in Verbascus
effects of

Crossing a cause
267-268; wumber of
ol I:n-gmms necessary for fertilization,

. 363, |
WK vy

SEscany;
Kuoms, an tio A “reproduction of
i 384,

“ Knors Tviem, . 187

Darwin Online: By permission of the Trustees of the Matursl History Museun (London)

mbxlu wulgaris by M. | Lavexr

shcep in differont

 cliaracters, i 51-5
Larma, o the fowl ok luu‘dmg in the
(xlmm nort]
yrus, . 38.
Zibgrse abhata,
Latlyrus odoratris,
L Toven, J.

o

308,
T, ing Can-dmn pple

it dimidiato fruif, i. 392595,
“ LarzTavue,”i. 154,
Lavanx pigeon, i, 135, 207,

Laurus sasajra, . 73,
Liw P
of fox Bouad,

roduction of w new brecd
i, 40; occurrence of

on inleritanco in
of the potato, i.

Ludvaristion in tho
6; crossing of varicties



LAYAD.

INDEX.

461

LIXOTA,

of tho pen, i, 897-398; double-flowerod ‘ Lvmwn;gnm, double monsters of fishes,

roseublanco of a Caffre

peas, i 168.
Layam, E. L,

Lm»q  budovas
g, . 3935 hyhmh e mem. i
169, 05 crosing fn plant i

undation of Passiflora, i 137;
hvhml id Gladiols, i, 199; werlty'of
ﬁmnm 170 villosity in

b on Sonth wild ctl, . 85,
Lassox, o0 lanicus, i. 112,
Eavcrnr on the luga of Gerilony yids
60,

Gy catlo of the West Tndies, i,

Lawis,

229,
Luewerrs and Quatrofages, on tho
horss of Oivensi, i 102, 235,
Taesio, difforences. n_blood, ac-
conding to couplexion, i, 276,
e, quernce of plgmentery o-
tinits in deaFmutes, i
Loomons, sty in, e
ormysTiry, Yosemblance of Bosjes-

wan's doss 'to. Canis. mesomelus, 1, 255
;;ewfmmdhnddw at tho Cupe of Good

e b 37 douls s 315
L Cmmk, o mofcies of wheat i, | Litacs i 16

"315.515; asolmatiationof oxoliowheat | LiLtsoas, coniabesconoo in, i, 165,
in Europo.i, 315 adapiation of wheat, | Liium candidum 1. lor.

0 sl and linae 1. 316; seloton of | Lius, ogenoraion of
Snksore’, D16 2a o s, ii. | L Nend,comeloed vamnon f, .
147 sel at i, 200; natural

St T ey & 2005 e of | i offol of, upon sholls of tho ml-
Torwy, i Tusea, ii.

i 231
poEs, Mr. on the Lima and Alpaca,
i 208

Lo M, s emy culturs of the pansy,

ek
ey s

5 wmnu in cattle, i

Lgs, of fowls, effcts of disuse on, . 270-
27y chanéters and riatons of,
ducks, 1. 284258 fusio

L, il o tho Caps of Good Hope,

Lunnax, occurrence of wild double.
Howersl pauts near o hot spring, il

W: A, propagation ofa weeps-

b G

L, effets of the reoval ofaathers,
-

NG, i1
Lxuguvv. \M\ ated  Symphytum  and
Phloz, i. 38%. &g S
Lo, 1. 354, 535 rangs ot by
o o
L, by
Cavoumes, . 9500, 15
T, S it Eevotin o,
oo f it i n

1.
‘magdlanicus, i. 112,
Lepus igripes i 108
ibetanus, . 1.
Tebs varsain L 10,

Lo e hagos of B4, 387.
oy, sl i 7145,
rraToN, supposed, of variation, ii.
6.
Liaria, poloris:

38, 61, 316; po-
o, chssed wih 1 o orm, 5.

3243 oigin of the peachy
Bsence of il on

ineis o masisnsi

el

lparwin Oriline: By permission of the Thustees of the MNatural istory Museum (Londor)



o,

Linum, i, 165.
Taoy, fertility of, in captivity, i, 150,

T, feral rabbits of,

fodin i ¢ auz ylmlmg ol St
by the Bat

bl

among the Ba

Livixcsroxe, Mr., disuse a cause of droop-
ing ears, ii. 5

Lizarvs, reproduction of tail in, ii. 204 ;
with o doublo tal, i, 341

L, sel
Ligw, Mr, aming of tho wol, i 2
Engish dog
ferlty of fho oo incroased i
mostication, 1. 358; mumber of oggy
1aid by the wild goose It 1

B e
156,
Loaxna, domestio rabbits at, i

a, hybrid of two species of
Tobeic, roversion in Tiybrids of,
‘contabescenco in, i

Tobeia ulgen, cardinalis, and eyphili-
tica, . 1

Tooenim, e, n Choaie siesmy .
206,

Locusrraze, ii. 274.

Longaue.] Unxwxcv;n.mrs. s
dants, 1. 307; Moy

inge of soil fo plants, i
ot

s latran, i 22.
produced,i. 280

“Tont wasal,
orius garrulus, i. 2

“Torax;” tumbler mgwn, i

Lovwow, J. W,, varietics of um “carrot, i,

apples, 1. 349 ; origin of varieties of the |
apple, i, 350

334
it of oy 300 i
i -a‘ca'y i. 861; on llex
S froacy gia; verohis o
o Seotoh fr 1 363; varities of the

Darwin Online: Bv permission of the Trustees of the Matural History Museurt (London

INDEX.

Loz,

hawthorn, @id.; variation in the per-

ey o Leaves on the clm and Tark.

the moss rose, 1. 880; cffect of --mmnu
the |mrpl= Acaved upon tho
; o

e of regtonnds,
g of e Sng, 5107 burmo

gy

tion of new breeds i, 244 on' e

od” cattl

Lows Mr, o  ive becs,

Tows, on the nhge " of Pyrus
LA ccvbﬂ

“Lowrax” tum

Jozia puruia, i1

\lzvuhpmnnls of tho
memma_, i 6.

Livoas, P., effocts of cm«bnedmg onthe
female ] iscases, i
7, T8:70; herdiasy atezons of the
o + 0 of an
in it human eyo and in um o i

horse, ii. 10, 11 co of poly-
dactylism, . 18 ; mnrb\d nibrally in

i, 339; complexicn and constitution, i
85,

Lvcazs-Durmgss, structuro and growth
Ll i, 52380
o, of  peach-almond on &
‘peach, 1. 338,



1 LoTRE.

L, cats of the Caroline Archipelago,

tative _orguns, a
168171,

L_A/ mlmhm mummdaria,

L.,um.m. trimorphio species of, i, 400,
Lytiran, wlrm:snu. 183; contabescence

Tl saie, afficting the kidneys,
ii. 350,

Macacus, speoies of, bred in eaptivity, i.
53,

Macaviav, Tord, improvemont of tho
Eaglish horse, 1. 21
MCLLLax

e i 183; fra pigeons in Seoiand,
19 i
266; on wild gees,
e of wild i foao
M e i 6. pomlee el of e
potato, i. 330
cxmyi, P bud-variation in the cu-
nt,

s, e, horcs o tho Fulkand
islandy 52 el il of the Falk
\th)mm'. 5 on ntresg atl,

dling

uwgnhnhn ey
\ perisience of i

ano(wuhuu\m.i 23, i, 507

ietion of, 1. 13, 3475 aroging of,

o 3 105+ extinck Peruvian

1
1

Maw, indh S Teundated
Fomalo, 1. influence
of, on offspring, i.

Mm flowers, appearance of, among

fomale flowers in maize, i 521,

INDEX.

SuAwTINS,

463

Mavromeations, hereditas
Malow, torilisation of, & 405, . 365,
o suasa, ii, 137,

Mo, vriblo in mnber

in the pig,i
al fll deve:

Topment of, i cows, 1 87 i 317 foue
| prosent in'somo sheep, i’ 95; variablo
in number_in

Fibba, i 106; lnen
funeions o in male-n

Maouss, Mr, annual vasicties of the
s . 05,
Maxrews, Mo

i 6.

3 Saf, iy of e ossch,

Maszaxs islands, variotios of Pandanus
in,i. 236,

Mk, Gervase, on rabbits, . 108, i

m;ﬁmx probubly ono of the parents of
[

Manguaxz, Al of the Clianne T,

i 80,

wrony, inheritance in the horse,
10.

uimow, vegetable, . 35

aevarr, Capt bNLdmo of asses in
ety A7

s, nofesof Gluagiganto

M, vullmmly g

p\ulun. "y i, | 0 adpiaion of

d cimate, & 5165

lmm.! uf mm«; 107

ihact In Yorks

Masuais, Prot, ;:mwth e

out stri pes | 68 it of
n

o T g5,
um nn,ymg.;- of m
. Sdais sty of slkwor,

Miars, 0, et trvs of Sk, i
307.

lparwin Oniline: By permission of the Thistees of the Naturs) Listory Museum (London)



464

AAsON

Mo, W., bud-vuintion it ash, i
582,

Masrize, Dr, roverdon i, U il |
Teaved weeping._willow, i 383
wers, ii. 987 Duhmum n's |

mn of for xsed,
199200; .;u oh,m?:",,m %

286 tho termnl pen in
o pod, i 547.

Mastirr, éoulptured on an Assyrian mo-
ment, i. 17, il. 420; Tibeian, i. 35-

stence of variotics of

luction of colonr in.

Matihicla ana, i. 39, 1. 20,

Matthiola incana, 3. 331, 390

o 100.

ing ..rmlvmuddmm |
Mg M. e viriia 2 Bt 1
e A e e

rvu'mu'my~ importation of goats into, 1.

B el it |
;m\ flowers in pelargoniums, ii. 330, |

Mazitlaria, sIF-forilisod capsules of, i
184; muinbor of seeds in,

Maaillaria b
o

i 379,
fertlisation of, by

squalens, i, 133
AL siEmpoionco i Amaryl
et onth

Mawz, fertlity of Brassica rapa, ii. 165 ‘
{
|

o number of digits, ii. 18;
of abuormal museles in tho

i 381,

ey Mr, comparison e
and Ameri i. 281,

Maloogris mexicanas, 1

ke s

0; mongrel, mpresol

o e prmlmy.d from o

891 foo o 1508

105, 1305 mfmvny of, in Roman
ges in, by culture |

| M
Miéxérns, on the it s | i
i e

grallari

‘MexiNarms, tubercular, inherited, i, 78.
ETAGENESIS, ii. 366,

Mersmonpuoss, ii. 366.

Giarwin Onlice: Bv permission of the Trustees of the Matural History Museur<Londar

INDEX.

MOQUIN-TANDOY.

Meraxorenosts and development, i. 358,

anm on the suppased specics of
R R

918; tindoney of wheat

5 Vaty. L $15; varition of maian, I

821- §32; coltivation of ican

maize in Burope, i. 522, ii

onblnges, 1. 555325; acclimnt

of Spanich i ermany, ii. 2
D o sl o plants,

; cultivation of

diflrct i of wheat. . 367
Mcio,dog rom, with an Spos'on ho
el 0; colours of feral horses i,

Mirl, om ondl of e,
and white colours o{ i

aded by crosing.

o Titter dimonds by, . 252; kel

i, 279.
Jmcmx ., roun-colourodl forl horses.
f Mo figin of domestio

: horses pmfrmd on

account; of ,h«m Charack

oY, offots of food on éaterpilors,

1,280 on Bombya hesperus, i, 8.
AL, ssocited wih defe

ke oy

il 427,
Misoxsran, i 207, 1.
1LLE, i
Misss, 3., diminished S
when first tumed
o on o 1k ot
the crustacen,
Mizxe-Eow:
with o mmhnmuu
Milous niger, . 154,
Hondns xuew,x
. gemmation and fission in
ﬂm Anmchdn. i

Sropotondin 3oL,
2

of, i, 363; hybrids
of, . 131, 169, 265
Mirabilis jalapa, i 552, 99,
Mirabilis longiflora,
irabitis ulgars .sx
isocampus aua Cecidomyia . 5.
Alrrcnety Dro ollwts of i otsn ot

the roidesal, i 29

tho brecding of

oses by anhdlmunu, i 202

Mocous Gour,

e e e suT paad

ots of food on insects, fi.

sloy, ii.

o, Loy of
261,

Moaurs T jinal form of maize,
T ety o o onbl .




oL
05; peloric Howers, i 5830,
n of pelorism in

= Wi
Mgy md Garon o catl, 1. 90,1196,

Yorens, change in shells of, i, 280.
Mok, Lady, culfuro of the pansy by, i

Moxkes, rarely fertle in captivity, il

Mn\‘ﬂul, dontity of sunmer and winter
e

ditions, i o7 ¢

. 57.60; » cao of sterity,

“IOE157 ‘coused by Tajsy o the
embry, i 0.

‘Moxrss:

a7z, o in-
rle i (s €y of a 0% .
Moxtooeny, E, formation of e

i J. 1, deerioration of the horse in
Malasi

ik, i
o tho ‘waluit cuvated

V\(mun Mx, ‘52 bmm of pigeons, i. 118,

period, i m
Mormode iynea, i,
Morocc, Gaimaton of pigeons in,
5.
Mot O o i, 158
conlaria, 5, 340; mon
duublk Hovors ahd esegmt

Teaves, | M
Moa Ml breeding of the Kestrel in |
copivit, 15, |
, Lond, ffit of fecundation e
o
v e o s g Vo |

g mb mare, . 4(
Mowrox,
hybrid rr and mare, i
834,

?

S

Bacwin Online’ By permission of Eha Trustees of

INDEX.

sk,

Moscow, rabbits of, i. 10
of cold on

0, th mzma.mmn of
mbbits into Porto Santo,

Morrinso of ruis and fowers, 3 400,

Movrruon, i

Motns, Basbary, .
ovse,

R
Mowsaa, M, on fhecgesof gumo owls

ly pug (-va of game cocks,
Y dmmuﬁm oty of the
pheasant i captivy,

Mowseay, Mr. muymml fecandation
of Passilora alat; racemosa, ii.

137,
Mouaroos, sharsote o, . 8.
i 834, i, 2
Mos A5 b, difveaces  tho, 1,
17-08.

M o mhnm:f 42; o
ey tion of, amon

g
5, . T10; moticed -t
Bible i, 2
Mo, Frits, reproduction of orhids,
134-185; development of crustacea,
868
Mires, the face and teeth in
doge, L. 34,7, i 345,
Moz, J., exfoct nails

ructi
Januselike monsters, ii. 340

mation and flssion, it 353 identity of
ovules and i

e o to fses,
m, Mo, autiquity of sgriculfure,
PR T hypo-
theses of, discusced, . 185-104.
o, ¥, on Niat catile, | 0.
R0 L. an o Bl of orshid,
15185 feproducton of Pasifora

~-\xmm igeon, .
ol e ot o exo

ok prodieblo by ackaion . 285
s alandrinus, . 755,

Musa_sapientum, Chinensis and Caven-
dishai, 1. 877.

Muscari comonim, ii. 185, 316,

Moz, offts of uso

Mus di

el hybrid of, with the
common. duck
u

the Natural Figtory. Museurr (London)



466

Musatox, female, sometimes i mmn.
l‘lv.nLA'nou,mhum«uw or ‘non-nberit
anco of, i. 2224, 397,

Myarr, o

olleaved variety of the

MyRIARODA, ot o T ger i
1,

e gmwing on stumps of fingers, i

8.
Nuunus, e o the 1. 8,
ouble, buvmmgsuwlcu\ oor

woil . 167
Niivi, on fbe culfiaton of aative

jigs, org

charcter 1o mnmy o i, . 75, &
clin;

mm T7B; changes in

igs hycm.sm i

o B e v efcts of

-
{ion 1o sheep. 1. 97 on Niata cuile i
89; on short-liorn cattle,

mM\:mdu\g

pigs,
%lucnm\ £¥le
Tasiability of Bighly Selesiel raoe; i

Py
Naro, P, on the Dizaria orunge, . 391
chat selction, i1s general principlos,
M

* Narums, senso in which the term is

ria | tion of the ovale in batrachia,

cncy of transmis batura’
niuin whon erossed, 1,67 o pollon
of Miralilis and of hybrids,

isation of Mirablin i, 303  rosing
of Chamerops luamitisnd thedate pal
§1390; euitated Caeurbitacem, & 357,

Darwin Online: By permission of the Trustees of the Natursl History Museum (Londany

Nuam.

in of, ibid.; produced

on pc;ah Lma. 940341 producing
2343;

NeoTaw, variations of, in pansies, 1. 369,
) i e

riginal spcis 57 domestc got n
the, i, 101; cerns om.‘ . 817.

.»um ane, 1. 138;
DR dupiest

peculiarly col
“ bmaxhu‘sige o
f bybrid pigeons, . 19
e trampeter pigeo
porteet plumage i pigeons, 1, 77
ago of crossing pigeons, i. 126,
Neonatats, hereditary: b 0,
New zuuw(«mldmu o, 47; culti-

ety of Sph
prir o i

gidie under

Newroun, G nawcoplalion o Vanesen
in contln Yo7, rermemiion o
| Timbs in myriapoda, 1. 204; fortili

N, polyductylim o th, . 1.
of sl Jsine

o Sk 157
No. Lake, catlo o i
“Niara” catfle, i. 8991 ; resemblance of




Vo8
of charucters n o

mmm-pluma i
o i et
mcteristies in some Roman families,
NIGHT-BLINDNESS, non-reversion to, i. 36,
Niwssox, Prof, on the barking e
L 271 e of Euy
Dreeds of B1; o Boe

ot in San'\
Nis, e
“Nists ermniivass L 308, 504, 355,

whasie, i 25,
vies ..f w.m ppiniages
o th i 1

mmmw, e

Nowwa, striped . 58,
Norr and Gliddon, on the origin of the
dog, i. 16; resonfed on an

Assyrian demb, 1. 173 on ‘Egyptian
nle i.18; on’ the Hare-Indian dog,
o

Notyia i, 135,
ot cxeess of, @ cause of vaic
lity,

Noamzs, imporiance of; in selection, i.

235,

Nunida pilorhneleythe oiginal o the
Guineivfow, 1. 204

Nox pgeon, i 158, i b b

Nvruss toc, i 297

' 5 301 i 18, 241 pym
cssian, 1. 361
b e

in the Swiss lake-

Oneniny, change of sl beneicial fo the
potato, i, 146,
Opsr, Cou, v £ th vine 1.
55, 1 757 bdmsnton S

T i
319,

O colonr, corelation of, i, 25,
idium,

Gnolhera s it et in, i

INDEX.

ney of [ Oct, W, resemblanco of i

oumsiL

2%,

OnttxD, absence of, in fantail pigeans
147, 160. o
Oupeixtp, Mr, estination of Buropean
dogs anong "t natives of Ausirais,

o,.'}:mm stock aflicted by grafting in
Oun, Dy inserton of tho

st
o' dog Boneut tho kin oF s o

orwdrmn. reproduction of, if. 18315,

Onio crossing of, . 90; white, liable
o s of fungi and discase,

Oplirye_apijera, self-fortilisation of,
91 formation of pollen by a petal

culiar

y of, ii. 831 Bizaari, 7. 8911

mt..mx ibid,

s, reproduction of, i, 402, 408 i
it

Orromp, Lord, erossing greyhounds with
the billdog, 1, 1, - &

ANISNS, origin of, 1. 13,
x advarcoment n, i .
udimentary and_aborted, ii.
$1.318; multipliation of abnorial;

Ostot, msumpion o hens plumngo Ly

malo in confnement,i. 138.

Onmxey islands, pigs of, §. 703 pigeons of,
i 181,

Ox

rEnA, regeneration of hind legs in
e logs

(ol
Gimon, R tho vt of eross-broeding
male, i. 404 on tho Manx

T, 66; on mongnls o tho il

i,
Osnme % b mosting o e

280,

Osevy, roying on Blackfowls i
O Sy, Baron, on Ameriemn ok
sl

f pigs, i
O o e 08
pigcons, . 102167 of ducks, 1 it

o diminished. oy of the, in
il i
of dogs by the,
hecp of Massachusets, 1. 100,
aped catil

e
Ooms o ey
Ovstim, breod in

in Burope, ii. 135,
o)

|| T A S T R L e A R e RS Rl S



468

ovARY.
Ovaws, vaiation of in Cuourhita
chata, i evelopment "
pmdenuyolwum e

99.
Onmsa i identity of nature of,

OWRY, Cap o i u o
s s ot M
Owsx, Prof. R., palieontological evidenco

a3t the he
Sall of the . 89, 90
omaius of rabits 104} on
thesigificanco of the bras, | 124 on
b of digits in the Tehtliyo:
plerygin 10 molagonaindt, 505y
thory of reprdut ‘Parther

gene:
OV, cagle, broin in captivity, i, 154,
Ot pigeon i 148 Africu, igurd, i
149; Tnown it
aalis i 100,

‘on the nutmeg tre
erees T 10 Sl o i

Paca,serilty of the, in coninement, i
155.
Bacrio bands, pge o tho,

own fover gtld»n at,

Pitoin ot
Faonia mouiam,

, tree, ancient enltivation of, in
i

Pauras, erl el on the, i

L

rmn.d e S n et

1. 86887
FAre2s, borion ot th, i Cararu, 1,

316
Pacer, on the Hungarian sheep dog, i.

Pacer, inheritance of cancer,
itury elongation of hairs in’ i
inheritanco of

. 295; on e monbro
tory development of the
kl-.lney 157800 bronaed skin n discuse

supra-renal apeles, i, S81; it

of growih and. g i 859;

B m elemntl of tho
 ii. 369 ; affn

A e
Prtias, on'tho iftuence of dometion-

INDEX.

PATAGONIAN.

tion upon tho sterility of intercrossed

crossing of dog a
25; g ol domesic il 1.

ot Al i

165 oo of Db
206. o
Pardeus, serity o epis of, i

| Pt

| PR i g0 a0
‘horses l 5

Bk bican drnsdly o of, 1
2

2.
AL, ariad
P.u(.uml wonl\‘;,( o e
y to aitucks of, do-

|| pendeat on solows, . 248
Pawan dog, with erooked logs,

| sembling the Indian wolf, i
| B, inheritanc o Lundwritg i, .

|

Pansxs, number of vertebw
Towls,
| PAnmm, it the byacinth,

i. 370,
[’Axky\s, Mansfield, on Columba guinea,

Diieens i 1o (0 Tl

cation. of ‘pigeons, 1. 175; on whito
pigeons, i. 23
Paniors, gencral sterility of, in confine-

ment 1105 alteration of  plumage of,
280,

Passxir, roversion n, i 31 ifluencoof

lection on, i. 2\11

77 i, g of o
by cavmion, T 38

ParmmEsocEisi , 861,

G, sterility of, in captivity, ii.

| P
Pmmmx, difenlt, hereditar, i 8
‘arus major,
Passifiora, el mpn!m(v‘ in species of,
SRS, b
orgaus in,

Pasifora o, Gty o, when gntid,

of sheep
‘ iy pmu-nuos in the hair

55,
5 ‘ Pm-m.nd climate, adaptation of breeds

and teeth of,

o, s of ign o
PATAGOMIAY ribbit, 1 105.

Darwin Online: Bv permission of the Trustees of the Matursl: History Museun (London)



PATERSON.

INDEX.

Panersox, R., on the Arrindy silkmoth,
i 506,

R 16,
movetaent of plaggonia, i
I’n‘:m rilatus Al satine, Bybeids of 1

=4 m,;.,..,.m
“Pavo

G, 1. 83
almond, stones of, figured, ibi

contrasfed with almonds, . 338; double-
fowerin 59 33 hybrids of,

. 839; persistency of races of, iid.
teas producing Dectrinc, i, 810 m

e leaves of the, i. 281 ; antiqui
uu, i .ms csans aritasmof o
s of, adapted. for forcing,
Aeshed,lnble to certain

Eeaarausion, 338,

Prarowi, or 1290, fopanned o
ko 290-201; feral, in
e mmpnmn\e iy

ok wild uud tam wats
whit
s,

L0 b variaton i 1, 976

reversion in sdl infer

of, in Plinys ti

i, atacked by aphidon it

iotics 0' nmm by oo
m of

ube-ell
i

fros
0; origin of, 826 varieties
120, found in Swiss luke-dwell.
o , BI7, D10, $26:020; frui and
socds . 328; persistency of
T 1 3t intererossing of vuric-
ties, §. 580, 397, ii. 120; effect o

tan
P, 226 8

crossing on’ {he. female organs in,
508 doubleionered, i, 1687 mnlnmy
Of, el Ly sletion, i

ition ‘o, produccd by e
218; e, sl to (repri
Tovension of, by tho

need in the
Paouwy, becling of the, i » captivity, .
l’nnmkuz g o, catle greyhonnds

cocks, und pigs, ii.
i, cua of 1. 47) hm’m of, i 58,

change of soil fo, i, 147;

Prroviss, e’ g’ Gacs
00 budva i | double e, i, 167
tion’ in, e “Peaves Tavpe”

dractog 5ot e 07 | daris At ooy

815 on, i of ‘ Plalenopas,

improvesent

469

PHALANGES,

216; seoreliing of,
{ mised from seed, if,

of by slection,

ve-variety of, ii. 113

o of contracted leaves and lowers iny
i, 930-331.

Pelargoniun, fulgidum, conditions of for-

i

“Peoves,” o olumbian breed of catle,

. 88,
wamc  Sowers, bendeuuy of, to acquire
the normal_f;

st
Pr, chnmctns of, in rabbits, i, 122-
1,166 in fowls, i, 268;

Queensberry’s mm atle
Pennisetum, sceds of, usel as

rod o Gt &
Prmorvar, Mr., on Horses,
105 on horulike procemes in horses

Perdia rubra, oceasional fertility of, in
captivity, i, 156.
Prmop of astion of extecs of vacioblity,
269,

anmsn:cu o g, producing bono in
rabbit, ii.

Pruy

e, et ot 1 England, ii.

170.
Pousna, stimation of pigcon in | 205:
curric il; e
pigen ot m aits of i
shoep of, 5

38,
colonr in horses, 1

< Pintonntace,
TaLs, rudimontary, in culuvn«l 1 plants,
i, 81

8645

Privavors, dencuncy o 570, *

B anwin Online: By pefmission of the Trustees of the Natursl Liistory Museun (Londor



470

Phaps dhlzoptrs i 43,
Phasaotus malefore, 1,300, 322
Phaseolus vulgaris, ii. 309,

hasomis i L ¥18,
Mt
Purasas, assn
by the hon, i 51
o e dw commrm :m

fowl,
dim ml\ul T i
ivity,
pm..m hton s Ly Al

Punuirean, on the varieties of wheat, i.
814,

o unds, mamed brecds of
ol m, i 23
d-

Punis, M vation i the
pointo 1 355,

Phloz, bud-variation by suckersin . 38%.

Pammiss, afftion of the flogers in, i.

Presuces, Me, on e gruning voioo
of humped e

d, il
o ofconditions of 1t an i

PiorER, A, orental names of th pigeon,
i.
crmr Prof, oiginofthe dog, .16 on
ol e,
Sttt b b v,

r.umx, T e

54; other breeds of,
ST, Silimoneenof oqua o goneic

s,

rides

riabil
i
arabiley in, 101152 cneo:

logy of, i 162-167; corrolation of
6 82

29, 47; by age, 1i. 38 produced by

crcusing in, i 40, 48: prepotency of
transmission of characte

i 773
on, . 86; preferent pairing of, witi
e same hn«L 3. 108; frl

26; indifference of,
iate, 11 161 selecion
o' bty m w among the Re

log and wing fealers o,
o e

loggod, i corlaton o Lk, L,

tongue, and nost ;

n i, 349

s v
of brecds of, . 42,

ms. o vt ka1, 6708

, drivd, from s serfes and

7 Jarm Gu

alous orms, i

menl "ot = and

\mxﬂeu oy 1. 101 5

roven Zou:v{ o w.l lypc,
rod

o ngvaol hmzd: 0 aiematng,
S B proateed by the 1
male pon the subsequent pmgeny of
the female, i. 104; two-legged raco

Darwin Oriline: By permission of the Trustees of the Matural History. Museum (London)



PIMENTA,

. po|yd.1wlyllxm in,
rove hybri
ii5; m..mmm developmentof n pro-
bosci sspponrines of mk.

varieties of,

9; mucm fori
uo‘

o,
ergmmn it umv!unkyuflhe
#brocs of i, 241 chango of form

(»ﬁ'rc dieuso of parts iy

t o correlations in,
i «m whxtn, b\wkwhmt injurious

upon the back,

extineton of the oer races o,

T, sty andvribilty ofthe,

829,
fation in, . 381; improve-

h\ﬁ, Chmes«.

s,
P it
Imnn, ‘on eroditary disense, ii. 7,

Piaci ot .
Prsris, m.xmumy e ouivaad o,
i 31

s voniolor, eritance of, 1.

Pia A'chlmr G on o Tl vine, i 532:
sterility of _Jussiza grandifora  in
Franc, ii. 170, Ly

“PLAXE trée, Varioty of the, 1. 5

Pu armivors, gon
of the, in captivity, i

s progea o slfivtlon o, 1 305
812; cultivated, their geograplicil de-
rivation, i. 3117 crossi
127, compuntiv fr

ted,

mx sterility

66-167; from doubling of
o s, il 167-168; f
fruit, ii. 168; from excossh
‘getative organs,
oncs o locton on 1 100017

471

variation by selection, i wsfal parls
o, i, 217319 variabliy of

varinbility of, induced by crossing,

65; dircet action of change n{ehmnlu
. 277; change of poriod o

ricios of, it

i difforent climates,

Platsss e,

i o L BN bresding
dogs by, ii. 212

Puic polonica, i

Bies s secmtngof dhoghants gy
with the wolf, i 2¢; an Pyrrhus’ broad
of cat 025 on tho ostimation of
‘pigeons ‘among”the Romans, i. 203;

describod by, i 215
Puo, 7

stones figurad, i, 51
45346, 11,

mcd lnlrlL An mnnm diseas
5. =
Puun, inertol pralcites of, n
al

PLULALIET of raos, RS

Pos soodsof, used s food . 308 >
of, propagated by bulblets, i. 170,
Povoriax eattle, i. 80.

hemin, i
origin nFCJlm s ddomi,1.390;
nr .-nmmmx varities of fruit:

ot o i, 227, 200, 254, 2302,
262; uk\lll A;z\xml Lection of
skl (wapmem of

pmmbmncs of skull,

figured, i, 268.
Fous, o Himdlayan mbbi 1, 108
Pouuny i, 363365

Pones, Coty o ‘stipod Todien horses, .

b arwin Online: By permission of the Trustees of the Natursl istory Museum (Londan



rorLAR,

Foridb 1o 7 1. 361,

e D

Py xm d in lhe S ko
31!

E‘

-3
fé‘gﬁ
g'
iz

+ monatrous, {ohility o, 1 Too;
blckseeded, nliquiyf, i 420,
Posourmxs, G in’ captivity, ii.

Porcurs fumily, i, 4, 7
Porplyrio, bnulmg R
caplivity, i
Pomar,ona wulxu hereditary affection
Pouro Suiks, oral rabbits it
latus,

S
iyt

£ oo 't 1, 137
16h; ;advaniagoof clineo
46 relation of tubers

ity of the, in Chins
o dif!

70, swect, steril
69; varictics of the, suited

forent limates,
Porom, M. his views o plunlty of

Povmes | Pl b 1700, furula
67; bistory o, 207.
periments in_crossing
mwd,mu.uwml. catle, .83, ii. 4
Poyxrin, M., on ' graft-hiybrid rose,

Pows,

396.
Pramis wolf,
Pasioorry of et et breeds, ii.

of charucter,
e Austrian emperors
aid oo oman S, i
in eatlle, 65-6
id.

e e e b
phénomen of, 69~

, M on the ol known
Eu
mem mhmumx a causo of modifi-

the employment
tozoids o fertilise ono

Ynxvm an Dum., on
of several s

565,
Pruce, M, rarations in th siructure of
the foot in horses,

Darwin Onlice: Bv permission of the Trustees of the Matursl Historv Museun (Londany

;o n theyoung of Asnas indics, |

QUATREPAGES.

? double, rendered single
on, i. 167,

i, inforrosi o soc
“coniabesce 66
o 1355 w.u. Slaired calyecs

50
and
sterility of, i

Primila n»evuu, mlpmcmlly dimorphic,

Eril vere i, 21,108, 152,
rimuda wigiris, i, 31, 100

5rvce, M on o ntakeoeing of st
errie, .
Erym iy of, i vy, i 152
ProLiricacy, increased by domestication,

mpl(\ny of, favourable to

347, 375,
runs domestios i, 45,
Pruus insititia, &

Prinogin e 1,522,

Dules penctra, . 75.
s, .

oo pontes of tho e

ona, s, o Cyius o

ommon ryc,
e v;mm. Sty

i, ot of fonign pollenan pples
i, 401; supposed ubility of mo-
sotypie ginom, i, 205,

Pyrriwda wlgaris, i 235 tion of

the Lenplumage by the male in cone
fnement, i, 158,
Pruunts, his bee of cattle, i 202
Pypus, fustigate Chivese speces o i
.

Byrus
| Byrus e uncwpaﬂn. i, 290,
Pyrus communis, 1. 550, 576.
Fyrus w i, 48, 376,
Eyrus e

Plrus pracom 1. 548,

| Quago, eflict of fecundation by, on the
subsequent progeny of a mare, 1. 403

QuaTREFAGES, A. de, on the burrowing of



“REVERSION, 478

bitch to Raxcrof gnlllnxweom birds on the Hima-
Tloworm, i. ot dmelopmem, o, ﬂle Taya, i
ings in the sillmoth, i, 503, e e feore: i xmo.
wnculus‘repens,

on varioties of the mulberry, i Ran
special mising of eges o o the ikt T 325
iE 3o7; on dises of tho ilkwory i | Ruplanus sativus i, 345,

ji9, | Resrmmnar, y

n | Harrimoesss, cxperiments. with polson

st on g Anglo-Suzon race
Amaricn, i, 76; on o clungo in tho | _ o the,
optin o, | Tavm Au\mnch of, affeeted by vegetable

e
. self-impotence in hybrids of
ot 5 195530,
R, Lo Compte, on the assumption of &
yellow enlour by ul varetiesof masey

edo
Sis: hm]mcy 5 mullurlty in tho best
races, ii. o n it

i. 615 on the mn\ependmt existence
Al sexual lemont

reus cerri, i.
uercus robur and pedunculata, hybrids )lmwul,nﬂtclo(mnﬁncmmtu n th
G e iy of fowl b st
st 5161
£k, Mr., airophy of tho limbs of rab-
bits, consequent; on the destruction of
their nerves, ii. 297.
somnsTioN ofumputated prie i man,
, or Rusian, 1011 il 14; in the hutan embryo, ii. 155
feml 111 1 o Jama tho lawer vertabrata, inscts, and. iy
il Ianto 115" of Focl || Sapote id,
oo 8130, 108, 210, ooco. | Rempye duals recognised by the
Togical characters of, i. 113129; dis- Lisitolar .25
cusion of modifations i, 126190 | Resazn, ety clfvaton o the cabbnge
d, transmissi by the mm 824,

- expariments in croming Opious

Qurkcs, pears gratted on the, . 250,

Ramnrrs, domestic, their orign,
aMountSinaisnd Algerat firei
o & 105111 Hinalayen, Chinose,

i durrum,
coloured & BB ot's Thowem vy Goidam
ol K o W e |
111; high-bred, often bnd breeders, i, | ReLatioxs, characters of, reproduced in
121} safoction of, i, 204 white lnblo | _ clidren, . 3
Do, ‘ssburrnce of aguars with
erooke legs in an,,us), i

of pas

m of a dog

prduci b i

Race-nonss, origin of, i. 54,

e mo.i\ﬁmmn el i

, i, 9599 mutural ..mi

afificial, 1, 245: Pouchers views o
iy of, i. %; of pigeons, i, 207

. i capivity, ; al
Bigmenes, | 890 oomson o6 .00, - | 7 dnsed by wild suimals i copivey, 5.
rieties of, ii. zn 218,
Ravcvrrs, W, F, it of climate and e sextal and asoxual,
‘soil on strawberries, i. 354; constitu- tmsed,
fional diffrences i Foses, 1 367, mgomgm of, to grot
Rapxorss, rerograive ietamorp e
s and alg, ii. 351. R, pmnenury, in deaf-mutes, i,

Ravriss, Sir Stamford, on the crossing of |
ovantzo cailes with Bos sondaio, i nmmon, gt
; in’pigeons,
ke, from the Capo of Good | 4 2590; n o}

72875, 396, 598
Ba, goatd

Hope, ii. 66. o e, ibid.; in vey
Raxonts, beredity of diseass, . 7, in e animale and planies

b arwin Online: By permission of the Trustees of the Matursl Listory Museum (London)



474 REYNIER,

it el o g s
in man, dogs, pigeons, pigs, and fowls
- hy ‘7\“‘& 56 by o

: of fm bigs o tho | |
c, supposed foral
h u.= by 104, 111,

Shorh the mll.

5. 369 up\.lm'"m\ulm,l 878;
£ Ghysantiomains,
i o

e
common form, &
384 by budy in Iybridsof Zropeokun,

1,892 in erossed
peloric sn. .1 analogous
variations
rian, ackon phiotben B the Gt
i 202:203,
Runoceos, brecding in captivity in
Indin, ii.

Bhododendron, Ily\;nv! i 25,
tum, i 277,

iododendron el
e Amu.;. effect of pollen
of R. Nuttalli upon, 1. 400.
Rivuans, not medicinal when grown in
gl i 274
ibes grossularia, i. 354-336, 376.
Tt e b
Ttp amber characters of in fovis
racters of, in ducks, 1.

i,
on perial of Qo . 05 Tndan
variotios of, 1. 256 ot Te-
quiring water, i 305.

Ruatuuoson, 11D, on vappendages
L pi
in

rbrocding
p)m 18T on selootion i pigs, 1

cHRDSON, Sir Johm, observations on
the resemblanco between North Ame-

dogi snlwolree 13188; o the
burrowing of wolves, i. 27; on

INDEX.

b ok of am tel\'es it mh

orth Am Ame-

gmm e
5.

Ricinus, annual in England, i
Tizoes, on ho = Bagodoo * pgéon 1

Darwin Online: By permission of the Trustees of the Matural History Museun (London)

nowaNs,

550, om varicties of the ornge, i. 336,
i 308, 331
iy, Tand, on o wlection of
s, i.
| Revons, M st 'y of chameters in
ealng poaioos | 381 on the peachy
isten

ey

a

380 ellctpr ,..m.m.wy
on Ahe hl(l‘k in jossa gm
e

i on Kr.md EHE
ecping thorn,

pcnmemn with, the o

lho wz’eym" clm and ash,

heritance in the horse,

on glandulardeaved

ache

Rv)mn. on’the illovorm, 1. 301304, .
107,

Robinia, i, 274,
Tiosos, Me. defconcies of hulf-bred
horses, ii.
Ronsox, Mr., i 1 the advantage of chang
of soil o plants, i, MG147; on :?
Sbapraiies AT
31

Rock pigeon, mgnmcmenuwflhu,l 134
Spund, 185

Ropexms,sterlity of, in captivity
Toiriguia, i 181,

135,
isoning of horses by mil-

., 1. b

v

Romtioceos el mped ot n, 1.7
11z, ., on the bistory of the pench, i.
508,

Rovia vongs, Dut
Bornmons Toet, Incior S afteted
in form in eases of pulmonary tuberele,

Rovaxs timation of pigene b, 200
rcedsof fowla posscssod by, 1. 231, 247.



INDEX.

sauTER, 475

i, 77.
ted specics
levoniensis, ybnd pmama
b n e i Banie e

e e il e s

n;« spinatimin, hisry of tho culturo

‘Roseirst, on Egypt
Ross,

m dog
. 866-867 e

variation in, i TSI sml..unubm
by sclection, i. 200 ; continuous varia-
o i, 241 effest of seasonal, con-
ditions_on, ii. 273 ; noisctte, ii. 308

galls of, . 284,
Rociveais mbbit i

Rovw, on th dcg:anuanemndex,

Lo, S lomlon o

BRI Sonth
d South Ameri fean

fulm:wxm‘A n.\l u

ueney ofsriped legs in s 1

quency iped e ky

el o i il

oM & vilay of M g
@flord, i. 305,

Bl
o oot oo
i 05’ shcp from tho Copo

vity,
Resrisas vl 1 250,
Roxts, 1. 142144 lnshvry o i 210
Tower y.m and slingmel, 10100

s of e

ity of snd‘v {',"

e e i 7
ot e Swiss xu‘&umumu,

; absence of fowls in
lnl{@dwelhngq i =

the Swiss

ho boues
S it o e re=lig

279; decrease in size of wild Europenn
animals,
x, wild, Do Candolle’s observation

5, comman, prefrrl
i bt ;
{ham other ultivted ptu

Sammem, Mz, on the cultivation of Towa
spinosissima, n tho eliivation
i dani, . 60370,
of forizn pollen on £ sod- vessel in

5 Aok, Infaoncs o 5 pol
shape of the kidneys in birds,
Dowry

Sr. Jomy,
s,

cats in Scotland, §.47;

i of wild ducks, . 278.
\Z ipple, singular struct

artifielal fecundation of the,

ure of

Sm:nw, origin_and varieties of the

$47.948: origin of varitics

oS aaplo, 350 incapacity of the
icumber for_crossing

ipposed. twin-mongrel melon, i,
891; csing melons. 1 108, 120; on

R g it
deney odepar rom by, 241 vrie-
tion of plants in particul

ALANANDER, experiments on
841 rogenaion of kot parta e

15, 37
S b e e, iyt B 1

Satssony, Mr, on the production of
et by pchie, 1 9415 00

Gl norning o spcios o1, 885

i Soterceing of spocen

iz Jumite, galls of, 1. 262, 385,

Bags el i nea-fow in S, Domingo,

SAumv early breeding of male,
g e

of pints 1 4
of changéd eonditions o
on e varcgationof Sraberty eaves

Sureng . 3. hybrds of il Sonmerti

b arwin Gnline: Bv permission of the Trustees of the Maturs! Liistory Museum (Londar)



476 SAMESREUTHER,

and the common fowl
axvsing of Tece o spocioats rats, i
783,

SaursrvTiEs, on inheritance in caitlo,

Scomat kil and cabluge,croes between,
Sair, Yoo, i laiis i tho sex. of
tho flowers o Shize 1. 321 b
tion in Tratophyls vt

Saxbron. See Dawkiss. crossing of species of Verbascunn,
S, vt ot it 20 07 S pornats o i B
aria. calabrica, i 20.  seproductionof orchids, i, 1
sm..m,p of 3. 53, g nmmy of Oncidium divarisatin,
droid, of tho sweet pea
i T e B e ST
SATiATION of the st i, 40240 oo G
damia pyri oy of n eraiiy S Sl W ot g

S on the
. 35

\écvr‘ varicties of the goldfish, i.

2

Savaars, their indiseriminato u
plants as food, i. 307-310; fonduess of,
for taming animals,

Savr o of s pologon ‘maize, i,
400,

BSazifraga geum,
o W ociar m saier:
L1 o pigeon which

nagement of prizo goose-

@.gmm,,. 1, 145,
s froniosus found

i, chamotas of, o ubbi 123
in fowls, §.268  in pig
oo, by g B Vissonn
Soanuer fover, i,
Souir 3 e rpresented
in Greek statues, . 213,
iacun, L, o advenfitious buds,

sty . 197; selestion of Towl i
209,

uiana,
&unmm ‘on. Proteus,
wol

ucela, i. 15:
Sefurus e cinerea, i. 12.
inus teniopus, 3, 62,
Tl

2 iriped
charucer of young Wil pij
osteology of Gallimda nesiols, i m

n Bri
chmn-:. ot Bt deerbound, i, 73,
Sasai, i Joh, el of closo inter-

care tuken
Hnwl- i, 197.

foks of crossing on the
on tho * Porcupine-

affections of tho eye, it 0,
7670, Inheryanceabp
anomalics of the extreitics, . 19-14;
morbid uniformity i dho mine m...uv,
i 17, on deamutes, i,

anes of i o o ¢

TE

o, 1158
Enamissos of posaiaiios i s
72473 on tho effects of har-drinkin;

diseases occurring in. alte

generion, i 101

SupriLor, on the removal of portions of
o i 390,

SeEns, 'early seloction of

Semra B, i of the wlfand B
i dog 1 25

et P o tie biddestroying Ibita
of tho bullineh, i,

Suzmemo, i, 162 m, metbodical, i
211, by the ancients and
Sl vk plors & i
trifling charactors, i. 205
siow, i 314, 317, i i

Fcots of, shown by diffrences in mosi
voluod k)nﬂ.gu 217220 produccd by
variabili

on the brcoling of biris in il
. Dr, atitis of the dog,
Tound o & cave,
Sooron. i, oeal Yariation of 1. 36,

b
420-482; ciroumsta
ii. 233999 endency of fowards ex-

Darwin Online: By permission of the Thustees of the Natursl History Museum (London)



! SELpoTIO

s, i, 230242 possibl 1
i 2125 influcnce at Yo o, 218"
244; summary of subject, ii. 246-249;
s ofin modifyng breedsof melei

301
Bt vmm milkerry, . 8543
!

on gooscher wheat,
i.817-818; exemy &,
1. 326: 1o the pota i the

melon i, 840; in Sonaug plmmi. i
363; in the hyacinth, i. 371; applied

of plants i, 411; illus-
42

(ENCE in 1811
ndividua phnu, LR35 of by
e Dingo, .26

Sers Lovauakes, on Eybeia ducks
M hylmd of o ot

billed duck and ltgy‘yt

e, on the St Valery appl, Fire

SEPENT Melon,

e, Olivce ds, wild poultry in Gui-

SeRusiux, whitosooded, antiquity of the,
i 420,

Seuria, found in tho Swiss lake-dwell
ings,
g, degonerstion of,
Youatts remarks on, i.
Sex. secondury cluructes of laent,
S1e52; of purents, inflaones o, on hy-
i

 Indin, i. 38;
4l

7.

SEXUAL characters, _somctimes lost in
domestication, ii. 74,

v lunitation of ‘characters, ii. 71-

Sextar peouariten, induged by domes-
eation in shep, - 95 in fowls, . 251-
257; transfer of, i, 265-25'

SexuaL variabilty i pigeons, i

2.

161

6
Sexuss sletion, . 75.
SHADDOCK, i.

S, e, on the mossrose 1. 370

Senga fowls §
SHANGHAT Aheey-, e feoundiy, i 07

Stax pons, b

Sutee, dinpated orin S 245 arly
domestication of. 1. 94 Targe-tailed, 1.
94, 95, 98, i, 219, variations n horhs,

ke Gad s St o 957
mucters of, induced by domes. |
tication, 1. 95, 96; adapiation of, to cli-

INDEX.

SIE-ROWLS,

‘mate and pasture, . 9

gostaton o, 1,7 e
Dot o 10| “ancon” or
“atter” broc

8 llnuclmm)»mmm\

0-101; cross
of German ud mrioo . 5301 bk
Karakool,

o tho Tarenting,

|
‘ Hleece of, i 9899,
i, 278

or_segregation on, ii
1085 Tnjerbreeding. of, . 11815
effect of nouristment i the fertili
L R St ol o
Tades oot canaitons
lotion of i " 213 aptoml
selotion in breeds

812; white,
Hypericum crispum, i,

4

puisoned by
¥ dogs resembling vlves
Smu, sinistrul o 53,
Saay, hie now rusatig of wheat i
415, 817; on crossing 04-
continious variaton of wheat, i

pri
sm,mu of, i 47; horses of, i.
o B o ko pric gl

103,1
8000, D, bybrds of the domestl eat
and Felis ornata, i, 45.

s-mm northern ranige of wild horses i

| mm,.v on the deafyes of whit cata
| with blie eyes, .

| e s on e psmmns o piss
’ 35 period

of gestation in the
mg’.?r e of e b ity
i. 78, 93; fortlity of the
Rk et e e
122; on tho colours of pigs, ii. 210,

| 2.
| SmEBoLD, on tho swect potat, ii. 509,
umégu», von Garl, on parthenogenesis, i,
in, i, 166,
67, 6.

| Silene, contabesceney
| Suxcrowss, i 530,

Bacwin Orline: By permiesion of the Trustees of the Natural History Museurm (London)



478 Sx-xoTH,

i, 167,
Suwkowomns, i, 300-904; domestion
species of, i, 300; hmm—y o m
cases
difforences

199}
ation of 1l 236 partbenognoty
iny i, 368,

Smxwoms, vriations of, 1. 301502
yielding white cocoons, less liablo to
discae, i 336,

SvenGrey rabbit, 1. 108, 111, 120,

Sniox; B, period

ences in the periods of da
o, i. 96; on tho teeth in caitle,
sl & 1, 822; on the breeling of
superior

oo, on o m....,,v of egasofth sike
moth in Chir, i

s, i Jy ogunnive pover oftho
Tuman embryo, i, 15,

Sidon, bxud.m-‘ in the branchiferous

S, g n cptivty, i, 154

Siaulrivm, resemblaico o he, o Ninta
e, i.

Sum drﬁnmnce of,an abstaclo to erossing,

Sm nnl.l i St e

hereditary affcctions of the,

7o
Sgmvm, R 55 on pigeons sctling on

trocs in F
Skow, chm-ncwm o i, in recls of
243 In brods o pigs .71 i

0.
Bttt b i o e 1.

SKvLARK, i,
LEBMAN, o0 %% heta, i, 151
i. 34

e
Suman (pigeon),
B e st 1

8
on'iho use ‘of numerous planis 6 food
in South Afren, L30T,

Sourr, Colonel Hamilton, on the odour of

lal, . 30; on the arigh of tho

h o
dog. i

n ull of dogs, i 34
R o p{vu\wr i 42; on thecars
I the dog, 1 801 1o tho breods of

eigin of the hars, 1. 515

INDEX.

Srx-arorm, Arindy, ii. 806,812; Tarroo,

5 striped horses
T aigiad v of o
hors, 150 on habees e ruping vy
snow, i, 52 ;" on Asinus hemit

feral pigs of Jumaica, i, 77-7¢

7i78,
m, Sir J. E., production of nectarines
clics 310;

453

o Viota ameia, i, 368; sterility of
Vinca minor in England, i

Soara, 5, development of the ovary in

Bonatei speviom, by iwrtation of tho

g, 1 103

. nfnencs of. th bl « Fo-

on the f Short-hor

S | w mv lhn inter-erossing of struw-

5.

SxAXES, form of tho Fiseera i

Sxariiacos, bud-variation i, 1

non-inerifanes of coloue i,
10

a8t
, i, 217
P sed with the normal form,
i 70,"93; asymmotrical o of

varia

Som, ‘adaptation of Bms n L 948 b
flience of. on the 701

intercrossing of species of,

Solanum tuberosum, . 8031

Soum-o0ED pis,

SoLouon s oo o e,
e Pl Yoo
shep,

{ahod el sheep broughe
Soowy Tobp . 3al 536,

Soro, Fendirand dé, on e culfiuton of
neive plants n Floride,

Sorghum,
S, hawthorn monogynons i, i
Seargioea, on el rbbie v,\p.

Eliope SR

la. 308+ expeimans o oot ¢
pizeon w.m meat, i,

Sea ndia, . 38; King Charles's,

i dmuemmn of, caused by inter”

brecding,

Seanian Tow
i. 226; early devel
characters in, i. Tia TR i ol

3

s, lty of distinguiing from
‘varieties mverion of waieis
inko, i, 5+ origin,of, by natursl selo-

4 m%’ b el steriy of
185180

Darwin Online: By permission of the Trustees of the MNatural History Museuri(Londan)



| seENcER. INDEX. stom,

in cuptvity, i, 160; individual,
i, rouliing from propugtion by
buds, cuttings, bulbs, Ses . 109; 31

on sclection in breeding,

i 103,
smm, ettt o o< suzeial of he
fttest of for

: 148,
changes producod by ‘external | conneoted with natural selcetion, 5
conitons, . 281; et of e on .
93, 206 ascent; of the. s of the, in
mnmmplmod 5 i, 167, 174175
i elk, i 8333934 on “phy. rnwln SRS et of disess o
syl nmu antagonism of i 174175, 273,
reodntian, 1 305 o | Brals. 4. H o o lablt of the
o o s T o Bombycide, i.305.
SPERIATOFHORES o s, Hon horeditory disass, i 70
s, r the, in_eulfivated
Cneummu,x S0+ mdtion of the,
i 402403,
Sroces bud varation i 1. 381 ftectof
pon the colour o o scstof
rue by seed, i, 20;
et

563864

ependance of, n inme ts,

SemNowa, sterility of, in captivity,
57,

Srivota, on the

jurious effct produced
Ty fovering busky

cwheat on white pigs,

ross broling of dheey;
96, 120; on the efects

|
J @ o o ravmiion ot simommal o
4 i 1187 mdmdxml ey, i 163 aritcs n man,
3 Seoses, reprodition of abmormal frms Smlln,vm'mllmum‘he production of by
i
| in pigeons, . 213, Snowacn, .mmm of the, affected by
30,607 Tood, . 902

K, ‘hogamous plants, | Sroxe'in m bladder, eroditary, il 8, 70.

ii. 90; "on the hnuymk i lu7. on | Sraawner 851354; _remarkible

e functons o fow Varieties of, uatbois, di
Semour, Mr., mmm.m of left palate

and hare-lip §

Sroms, of fowis

aious, ; selection in, ii.
midew ot n 228 ,..w.uu further
e e a i, 243; varicgated,
318 Citotsof ol on 1. 274
m e domestication of
ner erus, i 2573 o tho olour o tho
bill and legs in goose, L.
SmcumnlJ m
r oung of wild swine,
W

Sauasuss,
Savivmxe, hereditar
armunzts; eneally siorilo in captivty,
i. 13

Savimms, fying, brcling in omfioe
meat, i 152,

“SrAxmALSIGE Taube;

8100, ane hormad, supposed bveliy of
himeter oy i 13: degemeray o, in

6; of
tphalia,
feral
da, i

| the Highlands, i & 268
Timss ocourenee i 3 md\u-nun of, by erossing species of
4165 conwesion of, int picls 5055 P i el

s gmlhvm, i 302
Striz pass

Pro. dog of the | *Suutre-Tavws," i 15

onih Middins .18 o the Shigng e M. el of th fot
of flounders, i, 53, | lidchogted ige, . 757 on olyductyl-

Sraa, J, on hercditary dsease, .7, i 1514
Srom, propotency of trassmismion_of

charicters in sieep und cattle, ii.

shorption, of o

Srasizer, i do
oy gt
crosscs i, 10,104 from con
ditions oflf, . 148-165 ; occutring in
the deseendant of wild animala et

ority in ‘erossed
orrelation” of twisted.
}mms and carled wool In ‘sheeps

b arwin Criline: By permission of the Trustees of the Matursl Listory Museun (London)



NDEX. TeGETMEIER,

— o* Colwnba i and | Taen hm o, on Gl
e pigons |, 201 : 1“"‘*”‘ f, on Chillingham
ooxans, bud-arton by e .mm of disuso of parts

Suoan cane, sterl varions coun- TANR sl
|yonlm,mca tivity, i. 150,
2«;9.&;....”. Tabiliy o, Al oo, mun'Ivmﬂ plants,
on e v . 502 vrieties

oo, hereditary tendeney to, 7,75, 342 origin oo
Stpv, Admin on m fortes o the \;al e e s St e
o igs of | cherry, . 343 otigin of roes
the Fallland Tainads 577, feral ot | Topeny" mm\mnyg.'.? G u: fQE?“ i
of o Tlkland T ol | 250 rproduction o dhe i (s
i of th Kalan G | 112 | 35" s

T :’r'usi fhefe prfernce for piel-

0.
. v, Waniass of pgeons in
. |, Persia, i. 205, e

ou

f pigeons, i 156,
Swarxe, Mr, - .mﬂmu o

‘prococity of,
in Lighly bred uumuu. . m e
Intion of, with bair, doul

20; ﬂcchmnnmuon of, mlmim it

Swrr ul-variation in, 1. 3L ot i Toduniant ag
Swision, T, o Chincss pi Pustrta, i, 325
206; on striped Ohineso horses, 1. 50. credifar
SWITZERLAND, ancient , tuberele, 1. 832
of, in the Neolithic period, i Gavelopi o the pala
goats o, i | T v on cat it meatrons
Svoaon, pule-leaved variety of the, i, i o o vt pigeon,
157; nalked young of womo pigeons, i
s\-m, Colonel, on & Parish dog with | 170 frtlity of by ol
ke logs, i, 175 on small [ndian | on White pigeons,

s, 1. G5 on Gullus Sommerati, & | crmed bresas of T
233; on the voice of the Indian Kulm i

cock, i, 259; fortility of the fowl in | develoy f tho crunnl profule r.
most climat anco th Polish fow L 260, o

Snpurmm, : Derolitary departures from, skl in he
on the intel
hytum, varicgated, i 385, 264; correls

{aboranco and crest in Polish (ow\A L
i Jevelopment of the web in

r t of Polish fowls, i. 259: i
clopmont of soveral poculiartie in

sy
Sveas, Loreditary, i, 352,
asecs o, 1. 62,
ringa persica, hinensis and wlgaris, i
Ti.

5
. 355, o0 le Epanih
06 varioties of g

Tyomeos, on tho care faken by the lis %p.u..\. fowls,
in brooding animals,

Tugetes sig i1 952 pediarees of gune-to m 4
DAl Wi ¢ vt e s, nmmm?m of | [»mulu plum: a
236. ural selotion in
Taxi, occasional development of, in man, : pugnacity
ii57; never curled in wild snimal Tength of th
801'; rudimentary in hinese sheep, og"in Gl fovls i 230
ii. 315, origin of tho Sel ghl anta,
pEATIERS, Tmbers of, in t | iforoncos . the s o frwar L, 27
pigeons, i 136,150 ; pwulurmel of, in t o fowls,
s, i, 264-255; varial flocts of interbreeding in
fowls, . 208; culed, in “dnas botchas, | 1241257 mwb-lmu by mongrels of
and tame drakes, i, 2 non-itting races of fowls, if. 44;
T Rt 1, Verse comelation of ctes and comb

Darwin Online: Bv permission of the Trustees of the Natursl Liistory Museunitiohdony



TRINCE. INDEX. ey, 481

Thgja pendls ox flformie, w varoty of
ientalis, i 5

i s o of e Z00spares
ot an g i, 76
warmss, G. I,

miex, origin of domestc cats. i 48: | L 46 on 8 tw

' origin of domestic pigeons, i. 180 on | _cinea aud fulgens, .

i s mba i Bl feiienin tn rearing wild

m the cats of eylon,
A of Fuchic o’

“Tuog, rarely fotile fn captivity, i, 150,
151,

Tigridia condifiora, budevariation
56,
‘o importance of.n the poduction of
43,
’hmu‘l solfimpotence ia the potato,

Ear.

A =
n, i uzy bruqu of

of the partridge in c.pimzy, bid. m.ig nﬁn!ty oﬁ for special origanic
Tewms in Cueubi 458, i1, 916, | _substi

thoap it
;'on o e B icking peis . 351
Teret oo i 508 Tonsco crosing of vaites o 1. 105:
i, | pivtion o in Sweden, i, 307
Tonors, red-coloured eats of, . 47.
o mlaiive lengts ‘ot in fowls,

¢ | leveloprent, of fith in dogs,
gestat
.1 - of tho igs £ 4 sl | Toskum, Mr, i selcton of enttle, ii
. 87 experimentc on chango of soi, | 150,
Towato, i

mm. bnzdmgo'spamunl in eaptivity, | Towrrrs, Seo T
5 Toxeur, et o Ve sk e e
e eaton. &
Tosorum sampamitabon, peoriam 1n, . Toome cocurrenco of o molar, in place of |
(2

345,

Texas, foral caitle in, i, 85,

Tusoais, i noticn of the domestic fowl,
Al

Tnszgmmu his notice of the peach, ii.

Thesium,

Taowru, M on tho peach -
tarine, 1, 347" on the varities of the
aprico,i. 344 clasifoation af varie:

“ Tassmurr” (pigoans), . 146.
Tw:n.u o xeproduction in Hydra, i.
3

o
igeons in Soo yDoavourm” silkworm, | 501802
BN s s |

redogal Tirassotie Tmcxu, mhmmm o i (‘»7 59

i L5 drarans | T il s nd

Tb‘uk 'w!-by el o plants, conditions o
torso o iy of duclmn in, il 18118
15,  letion of th drome-

s of, o branhes, |
o gratting o sy and ey i
Glatontury 301, 1988 | i monacocin,
ity reproduchnn of the | Brticum turi . 819,
a1, Tritium eugarerwiid n Asin, . 512,
21

jarwm Online: By penmiesion of the Trusteas of the Matural History Museum (Londan).



TarTox

. roding in the branchiferons

ety
“;mumr Davnes i 164
“Toxro” pigeon. i. 144,
Tropactu i, 85

opieolum ménus nd magjus, reversion in
s L. g

UBETROY, perimonts widh
i e e
Trovsskav, Prof., pi lelngluul resemn-

planco o tvins,
o
et

Io4; known 1n

iz, do, grafthybrid pro-
"Rl By tmossaadion In the viok 1

“Tagmcor on the naked Peruvian dog, i
2 cxtinet w«ncuu of maize from
Peruvian fo 425,

i variation by i

e honly o Core iide,

cox

Tareap ducks L 28
‘oL vnrmb\h(y"f L 570; bud-raria
o, U388 soil in

T
Tosman T b 150-158; shortfuee,
ﬁuredp 2 skl figured d, i 1634

o
L 160,

ceurronco of hairs

polypoid, origin

2293

e young pigs in, . 76.
'nm.. (s]gv:an) i.136.
ompensatior

o0

11,
o, on an By

o the
¢, white

coloured, eross-

g o, i, 92

'fl
{0

INDEX.

VARIABILITY,

Turtur auritus, h)hnds o, with 7. can-

ulgaris, i

Turiur suratensis, sterilo hybrids of, with

T. vulgaris, i. 1983 hybrids of, with
auritus, 1. 194,

common pigeon, 1
VAT, aan ik
of, with " ewinss eyl
migratorius,

o of

e o

iy
l'uuLlagrr Jorfur voriogated . 388,
chaic coccinea wnd idgens,

91,

TyBoIAS, By on tho pigsof the Pucifl
islands, e dogs of tho
Pacific’ .snmd-, i,

T

.
@ prohibition of con-
122125,

105, n the
Sadguincous martisges
Unwras, dovelopment of the, i. 300,
Ul donble-flowered, i 16
Dlica campestris and ffua, hybrids o,

150,

Ustromiry of character, maintained by
crossing, i 85-90.

s of e body, fanctonal indepen-
ence of thie, i 565

Uy or plurlity of ariga of organisms

i

Ui e, . 550
Feretion of, . 350,
phprme e et L1,
05, 352505, 4 m,m i
R ke o
5 et o Satag o
it 41

Vi, experimental, producion of
double monsters by, i. 540.

Vallota, ii. 139,

Barbara, u hairy-fuced woman,

Stoxs on wild fuitzee, 1. 812, i,

Pm!ur on of varietics of the

-1m..m| T the by pensacelings. .
Vanta, spocie o, nok bpolating i cap-
s el
VARIABILTY, 1. 4
0642

lnw % i
for seletion, . I
8251

2 gl nomo-

1o g o

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



VARIATION.

4548 origin
88in n:u::hvg\m\ arotemol TibbtS
50; of mportant organs, 1, 3503

Mm\o"mu 0r ‘paralll, 1. 48352

" P lho horse and ass 1
i o2

apr
i, i wheat 1 S,
Vamsaumox of fllge, 1. 885, il 167-

and sposin, rsemblance, of
11415, cohwrsion,of, i

cies, Bnormal, i
estic, dly produced,
Vaso, on domesto ducks ', 217 o
feral fowls, . 88 crossing of the
and domestic ass, i. 200.
Vs, Mr, on the number

an
VagrmanLis, o v
SIS, Baropean, cultars o i T,
i 165160,
Yam, M, o bl of o
erersato: of sl o,
10

contabescent, wild
Villosity i, i, 277.

65
Verbaseum austriacum, 5i.
cum blatarid, i

105-105.
i, 105-106, 136,
6.

0.107,167; vari

Verbasoun thapous, i
Vemsexas, origin of,

scorching of dark,
of changed. condions el

Vo rken e ot T Barbers, .
02 inheritnce, of - pesulisr
foliigo in b

T

m R. al
v ifdinta, . of Dyl
leavs 883 ccloursof tlie 380
uncertainty of iul S
iy of whie flower . 30; pa’é..e
Howers of Linarin i 38; tendone
sripe fower o saikomaty of sobyas
705 Jovinterrossing of corain
fed p 1 steility of Pr
el o culyoes, 1. 166
on faril prokierous fowers, d.; o

483

Vision

the Trsh 7o, ii. 241; differcncen in
tho Camellia f. 251 eﬁ‘m of il on
fhe variogatéd

correla vnmhlhty o Pt i, 80

ferruca, i. 53, 401
Virmis, chamcters of, in_ mbbits, .
120122 in ducks, i. 285-284; nnmlher
and yaiations o, 5, pigeons, :
Rmbs nd, aharachels of bn fowly 1
20628, Nariabilty of nubera, i fhe

S sce Putsche,

Vasruas early iltivation in Broil, i.
811

Vinars experiments o tho ulivation
oftho vins from seed
Viuman ptun i 185, 516
i, wlion lallecouverted into o
tendril in
e e
Vasoster of | e i N

s,
Viuaonr, cultivation of the wild carrot,
i, 326, 1, 217 ; colours of tulips,i. 3367
uncertaint eritance in bolsams

ot
..mx Tt

i miner, iy o 1.
. 53551 ¢ nluylm\ud rever-
»plg\_lumd

“dion of 1. 882
by inotoulation in u\e, i

Sitom of e, o Vet ‘Toonr i
iola, specics of, 1,363,
me 1;4"; e R

Vin iiclr,revrsion i, .31, 47,
Vitcrow, Piots b;mdnm occtrring in
tho ollipringof comsanguinicu

ringes 1 143 on e growth
94, 381, on ecllular pmhﬁcnunn i,

205 fadegendence of the
o body, i 00 on th clls Sheary i
e ()f hairs and teeth i

i e of huirs in

e brain, T, 301 speci afitien of

o tisucs, i, 580 ; origin of polypoid
el and tumours i 851,

VingL on the selection of i
218, i 2053 o casle o b,

Vs idnds, ponicof, 1. 32

Vi
Vo, hesoditry peculirites of. . 8.9
A i0

arwin Online! By penmiesion of the Trustees of the MNatura) History. Museum (Londar).



vins,

o animls i 223
of organs
Comelated ith otbet pomliomiine o

Vi vinijera, | $52:334, 375.
a, m-nmy of species of, in cap-
ety
il f S ke palm, i, 256,
Voar.on the indistons of st
black kittens, il
Vorc, differences ol in fouls i
BT et

w,.mm. ¥. L on the history of the
1165 o e intrevni of the

o ndiary o
Wauss, e o Pt sterility, i

v.m)m

Boee of oesbetion ot 1 6.
Vom. on ‘the history of me L\vgv i 16;
t Listory of tho o1

dﬂmzl
277; Indian catt]

bl i 202 bisory of
0 of breeds, i.

Vox Basa o Verbaseun e
Voomimy, G, kis Jnowledge of by

cnihe
p:l)dnc!yhlm. iL.12; on

bt nfucnco of
thosh m]»e o the mvlhzr s pelvis on ler
child’s

Wapss, bebaviour of, in confinement, i

WanLexseno, on the propagation of
Aline plaus by buds,ranners bulbs
. 1

W AR FRWANDTSCHAPT " of Gistner,

WL, whito cattlo of, in the 10th cen-

WatEs, &7 on ntermaringe, i 404 on
the inheritance of polydactylis

Watiai. D., advantoge of ohange of sol

i 18,

o wheat, fi. 146.
Wattace, & R on  striped 3
hork, .59 on tho sonditians of 1fe
of fura aniaal, . 83 rtiic
i ige of birds, ii. 280

an polymorpli buttercs,
an roverson, i. 416; on tho limit of

! e oa tho ety o Spbin-
iiced i wutumn, i
T sheep, e

in'the horns of, 1. 9.
Watsriowan, bud mmm in, i
Wi o iy

jormis,i. 362
ALY, i, 550857 thin-shelled, at-
ekt tomie, . 3915 grafing of,

Waisu, B. D., on galls, ii.
Tt St e e

writies

piaton m e
Viola amana ad triolor, i. 868 on
roversion in Scoteh ki iy
of Drabaeylsiris when ulivled, it

03 on generaly distibuted il

vpu.um
oo, e i o o 8

WP, Mis, on ullan fows, . 228
Wann, Jams, nterbrecding of sheep, i

Wase, offet of tho thapoat the mothers

\Vw.ns e O
fication, coicidently with cultivated
. 8]

o of tros 1 861,

e trees, capricious inheri-

nos of, e

Waeviy, injury done to sione-fruit by, in
Nort Atncrica, i, 251,

WeLsi cattle, descended from Bos longi-

frons, . 81
Wasr Indies, foral Bigs ol 477 et of
climto o upon

8.

Sl

e sheep- . 108

Westmnansd, sixipel yomg pigs i, .7,

Wartvoon, 5. 0. an 2 peltic owers of
Caloularia 5, 4

qud.m‘ Arehbmlxup. on grafting early
an

i ty or diversity of, i.
12513, 316917; o' 913 g
of barbs i

ereased
ot with glope . T10; ad-

Danwin Online: Bv permission of the Trustees of the MNatural History Museurilondon)



TS,

aatage of chango of sl o i, 146

crosse
Wikee Gilbar,viguitle dio f doge .

Warme and white-spotied animals, lis-
bility of, to discase, i, 536-
s fovor, mast ruly ‘reproduced by

Wikt S, on hybrid willos, .50,

malogy bbween tho pollen
of old-cultivated plants, aud of hybrids,
i 268

, M, inheritance of the primary

characiers of Golumba, o in cruse.

pizeons, i. 201; production of &
white' head in olmon umbler i

WicksTED, Mr, on eases of individual
sterility,

Wisauans, poutansons crossing of blue
and while: peas, 1. 897; crossing of
varieties of cabbage, i. 130

Yemence, 165

i 104,
Wiswiaxs, M,  daage ol [plumgv in'a

Hamburgh e
Wistaun, M- nlarenbang of v
T, 555
Witatiuiow, Capt, degeneration of dog
i Tndi, 1. 575 o el Indio, ey

Wittasos, Rev. W, doubling of Ane-
coronaria by sélection, 1. 200.

WiLLows, weeping, ; reversion o
spiml-leaved weeping, i. 388: hybrids
o L 207, gl of i Zs2385,

w.mmsm, spot pigeons, i

5 on # funtall |

) gy

485

on the. ud carrior p[amn
i 211 on the e duck, . 277.
Wiaior, Mr., on o crested white Turkey
i revension of

sheep in

Witkow, B O, frtity of Jbrids of
humpod and”oninnry ca Tas-

Witsoy, Dn prvpmentyv of the Manx over
the e

3 o dogn, .16,
Witzos, Mr, on preplency o mnmis-
b 605 on'th breding

of bulls,

Wsas, J)mpqrtmmnw Teneth of in diffrent.
brec Y576 of fovly
auots of dienae o i, 270 272 cha
ers und waratons of, in ducks, i S0

; diminution nf In- birds of small
,.xmdm 250+
o pigeons, i
Vi varibility o, = !uwlg
b s O
+ bybrids

rican,
o e i region, i.

BIBs2 by o s

oY, Mr., crossing of the Li Eiguien

variability of
Wooowaup&P.on Areti Mnllusu,n 255
Woon, v..nm.ghby, on Mr. Butes

ke T

Hlmuhym it 1 100"yt

s wl«l_xxgd ‘wlyx in'a crossed
i. 365,

sps, b
Watour, J. production
by shirthornod cat]

thon incatle, i 194; offoet. of loss
interbreeding ‘on pigs, il. 121-122;
deterioration of gimo cocks by closo
interbroeding, ii. 124.

Whia, Strethill, on the development.
e hydvian, . 308

Wranax,

catlo, and_on .
il malformation in. the codfil
80; on Virginian pigs, i 227.

on the colours of hunting

s, Cardinal,

|, regulations for the
selection of rams, ii. 204.

“Latoo?” the name of the pigon in
Persia,

Yite: Seiesiaicn o 182
of whito-tailed,

solection

Barwin Online: By permission of the Tristees of the Naturs) Listory. Museur (Londar)



Darwin Online:

486

Yax, demhgmm of wxillary bulbs in
the, i
Yumnh e ot

ey of
84,11 526, on ducksy

hair
. 279, il of domestic
so0se, mmbm num of A i
Joonn . 258

e }\cn York, i. 809,
Yew, weeping, propagation. of,
by soed, i. 13

Joriationsof in the eggs of ducks,

A, 2. istory of the dog, i 10:17
“Suriations of Gha pules. in_ broeds. oF
iability to discase in
8 il 927 inheriianeo of
i, 10; on the grey-

on’ King Charles'

number of riba i ths horee, i, 50} ine
heritance of discases in the lors, i

10, 11; introduction of Eastern
indo Fm.lmh Borsen, 1, 212

o white poris o s, . 897

THE

2ovp-TATBE.

dmplﬂumemi of long ol by o

dAer o clinate und pestn
of Wallaclian sheop, i.
Zoological (,hnlems i

a0, o acomaten
sleiion on ey, i 215 rovrsion
f Leicoscraheep n i e

il med shoep,
1. 836; rediotion of ‘bove, i sheey
i, 242; persistency of character i
breeds, of animale § momsinos

counties, ii. 6 ing
16 i ox-
o production of breeds,
in ho Bible relating

*‘2

s bnet\mgo animals,

i the Belgian rabbit, i, 106,
cmg on a Burmese hairy fumily,
1,8

e, triped young pigs on tho, . 77.
Zamos, dhurscer o the,

o, . G i b bt o
Yorto tanw b). Ty

o Mg |

Fenc, 1770: Gomontication o the, L

femle e
1

brids of, with hi ass and mare,

by
i 43,
eplyranthe candids i 1o
Zinnia, cultivation o, i

T s o e g . .

280,
Zeosrous, division o, in Alge,
“ Zor Tavs,” i. 154,

END.

By pemmiesion of the Trustees of the Matural History Mussum (London)



AvpENARLE STREET,
February, 1868,

WORKS ON SCIENCE, &.

A MANUAL OF SCIENTIFIC INQUIRY. Edited by Sir J. F.
‘Hamsouwr, and Rev. Roukwr Mars.  rd Edition. Maps. Post 8vo. 95

THE MARTYRS OF SCIENCE; or, Lives or GaLILEo, TycHO
Brank, ud Kesegn, By Sir DaviD Brewstee.  Forp. 8vo. ds. 6.

MORE WORLDS THAN ONE: TaE CREED OF THE PHILOSOPHER,

AND T Hope oF Tui Cutistax. By Sir DAVID BRRWSTER. Post 8vo, 6s.

ELEMENTS OF GEOLOGY ; or, The Ancient Changes of the Earth
sud okl T SRS L UG By & O v
Bart,, RRS. 6th Edition. With 770 Woodeuts,  8vo. 185,

PRINCIPLES OF GEOLOGY; or, The Modern Changes of the Farth
and its Tuhabitants, considered as illustrative of Geslogy, By Sir CHARLES LYELL,
Bart. 10th Edition. 2 vols. 8w, 1

'l‘HF A\IT[QUITY OF MAN FROM GEOLOGICAL EVIDENCES ; with
ks on Theories of the SPECIES by Variation. By Sit Chiattts
IH.I.L, ‘Bat.Sed b, Wstratios, v ey

SILURIA: a Hmory of the Oldest Rocks in the British IsIc~ and
ather € with & Sketch of the Distribution of Native Gold. By »
Rommana Mot ek s Tanta, Map and Dlustrations. o

RAMBLES OF A NATURALIST ON THE SHORE:
WATERS OF THE CHINA SEAS. By Cumuuesr Cousaxawoon, F.
Hiustrations, - Sro, [Just Roady.

ON MOLECULAR AND MICROSCOPIC SCIEW,E By Mary
SowunviLue. With Iustrations. 2 vols, Post [Just Ready.

THE HARVEST OF THE SEA: A Contatsurion 10 itk NaTuRAL
AND. e History or e Brrrsn Fo Fisu ANES ERTIAS
With 50 Illustrations.  21s, i ik =

ON SCIENTIFIC EDUCATION IN SCHOOLS. A Report pre-
ntel {0 the British Assocition for the Advancment of Scieace at Dundes, in 1857,

[Continued.

larwin Online: By bennission of the Trustees of the Natura) Histery Museum (Londor).



WORKS ON SCIENCE, &.

THE CONNECTION OF THE PHYSICAL SCIENCES. By
MARY SOMERVILLLE, 9k Edition. Portrait, Post 8vo. 95,

PHYSICAL GEOGRAPHY. By MaRv SOMERVILLE. st Edition.
Portrait, Post vo. 9s.

THE RIVERS, MOUNTAINS, AND SEA-COAST OF YORK-
SHIRE. With Essays on the Climate, Sconery, and Ancient Inhabitants of the Country.
By Jous Puauties, F.RS. 2nd Edition. Plates, Svo. 130,

THE PHYSICAL GEOGRAPHY OF THE HOLY LAND. By
Rev. Epwaup Rosixsox, D.D. Post 8vo. 10, 6d.

THE GLACIERS OF THE ALPS; a Namative of Excursions and
Ascents; and Observations on the Ong'mvf Phenomena of Gluclers, By JOr TYNpALL,
FRS. Tustrations. Post 8

THE ORIGIN OF SPECIES BY MEANS OF NATURAL SELECTION ;
or, The Preservation of Favoured Races i the S R
FRS. 40k Eaton. Wastious Post oo,

THE FERTILIZATION OF ORCHIDS THROUGH INSECT AGENCY.
By Crawies Darwix, .3, Wooleuts. Post Svo. 95,

A NATURALIST'S VOYAGE ROUND THE WORLD. By
Cuanues Dawwrs, BR.S. 7th Edition. Ulostrations.  Post svo. 95,

TRAVELS OF A FRENCH NATURALIST W S[AM By HENRI
Mounior, FRG.S. With 80 Illustrations. 2 vols. 8vo.

THE NATURALIST ON THE RIVER AMAZONS; DURING
Evevex YEams op Teaviis, By H. W. Baves. 2nd Edition. Tlustrations.
Post 8v0. 126,

TRAVELS IN PERU AND INDIA ; while Superintending the Col-
Jection of Cinchona Plants aod Seods, and.their Tntroduction into India, By CuzxeTs
R Magsnax, Dlustrations. 8o, 16

THE PRINCIPLES OF SURGERY. By Jamrs SvmE, Professor of
Clinical Surgery in the University of Efinburgh. 3¢ Edition. Sro. 12s.

JOHN MURRAY, ALBEMARLE STREET.

£

Catic Ohilne - By pefmission of the Trustees of the Natural History Museurn (London).






Darwin Online:









	1868_Variation_F878.2_Page_001
	1868_Variation_F878.2_Page_002
	1868_Variation_F878.2_Page_003
	1868_Variation_F878.2_Page_004
	1868_Variation_F878.2_Page_005
	1868_Variation_F878.2_Page_006
	1868_Variation_F878.2_Page_007
	1868_Variation_F878.2_Page_008
	1868_Variation_F878.2_Page_009
	1868_Variation_F878.2_Page_010
	1868_Variation_F878.2_Page_011
	1868_Variation_F878.2_Page_012
	1868_Variation_F878.2_Page_013
	1868_Variation_F878.2_Page_014
	1868_Variation_F878.2_Page_015
	1868_Variation_F878.2_Page_016
	1868_Variation_F878.2_Page_017
	1868_Variation_F878.2_Page_018
	1868_Variation_F878.2_Page_019
	1868_Variation_F878.2_Page_020
	1868_Variation_F878.2_Page_021
	1868_Variation_F878.2_Page_022
	1868_Variation_F878.2_Page_023
	1868_Variation_F878.2_Page_024
	1868_Variation_F878.2_Page_025
	1868_Variation_F878.2_Page_026
	1868_Variation_F878.2_Page_027
	1868_Variation_F878.2_Page_028
	1868_Variation_F878.2_Page_029
	1868_Variation_F878.2_Page_030
	1868_Variation_F878.2_Page_031
	1868_Variation_F878.2_Page_032
	1868_Variation_F878.2_Page_033
	1868_Variation_F878.2_Page_034
	1868_Variation_F878.2_Page_035
	1868_Variation_F878.2_Page_036
	1868_Variation_F878.2_Page_037
	1868_Variation_F878.2_Page_038
	1868_Variation_F878.2_Page_039
	1868_Variation_F878.2_Page_040
	1868_Variation_F878.2_Page_041
	1868_Variation_F878.2_Page_042
	1868_Variation_F878.2_Page_043
	1868_Variation_F878.2_Page_044
	1868_Variation_F878.2_Page_045
	1868_Variation_F878.2_Page_046
	1868_Variation_F878.2_Page_047
	1868_Variation_F878.2_Page_048
	1868_Variation_F878.2_Page_049
	1868_Variation_F878.2_Page_050
	1868_Variation_F878.2_Page_051
	1868_Variation_F878.2_Page_052
	1868_Variation_F878.2_Page_053
	1868_Variation_F878.2_Page_054
	1868_Variation_F878.2_Page_055
	1868_Variation_F878.2_Page_056
	1868_Variation_F878.2_Page_057
	1868_Variation_F878.2_Page_058
	1868_Variation_F878.2_Page_059
	1868_Variation_F878.2_Page_060
	1868_Variation_F878.2_Page_061
	1868_Variation_F878.2_Page_062
	1868_Variation_F878.2_Page_063
	1868_Variation_F878.2_Page_064
	1868_Variation_F878.2_Page_065
	1868_Variation_F878.2_Page_066
	1868_Variation_F878.2_Page_067
	1868_Variation_F878.2_Page_068
	1868_Variation_F878.2_Page_069
	1868_Variation_F878.2_Page_070
	1868_Variation_F878.2_Page_071
	1868_Variation_F878.2_Page_072
	1868_Variation_F878.2_Page_073
	1868_Variation_F878.2_Page_074
	1868_Variation_F878.2_Page_075
	1868_Variation_F878.2_Page_076
	1868_Variation_F878.2_Page_077
	1868_Variation_F878.2_Page_078
	1868_Variation_F878.2_Page_079
	1868_Variation_F878.2_Page_080
	1868_Variation_F878.2_Page_081
	1868_Variation_F878.2_Page_082
	1868_Variation_F878.2_Page_083
	1868_Variation_F878.2_Page_084
	1868_Variation_F878.2_Page_085
	1868_Variation_F878.2_Page_086
	1868_Variation_F878.2_Page_087
	1868_Variation_F878.2_Page_088
	1868_Variation_F878.2_Page_089
	1868_Variation_F878.2_Page_090
	1868_Variation_F878.2_Page_091
	1868_Variation_F878.2_Page_092
	1868_Variation_F878.2_Page_093
	1868_Variation_F878.2_Page_094
	1868_Variation_F878.2_Page_095
	1868_Variation_F878.2_Page_096
	1868_Variation_F878.2_Page_097
	1868_Variation_F878.2_Page_098
	1868_Variation_F878.2_Page_099
	1868_Variation_F878.2_Page_100
	1868_Variation_F878.2_Page_101
	1868_Variation_F878.2_Page_102
	1868_Variation_F878.2_Page_103
	1868_Variation_F878.2_Page_104
	1868_Variation_F878.2_Page_105
	1868_Variation_F878.2_Page_106
	1868_Variation_F878.2_Page_107
	1868_Variation_F878.2_Page_108
	1868_Variation_F878.2_Page_109
	1868_Variation_F878.2_Page_110
	1868_Variation_F878.2_Page_111
	1868_Variation_F878.2_Page_112
	1868_Variation_F878.2_Page_113
	1868_Variation_F878.2_Page_114
	1868_Variation_F878.2_Page_115
	1868_Variation_F878.2_Page_116
	1868_Variation_F878.2_Page_117
	1868_Variation_F878.2_Page_118
	1868_Variation_F878.2_Page_119
	1868_Variation_F878.2_Page_120
	1868_Variation_F878.2_Page_121
	1868_Variation_F878.2_Page_122
	1868_Variation_F878.2_Page_123
	1868_Variation_F878.2_Page_124
	1868_Variation_F878.2_Page_125
	1868_Variation_F878.2_Page_126
	1868_Variation_F878.2_Page_127
	1868_Variation_F878.2_Page_128
	1868_Variation_F878.2_Page_129
	1868_Variation_F878.2_Page_130
	1868_Variation_F878.2_Page_131
	1868_Variation_F878.2_Page_132
	1868_Variation_F878.2_Page_133
	1868_Variation_F878.2_Page_134
	1868_Variation_F878.2_Page_135
	1868_Variation_F878.2_Page_136
	1868_Variation_F878.2_Page_137
	1868_Variation_F878.2_Page_138
	1868_Variation_F878.2_Page_139
	1868_Variation_F878.2_Page_140
	1868_Variation_F878.2_Page_141
	1868_Variation_F878.2_Page_142
	1868_Variation_F878.2_Page_143
	1868_Variation_F878.2_Page_144
	1868_Variation_F878.2_Page_145
	1868_Variation_F878.2_Page_146
	1868_Variation_F878.2_Page_147
	1868_Variation_F878.2_Page_148
	1868_Variation_F878.2_Page_149
	1868_Variation_F878.2_Page_150
	1868_Variation_F878.2_Page_151
	1868_Variation_F878.2_Page_152
	1868_Variation_F878.2_Page_153
	1868_Variation_F878.2_Page_154
	1868_Variation_F878.2_Page_155
	1868_Variation_F878.2_Page_156
	1868_Variation_F878.2_Page_157
	1868_Variation_F878.2_Page_158
	1868_Variation_F878.2_Page_159
	1868_Variation_F878.2_Page_160
	1868_Variation_F878.2_Page_161
	1868_Variation_F878.2_Page_162
	1868_Variation_F878.2_Page_163
	1868_Variation_F878.2_Page_164
	1868_Variation_F878.2_Page_165
	1868_Variation_F878.2_Page_166
	1868_Variation_F878.2_Page_167
	1868_Variation_F878.2_Page_168
	1868_Variation_F878.2_Page_169
	1868_Variation_F878.2_Page_170
	1868_Variation_F878.2_Page_171
	1868_Variation_F878.2_Page_172
	1868_Variation_F878.2_Page_173
	1868_Variation_F878.2_Page_174
	1868_Variation_F878.2_Page_175
	1868_Variation_F878.2_Page_176
	1868_Variation_F878.2_Page_177
	1868_Variation_F878.2_Page_178
	1868_Variation_F878.2_Page_179
	1868_Variation_F878.2_Page_180
	1868_Variation_F878.2_Page_181
	1868_Variation_F878.2_Page_182
	1868_Variation_F878.2_Page_183
	1868_Variation_F878.2_Page_184
	1868_Variation_F878.2_Page_185
	1868_Variation_F878.2_Page_186
	1868_Variation_F878.2_Page_187
	1868_Variation_F878.2_Page_188
	1868_Variation_F878.2_Page_189
	1868_Variation_F878.2_Page_190
	1868_Variation_F878.2_Page_191
	1868_Variation_F878.2_Page_192
	1868_Variation_F878.2_Page_193
	1868_Variation_F878.2_Page_194
	1868_Variation_F878.2_Page_195
	1868_Variation_F878.2_Page_196
	1868_Variation_F878.2_Page_197
	1868_Variation_F878.2_Page_198
	1868_Variation_F878.2_Page_199
	1868_Variation_F878.2_Page_200
	1868_Variation_F878.2_Page_201
	1868_Variation_F878.2_Page_202
	1868_Variation_F878.2_Page_203
	1868_Variation_F878.2_Page_204
	1868_Variation_F878.2_Page_205
	1868_Variation_F878.2_Page_206
	1868_Variation_F878.2_Page_207
	1868_Variation_F878.2_Page_208
	1868_Variation_F878.2_Page_209
	1868_Variation_F878.2_Page_210
	1868_Variation_F878.2_Page_211
	1868_Variation_F878.2_Page_212
	1868_Variation_F878.2_Page_213
	1868_Variation_F878.2_Page_214
	1868_Variation_F878.2_Page_215
	1868_Variation_F878.2_Page_216
	1868_Variation_F878.2_Page_217
	1868_Variation_F878.2_Page_218
	1868_Variation_F878.2_Page_219
	1868_Variation_F878.2_Page_220
	1868_Variation_F878.2_Page_221
	1868_Variation_F878.2_Page_222
	1868_Variation_F878.2_Page_223
	1868_Variation_F878.2_Page_224
	1868_Variation_F878.2_Page_225
	1868_Variation_F878.2_Page_226
	1868_Variation_F878.2_Page_227
	1868_Variation_F878.2_Page_228
	1868_Variation_F878.2_Page_229
	1868_Variation_F878.2_Page_230
	1868_Variation_F878.2_Page_231
	1868_Variation_F878.2_Page_232
	1868_Variation_F878.2_Page_233
	1868_Variation_F878.2_Page_234
	1868_Variation_F878.2_Page_235
	1868_Variation_F878.2_Page_236
	1868_Variation_F878.2_Page_237
	1868_Variation_F878.2_Page_238
	1868_Variation_F878.2_Page_239
	1868_Variation_F878.2_Page_240
	1868_Variation_F878.2_Page_241
	1868_Variation_F878.2_Page_242
	1868_Variation_F878.2_Page_243
	1868_Variation_F878.2_Page_244
	1868_Variation_F878.2_Page_245
	1868_Variation_F878.2_Page_246
	1868_Variation_F878.2_Page_247
	1868_Variation_F878.2_Page_248
	1868_Variation_F878.2_Page_249
	1868_Variation_F878.2_Page_250
	1868_Variation_F878.2_Page_251
	1868_Variation_F878.2_Page_252
	1868_Variation_F878.2_Page_253
	1868_Variation_F878.2_Page_254
	1868_Variation_F878.2_Page_255
	1868_Variation_F878.2_Page_256
	1868_Variation_F878.2_Page_257
	1868_Variation_F878.2_Page_258
	1868_Variation_F878.2_Page_259
	1868_Variation_F878.2_Page_260
	1868_Variation_F878.2_Page_261
	1868_Variation_F878.2_Page_262
	1868_Variation_F878.2_Page_263
	1868_Variation_F878.2_Page_264
	1868_Variation_F878.2_Page_265
	1868_Variation_F878.2_Page_266
	1868_Variation_F878.2_Page_267
	1868_Variation_F878.2_Page_268
	1868_Variation_F878.2_Page_269
	1868_Variation_F878.2_Page_270
	1868_Variation_F878.2_Page_271
	1868_Variation_F878.2_Page_272
	1868_Variation_F878.2_Page_273
	1868_Variation_F878.2_Page_274
	1868_Variation_F878.2_Page_275
	1868_Variation_F878.2_Page_276
	1868_Variation_F878.2_Page_277
	1868_Variation_F878.2_Page_278
	1868_Variation_F878.2_Page_279
	1868_Variation_F878.2_Page_280
	1868_Variation_F878.2_Page_281
	1868_Variation_F878.2_Page_282
	1868_Variation_F878.2_Page_283
	1868_Variation_F878.2_Page_284
	1868_Variation_F878.2_Page_285
	1868_Variation_F878.2_Page_286
	1868_Variation_F878.2_Page_287
	1868_Variation_F878.2_Page_288
	1868_Variation_F878.2_Page_289
	1868_Variation_F878.2_Page_290
	1868_Variation_F878.2_Page_291
	1868_Variation_F878.2_Page_292
	1868_Variation_F878.2_Page_293
	1868_Variation_F878.2_Page_294
	1868_Variation_F878.2_Page_295
	1868_Variation_F878.2_Page_296
	1868_Variation_F878.2_Page_297
	1868_Variation_F878.2_Page_298
	1868_Variation_F878.2_Page_299
	1868_Variation_F878.2_Page_300
	1868_Variation_F878.2_Page_301
	1868_Variation_F878.2_Page_302
	1868_Variation_F878.2_Page_303
	1868_Variation_F878.2_Page_304
	1868_Variation_F878.2_Page_305
	1868_Variation_F878.2_Page_306
	1868_Variation_F878.2_Page_307
	1868_Variation_F878.2_Page_308
	1868_Variation_F878.2_Page_309
	1868_Variation_F878.2_Page_310
	1868_Variation_F878.2_Page_311
	1868_Variation_F878.2_Page_312
	1868_Variation_F878.2_Page_313
	1868_Variation_F878.2_Page_314
	1868_Variation_F878.2_Page_315
	1868_Variation_F878.2_Page_316
	1868_Variation_F878.2_Page_317
	1868_Variation_F878.2_Page_318
	1868_Variation_F878.2_Page_319
	1868_Variation_F878.2_Page_320
	1868_Variation_F878.2_Page_321
	1868_Variation_F878.2_Page_322
	1868_Variation_F878.2_Page_323
	1868_Variation_F878.2_Page_324
	1868_Variation_F878.2_Page_325
	1868_Variation_F878.2_Page_326
	1868_Variation_F878.2_Page_327
	1868_Variation_F878.2_Page_328
	1868_Variation_F878.2_Page_329
	1868_Variation_F878.2_Page_330
	1868_Variation_F878.2_Page_331
	1868_Variation_F878.2_Page_332
	1868_Variation_F878.2_Page_333
	1868_Variation_F878.2_Page_334
	1868_Variation_F878.2_Page_335
	1868_Variation_F878.2_Page_336
	1868_Variation_F878.2_Page_337
	1868_Variation_F878.2_Page_338
	1868_Variation_F878.2_Page_339
	1868_Variation_F878.2_Page_340
	1868_Variation_F878.2_Page_341
	1868_Variation_F878.2_Page_342
	1868_Variation_F878.2_Page_343
	1868_Variation_F878.2_Page_344
	1868_Variation_F878.2_Page_345
	1868_Variation_F878.2_Page_346
	1868_Variation_F878.2_Page_347
	1868_Variation_F878.2_Page_348
	1868_Variation_F878.2_Page_349
	1868_Variation_F878.2_Page_350
	1868_Variation_F878.2_Page_351
	1868_Variation_F878.2_Page_352
	1868_Variation_F878.2_Page_353
	1868_Variation_F878.2_Page_354
	1868_Variation_F878.2_Page_355
	1868_Variation_F878.2_Page_356
	1868_Variation_F878.2_Page_357
	1868_Variation_F878.2_Page_358
	1868_Variation_F878.2_Page_359
	1868_Variation_F878.2_Page_360
	1868_Variation_F878.2_Page_361
	1868_Variation_F878.2_Page_362
	1868_Variation_F878.2_Page_363
	1868_Variation_F878.2_Page_364
	1868_Variation_F878.2_Page_365
	1868_Variation_F878.2_Page_366
	1868_Variation_F878.2_Page_367
	1868_Variation_F878.2_Page_368
	1868_Variation_F878.2_Page_369
	1868_Variation_F878.2_Page_370
	1868_Variation_F878.2_Page_371
	1868_Variation_F878.2_Page_372
	1868_Variation_F878.2_Page_373
	1868_Variation_F878.2_Page_374
	1868_Variation_F878.2_Page_375
	1868_Variation_F878.2_Page_376
	1868_Variation_F878.2_Page_377
	1868_Variation_F878.2_Page_378
	1868_Variation_F878.2_Page_379
	1868_Variation_F878.2_Page_380
	1868_Variation_F878.2_Page_381
	1868_Variation_F878.2_Page_382
	1868_Variation_F878.2_Page_383
	1868_Variation_F878.2_Page_384
	1868_Variation_F878.2_Page_385
	1868_Variation_F878.2_Page_386
	1868_Variation_F878.2_Page_387
	1868_Variation_F878.2_Page_388
	1868_Variation_F878.2_Page_389
	1868_Variation_F878.2_Page_390
	1868_Variation_F878.2_Page_391
	1868_Variation_F878.2_Page_392
	1868_Variation_F878.2_Page_393
	1868_Variation_F878.2_Page_394
	1868_Variation_F878.2_Page_395
	1868_Variation_F878.2_Page_396
	1868_Variation_F878.2_Page_397
	1868_Variation_F878.2_Page_398
	1868_Variation_F878.2_Page_399
	1868_Variation_F878.2_Page_400
	1868_Variation_F878.2_Page_401
	1868_Variation_F878.2_Page_402
	1868_Variation_F878.2_Page_403
	1868_Variation_F878.2_Page_404
	1868_Variation_F878.2_Page_405
	1868_Variation_F878.2_Page_406
	1868_Variation_F878.2_Page_407
	1868_Variation_F878.2_Page_408
	1868_Variation_F878.2_Page_409
	1868_Variation_F878.2_Page_410
	1868_Variation_F878.2_Page_411
	1868_Variation_F878.2_Page_412
	1868_Variation_F878.2_Page_413
	1868_Variation_F878.2_Page_414
	1868_Variation_F878.2_Page_415
	1868_Variation_F878.2_Page_416
	1868_Variation_F878.2_Page_417
	1868_Variation_F878.2_Page_418
	1868_Variation_F878.2_Page_419
	1868_Variation_F878.2_Page_420
	1868_Variation_F878.2_Page_421
	1868_Variation_F878.2_Page_422
	1868_Variation_F878.2_Page_423
	1868_Variation_F878.2_Page_424
	1868_Variation_F878.2_Page_425
	1868_Variation_F878.2_Page_426
	1868_Variation_F878.2_Page_427
	1868_Variation_F878.2_Page_428
	1868_Variation_F878.2_Page_429
	1868_Variation_F878.2_Page_430
	1868_Variation_F878.2_Page_431
	1868_Variation_F878.2_Page_432
	1868_Variation_F878.2_Page_433
	1868_Variation_F878.2_Page_434
	1868_Variation_F878.2_Page_435
	1868_Variation_F878.2_Page_436
	1868_Variation_F878.2_Page_437
	1868_Variation_F878.2_Page_438
	1868_Variation_F878.2_Page_439
	1868_Variation_F878.2_Page_440
	1868_Variation_F878.2_Page_441
	1868_Variation_F878.2_Page_442
	1868_Variation_F878.2_Page_443
	1868_Variation_F878.2_Page_444
	1868_Variation_F878.2_Page_445
	1868_Variation_F878.2_Page_446
	1868_Variation_F878.2_Page_447
	1868_Variation_F878.2_Page_448
	1868_Variation_F878.2_Page_449
	1868_Variation_F878.2_Page_450
	1868_Variation_F878.2_Page_451
	1868_Variation_F878.2_Page_452
	1868_Variation_F878.2_Page_453
	1868_Variation_F878.2_Page_454
	1868_Variation_F878.2_Page_455
	1868_Variation_F878.2_Page_456
	1868_Variation_F878.2_Page_457
	1868_Variation_F878.2_Page_458
	1868_Variation_F878.2_Page_459
	1868_Variation_F878.2_Page_460
	1868_Variation_F878.2_Page_461
	1868_Variation_F878.2_Page_462
	1868_Variation_F878.2_Page_463
	1868_Variation_F878.2_Page_464
	1868_Variation_F878.2_Page_465
	1868_Variation_F878.2_Page_466
	1868_Variation_F878.2_Page_467
	1868_Variation_F878.2_Page_468
	1868_Variation_F878.2_Page_469
	1868_Variation_F878.2_Page_470
	1868_Variation_F878.2_Page_471
	1868_Variation_F878.2_Page_472
	1868_Variation_F878.2_Page_473
	1868_Variation_F878.2_Page_474
	1868_Variation_F878.2_Page_475
	1868_Variation_F878.2_Page_476
	1868_Variation_F878.2_Page_477
	1868_Variation_F878.2_Page_478
	1868_Variation_F878.2_Page_479
	1868_Variation_F878.2_Page_480
	1868_Variation_F878.2_Page_481
	1868_Variation_F878.2_Page_482
	1868_Variation_F878.2_Page_483
	1868_Variation_F878.2_Page_484
	1868_Variation_F878.2_Page_485
	1868_Variation_F878.2_Page_486
	1868_Variation_F878.2_Page_487
	1868_Variation_F878.2_Page_488
	1868_Variation_F878.2_Page_489
	1868_Variation_F878.2_Page_490
	1868_Variation_F878.2_Page_491
	1868_Variation_F878.2_Page_492
	1868_Variation_F878.2_Page_493
	1868_Variation_F878.2_Page_494
	1868_Variation_F878.2_Page_495
	1868_Variation_F878.2_Page_496
	1868_Variation_F878.2_Page_497
	1868_Variation_F878.2_Page_498
	1868_Variation_F878.2_Page_499
	1868_Variation_F878.2_Page_500
	1868_Variation_F878.2_Page_501
	1868_Variation_F878.2_Page_502
	1868_Variation_F878.2_Page_503
	1868_Variation_F878.2_Page_504
	1868_Variation_F878.2_Page_505
	1868_Variation_F878.2_Page_506
	1868_Variation_F878.2_Page_507

