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THE

VARIATION OF ANIMALS AND PLANTS

U

DER DOMESTICATION.

CHAPTER XIII.
INHERITANCE continued —REVERSION OR ATAVISM.

DIFFERENT FORMS OF REVERSION—IN PURE OF UNCROSSED BREEDS, AS IN
FIGEONS, FOWLS, HORNLESS CATTLE AND SHEEP, IN CULTIVATED PLANTS

VARIETIES AND v THROUGH AND

‘\‘\*_mh IN FERAL ANDIALS AND FLANTS—REVERSION IN CROSSED

DY SEGMENTS IN THE SAME FLOWER OR FRUIT—IN DIFFERENT PARTS
OF THE BODY IN THE SAME ANIMAL—THE ACT OF CROSSING A DIRECT
CAUSE OP REVERSION, VARIOUS CASES OF, WITH INSTINCTS —OTHER
PROXIMATE CAUSES OF REVERSION — LATENT CHARACTERS — SECONDARY
SEXCAL CHARACTERS—UNEQUAL DEVELOPMENT OF THE TWO SIDES OF
B BODY—ATFEALANGE WITI ADVANGING AGE OF CHARACTERS DEVIVED

GERM, WITH ALL ITS LATENT CHARACTERS, A
[S081 mer. Grinor-oxsracereiss — rxiono Tiowss DUD Y sons
CASES O REVERSION,

Tae 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, de-
rived from atayus, an ancestor; by the English terms of

Reversion, or Throwing-back ; by the French Pasen-Arrire ;

and by the German Riickschlag, or Rickschritt. When the

child resembles either grandparent more closely than its
immediate parents, our attention is 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 in the last case wé must attribute this to

the descent of all the members from a common progenitor,—
we feel a just degree of astonishment. When one parent
alone. d.\uphys some newly-acquired and generally mhe\ itable
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2 INHERITANCE. Cuap, XIIT,

character, and the offspring do not inherit it, the canse may
lie in the other parent having the power of prepotent trans-
mission., But when both parents are similarly characterised,
and the child does not, whatever the cause may be, inherit
the character in question, but resembles its grandparents, we
have one of the simplest cases of reversion. We continually
see another and even more simple case of atavism, though
not generally included under this head, namely, when the son
more closely resembles his maternal than his paternal grand-
sire 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 diseases necessarily confined to the male sex;
for as the mother cannot possess or exhibit such male attri-
Dutes, the child must inherit 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 one another;
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 an individual
with some distinguishable character, a race, or species, has at
some former period been crossed, and a character derived from
this cross, after having disappeared during one or several
generations, suddenly reappears. A third class, differing only
in the manner of reproduction, might be formed to include
all cases of reversion offected by means of buds, and therefore
independent of true or seminal generation. Perhaps even a
fourth class might be instituted, to include reversions by seg-
ments in the same individual flower or fruit, and in different
parts of the body in the same individual animal as it grows
old. But the two first main classes will be sufficient for our
purpose.

Reversion to lost Characters by pure or uncrossed forms.—
Striking instances of this first class of cases were given in
the sixth chapter, namely, of the occasional reappearance, in
variously-coloured breeds of the pigeon, of blue birds with all
the marks characteristic of the wild Columba livia. Similar
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Cuar. X111, REVERSION. 3
cases were given in the case of the fowl. With the common
ass, as the legs of the wild progenitor are almost always
striped, we may foel assured that the occasional appearance
of such stripes in the domestic animal is a case of simple
reversion. But I shall be compelled to refer again to- these
cases, and therefore here pass them over.

The aboriginal species from which our domesticated cattle
and sheep are descended, no doubt possessed horns; but
several hornless breeds are now well established. Yet in
these—for instance, in Southdown sheep—* it is not unusual
o find among the male lambs some with small horns.” The
horns, which thus occasionally 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 of.”! The
Galloways and Suffolk cattle have been hornless for the last
100 or 150 years, but a horned calf, with the horn often
Toosely attached, is occasionally produced.?

There is reason to believe that sheep in their early domesti-
cated condition were “brown or dingy black;” but even in
the time of David certain flocks were spoken of as white as
smow. During the classical period the sheep of Spain are
described Dy 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 occasionally, or even frequently, 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 serupulous care ; yet occasionally grey-faced, or black-
spotted, or wholly black lambs appear.t This occurs still
amore frequently with the less improved breeds, such as the
Norfolks.® As bearing on this tendency in sheep to revert
1o dark colours, T may state (though in doing so I trench on

! Youatt on Sheep, pp. 20, 234, 145,
B8 S fact of looe horus oo * I have been informed of this fact
gusionally appeaing i bornlss bl through the Rev. W. D, Fox, on the
been observe ermany ;  excellent authority of Mr. Wilmot:
in, ‘Nl!\ugz.ch Deutschs  sce, also, remarks on this subject in

B-th
Tands.’ b. . s
* Youatt on ume, pp. 135, 174,

# Youatt on Sheep, 1838, pp. 17,

an’ article in the ¢ Quarterly Kevi
1849, p. 395.
S Youatt, pp. 19, 234,
B2
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4 INHERITANCE. Cuar. XIIT.

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 4 so-called Spanish ram,
which had two small black spots on his sides, and they pro-
duced thirteen lambs, all perfectly black. Mr. Fox believes
that this ram belonged to a breed which he has himself kept,
and which is always spotted with black and white; and he
finds that Leicester sheep crossed by rams of this breed always
produce black lambs : ho has gone on recrossing these crossed
sheep with pure white Leicesters during three successive
generations, 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 gene-
rations crossing with white sheep, but still black lambs were
invariably prodnced.

Similar facts could be given with respect to tailless breeeds
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 fully 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
Iatter would again reproduce rumpless chickens.

Analogous cases of reversion oceur in the vegetable king-
dom; 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 pro-
duced ;" T but the reversion in this instance is not to a very
ancient period, for the best existing varieties of the heartsease
are of comparatively modern origin. With most of our cul-
tivated vegetables there is some tendency to reversion to
what is known to be, or may be presumed to be, their abori-
ginal state; and this would be more evident if gardeners did
not generally lock over their beds of seedlings, and pull up

¢ Book, by Mr. much experience on this subject, has
6. p. 231 Jikewise assured me that this some-
d. Mag. vol. x., times oceurs.
: a nurserymad, w .

1834, p.
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the false plants or “rogues” as they are called. It has
already been remarked, that some few seedling apples and
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 ; and their roots are generally hard and
stringy, as in the parent-species. By the aid of a little
selection, carried on during a few generations, most of our
cultivated plants conld 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 ;® and Mr. Hewett C. Watson, as he informs me,
selected, during three generations, “the most diverging
plants of Scotch kail, perhaps one of the least modified
varieties of the cabbage; and in the third generation some
of the plants came very close to the forms now established in
England about old castle-walls, and called indigenous.”

Reversion in Animals and Plants which have run wild—In
the cases hitherto considered, the reverting amimals 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 have 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 curious 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 mot
Jnow the aboriginal parent-species, and cannot possibly tell

* $ “Gardener’s Chron,’ 1853, p.

% Ihid,, 1862, p. 721

1 Mr.' Boner speaks € Coaincl.
‘hunting,’ 20d edit., 1860, p. 92) of
sheep often rumning wild in the

Bavarian Alps; -but, on making
further inquiries at my request, he

foind that they are not. ble to &

ablish_themse they generally
]vruh from the frozen snow clinging
to their wool, and t
skill necessary o pas
slopes.
survived the winter, but their lambs
perished.
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6 INHERITANCE, Cuar. XIII

whether or not there has been any close degree of reversion.
Tt 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 competition with the native
productions. Under these circumstances, if our domesticated
animals did not undergo change of some kind, the result
would e quite opposed to the conclusions arrived at in this
work. Nevertheless, I do not doubt that the simple fact
of animals and plants becoming feral, does cause some
tendency to reversion to the primitive state; though this
tendency has been much exaggerated by some anthors.

1 will briefly run through the recorded cases. Wi lth neither
horses nor_cattle is the primitive stock known; and it has been
shown in former chapters that they have assumed different colours
in different countries. ‘Thus the horses which have run wild in
South America are generally brownish-bay, and in the East dun-
coloured ; their heads have become larger and coarser, and this
may be due to reversion. No careful description has been given of
the feral goat, Dogs which have run wild in various countries
have hardly anywhere assumed a uniform character; but they are
pmmmy descended from several domestic races, and aboriginally

several distinet Epeuea Feral cats, both in Europe and
Ia mam are regularly striped ; in some cases they have grown to
an mmmmlly large size, but do not differ from the domestic animal
in any other character, When Vuwnsl)-colonred tame rabbits
ave turned out in Furope, they generally reacquire the colouring of
the wild animal ; there can te no doubt that t it really occur,
but we should remember that oddly-coloured and econspicuous
animals would suffer much from beasts of prey and from being
easily shot; this at least was the opinion of a gentleman who tried
to stock his woods with a. nearly white variety; if thus destroyed,
they would be supplanted by, instend of being transformed into,
the common rabbit.  We have seen that the feml rabbits of Jamaica,
and especially of Porto Sﬂnm, ave assumed new colours and other
Sow Sharasiae Whe Test Kaoin Rl & 5 e end Vit oo
which the widely spread Yeliof in its universality apparently rests,
js that of pigs. These animals have run wild in the West Indies,
South America, and the Falkland Islands, and have e\'erywhere

1 oo some excellent remarks on  Proc. Linn. Soc.,’ 1858, vol. ii. p. 60.
this sukject by Mr. Wallace, Journal
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Cuar. XIIL REVERSION, 7
acquired the dark colour, the thick bristles, and great tusks of the
wild boar; and the young have reacquired longitudinal stripes.
But even in the case of the pig, Roulin describes the half-wild
animals in different parts of South America as differing in several
Tespects. In Louisiana the pig'* has run wild, and is said to differ
a little in form, and much in colour, from the domestic animal, yet
does not closely resemble the wild boar of Europe. With pigeons

fowls,” it is not known what variety was first turned out, nor
whn ehmcter the feral birds have assumed. The guinea-fowl in
the Indies, when feral, seems to vary more than in the
domemmed state, e

With respeet fo plants run wild, Dr. Hooker' hus strongly
insisted on what_slight i i e bl e na
reversion to a primitive stato rests. Godron®® deseribes wild
turnips, carrots, and celery; but these plants in their cultivated
state hurdly differ from their wild prototypes, except in_ the sucon-
Tency of certain part: which would

mly lost by plants growing in poor soil and struggling with
other plants. No cultivated plant has run wild on so enormous
@ scalo as the cardoon (Cynara cardunculus) in La Plata, Every
Dotanist who has seen it in’vast beds, as high as
a horse’s back, has been struck with its pecuhar appearance; but
whether it differs in_any_important point from the cultivated
jah form, which ia said. ioh 0. by prickly Like its American
deseendant, r whother it diffrs from tho Wikl Mediterrancan
species, which is said not o be social (though this may be due
‘merely to the nature of the conditions), I do not know.

Reversion to Characters derived from a Cross, in the case of
Sub-varieties, Races, and Species.—When an individual having
some recognisable peculiarity unites with another of the same
sub-variety, not having the peculiarity in question, it often
reappears in the descendants after an interval of several gene-
rations.  Every one must have noticed, or heard from old
people of children closely resembling in appearance or mental
disposition, or in so small and complex a character as expres-

 Dureaudela Malle, i

Rendus,’ tom. xli., 18:
From the statements above

appear to me worth copying: but I now
find that Dureau de Ia Malle (* Comp-
tes Rendus,” tom. xli, 1855, p. 690)

¢ Comptes
807,

i

author concludes that the wild pigs
of Louisiana are not deacqndul from
the Enropean Sus scrofa.

1 Capt, W. Allen, in his Expe-
dition to the Niger,” states that fowls
have run wild on the island of Anno-
bon, and have become modified in
form and voice. account is so
meagre and vague that it did not

advances this as a good instance of
Teversion to the primitive stock, and as
tory. of a still_ mere. yaguo
clasiol e by Yarra.
14 <Flora of Australia,’ 1
sroduct, p.ix.
De IEspice,’
ss oo

59, In-

tom. . pp. 54,
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8 INHERITANCE. Onar. XIIL

sion, one of their d 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, Thelieve, 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 one 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-hitch Sappho, the only blue
and white pointer of pure descent which he had ever seen.
This led to close inquiry, and it was proved that he was the
great-great-grandson of Sappho; so that, according to the
common oxpmmn, he had only 1-16th of her blood in his
veins. 1 may give one other instance, on the authority of
Mr. R. \Vulker, a large cattle-breeder in Kincardineshire.
He hought a black bull, the son of a black cow with white
legs, white belly and part of the tail white; and in 1870
a calf the gr.-gr-gr-gr.-grandchild of this cow was born
coloured in the same very peculiar manner; all the inter-
mediate offspring having been black. In these cases there
can hardly be a doubt that a character derived from a cross
with an’individual of the same variety reappeared after
passing over three generations in the one case, and five in the
other.

When two distinct 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. I have 1
myself seem the clearest evidence of this in crossed pigeons
and with various plants. Mr. Sidney 17 states that, in a litter '

:
:
1
\

of Essex pigs, two young ones appeared which were the image
of the Berkshiro boar that had been used twenty—eight years
1 Mr. Sedgwick gives many in-  July, 1863, pp. 448, 1

stances in the ¢ British and Foreign 17 In his edit. of © Foiacttonths
Med.-Chirurg. Review, April and  Pig,’ 1860, p. 27.
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Cuar, XIIL REVERSION. 9

before in giving size and constitution to the breed. T ob-
served 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
1id of this strain, he had subsequently given up the attempt
in despair, as the Malay character would reappear.

This strong tendency in crossed breeds to revert has given
rise to endless di i in how many i after a
single cross, cither 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 one supposes that less than
three generations suffices, and most breeders think that six,
seven, or eight are necessary, and some go to still greater
lengths.’® But neither in the case of a breed which has been
contaminated by a single 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 oblitera-
ted. It depends on the difference in the strength or pre-
potency of fon in the two y , on their
actual amount of difference, and on the nature of the con<
ditions of life to which the crossed offspring are exposed. But
we must be careful not to confound these cases of reversion to
characters which were gained by a cross, with those under the
first class, in which characters originally common to both
parents, but lost at some former period, reappear; for such
characters may recur after an almost indefinite number of
generations.

The law of reversion is as powerful with hybrids, when
they are sufficiently fertile to breed together, or when they
are repeatedly crossed with cither pure parent-form, as in the
case of mongrels. It is not necessary to give instances.
With plants almost every one who has worked on this sub-
jeot, from the time of Kolreuter to the present day, has
insisted on this tendency. Girtner has recorded some good
instances; but no one has given more striking ones than

# Dr. P. Lucas, ks, Im o nicle,’ 1856, p. 620, 1
tom. ii. pp. 314, 892 ‘st number of references,
practical “article ‘on the bjedt o bt they would be superfluous,

© The Complete Work of Charles Darwin Online



10 INHERITANCE. Caar. XIIL

Naudin!® The tendency differs in degree or strength iri
different groups, and partly depends, as we shall presently
see, on whether the parent-plants have been long cultivated.
Although the tendency to reversion is extremely general
with nearly all mongrels and hybrids, it cannot be considgred
as invariably characteristic of them ; it may also be mastered
by long-continued selection; but these subjects will more
properly be discussed in a fature 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 reappear=
ing after having been lost for a great length of time. But it
does not follow from this that in each particular case certain
characters will reappear; for -instance, this will not occur
when a race is crossed with another endowed with prepotency
of transmission, Sometimes the power of reversion wholly
fails, without our being able to assign any cause for the
failure: thus it 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.”20

Reversion through Bud-propagation—Partial Reversion, by seg-
ments in the same flower or fruit, or in different parts of the body
in the same individual animal—In the eleventh chapter many
cases of reversion by buds, independently of seminal genera-
tion, were given—as when a leafbud on a variegated, a
curled, or laciniated variety suddenly reassumes its proper
character; or as when a Provence-rose 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,
reassume their former character; and here we have reversion

1 Kilreuter gives curious cases in
his ¢ Dritte Fortsetzung,’ 1766, ss. 53,
59; and in his well-known ¢ Memoirs
on Lavatera and Jalapa.’ Girtner,
 Basturdaraengung,’ss. 437, 441, &

in, in his *Recherches = sur
6, «Nouvelles Archives du

I'l{_\'hr‘ 2

Muséum,” tom. i. p. 25.
= Quoted by Mr. Sedgwick in

‘M:d.—Chimrg. Re\'iew,’ April. 1861,
e x "

Lhunrg 'l'nmnnnuns,
gives an_analogous case, in wI'uch
& lurge fumily, Aingers with thickened
joints were transmitted to several
‘members during e generations;
but when the blemish once disappeared
it never reappeq:
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Caar, XIIL REVERSION. 11

ents. Vilmorin ' has also recorded several eases with
plants derived from sced, 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,
aud, when this is propagated for a length of time by seed,
striped seedlings oceasionally make their appearance; and
these can afterwards by care be multiplied by seed.

The stripes and segments 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 di ion on disj ion of
are closely analogous with those given in the eleventh chapter,
in which crossed plants have been known to produce 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 nnder this same head.

Such cases, as we shall see in the chapter on Crossing, appa-
rently result from certain characters not readily blending
together, and, as a consequence of this incapacity for fusion,
the offspring either perfectly resemble one of their two
parents, or resemble one parent in ome part, and the other
parent in another part; or whilst young are intermediate in
character, but with advancing age revert wholly or by seg-
ments 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
ocenrred during growth incrossed plants of Tropeolum, Cerens,
Datura, and Lathyrus 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 donot at first appear to come under
the law of reversion in the ordinary sense of the word ; never-
theless, as the change is effected through a succession of bud-
generations on the same plant, they may be thus included.

Analogous facts have been observed in the animal kmgrlom,
© 8 Verlot, ‘Des Variétés! 1865,
8

853, . 315)
# i Nouvelles Archives du Muséum,’ apparently holds a similar opinion.
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12 INHERITANCE. Cuap, XIIL

and are more remarkable, as they occur in the same individual
in the strictest sense, and not as with plants throngh a suc-
cession of bud-generations. With animals the act of rever-
sion, if it can be so designated, does not pass over a true
generation, but merely over the carly 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
Dblack feathers; on the other hand, some of the chickens
which were at first black, became during the second year
pichald with white. A great breeder* says, that a Pencilled
Brahma hen which has any of the blood of the Light Brahma
in her, will “oceasionally produce 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.” The same thing occurs 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 reversed on its breast,
with a trumpeter; and one of the young pigeons thus raised
at first showed not a trace of the frill, but, after moulting
thrice, a small yet unmistakably distinct fiill appeared on
its breast. According to Girou,* calves produced from a red
cow by a black bull, or from a black cow by a red bull, are
not rarely born red, and subsequently become black, I
possess a dog, the daughter of a white terrier by a fox-
coloured bulldog; as a puppy she was quite white, but when
about six months old a black spot appeared on her nose, and
Drown spots on her cars.  When a little older she was badly
avounded on the back, and the hair which grew on the
cieatrix was of a brown colour, apparently derived from
her father. This is the more remarkable, as with most
animals having coloured hair, that which grows on a wounded
surface is white.

In the foregoing cases, the characters which with advancing
age reappeared, were present in the immediately preceding

# Mr. Tecbay, in ¢ The Poultry 2 Quoted by Hofacker, * Ueher die
3;:;k,’ by Mr. Tegetmeicr, 1866, p. Eigenschaften,’ &c., s. 98,
:
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; but reappear in the same
manner after a much longer interval of time. Thus the
calves of a hornless race of cattle which originated in
Corrientes, thongh at first quite hornless, as they become
adult sometimes acquire small, crooked, 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 finst-rate 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
occurs in a bantam, “ is almost certain to prove hereditary.”
The enckoo or blue-mottled Dorking cock, when old, is liable
1o acquire yellow or orange hackles in place of his proper
Dluish-grey hackles.®” Now as Gallus bankiva is coloured red
and orange, and as Dorking fowls and bantams are descended
from this species, we can hardly doubt that the change which
occasionally oceurs 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 canse of Reversion.—Tt has long been
notorious that hybrids and mongrels often revert to both or
1o 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 impulso towards Teversion, as shown by the reap-
pearance of long-lost characters, has never, I believe, been
hitherto proved. The proof lies in certain peculiarities, which
do not characterise the immediate parents, and therefore can-
not have heen derived from them, frequently appearing in the
offspring of two breeds when crossed, which peculiarities
never appear, or appear with extreme rarity, in these same
Dreeds, as long as they are precluded from crossing. As this

= - do. The Poultry Baok; by Mr. Togoe
l'-q_:y,‘ (nm L p. ‘meier, 1856, p. 248,
= given on th % {The Foultry Book, by Togos

are n
high mhomy of Mr. Hewitt, in  meier, 1866, p. ¢
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conclusion seems to me highly curious and novel, T will give
the evidence in detail.

My attention was first called to this subject, and I was led to
make numerous experiments, by MM. Boitard and Corbié having
stated that, when they crossed certain breeds of pigeons, birds
coloured like the wild C. livia, or the common dovecot—namely,
slaty-blue, with double black wing-bars, sometimes  chequered
with black, white loins, the tail barred with black, with the outer
feathers edged with white,—were almost invariably produced. The
Dreeds which I crossed, and the remarkable results attained, have
Dbeen fully described in the sixth chapter. I selocted pigeons
belonging to true and ancient breeds, which had not a trace of bl
or any of the above specified marks; but when crossed, and their
mongrels recrossed, young birds were often produced, more or less
plainly coloured slaty-blue, with some or all ‘of the proper charac-
teristic marks. I ay recall to the reader’s memory one case,
namely, that of a_pigeon, hardly distinguishable from the wild
Shetland species, the grandchild of a red-spot, white fantail, and
w0 black barbs, from any of which, when purely-bred, the produc-
tion of a pigeon coloured like the wild €. Zivia would have been
almost a prodigy.
was thus led to make the experiments, recorded in the seventh
chapter, on fowls. I selected long-established pure breeds, in
which there was not a trace of red, yet in several of the mongrels
feathers of this colour appeared; and one magnificent bird, the
offspring of a black Spanish cock and white Silk hen, was coloured
almost exactly like the wild Gallus bankivs. All who know any-
thing of the breeding of poultry will admit that tens of thousands
of pure Spanish and of pure white Silk fowls might have been
reared without the appearance of a red feather. The fact, given on
the authority of Mr. Tegetmeier, of the frequent appearance, in
mongrel fowls, of pencilled or transversely-barred feathers, like
i birds, is likewise app n
case of veversion to a character formerly possessed by some ancient
progenitor of the family. Iowe to the kindness of this excellent
observer the opportunity of inspecting some neek-hackles and tail-
feathers from a hybrid between the common fowl and a very distinct
species, the Gallus varius; and these feathers are transversely
striped in a conspicuous manner with dark metallic blue and grey,
a character which could not have been derived from cither immediate
rent. 3
P have bean informed by M. B. P, Brent, that o crossed a white
Aylesbury drake and a black so-called Labrador duck, both of
which are true breeds, and he obtained a young drake closely like
the mallard (4. boschas). Of the musk-duck (. moschata, Linn.)
there are two sub-breeds, namely, white and slate-coloured ; and these
T am informed breed true, or nearly true. But the Rev. W. D, Fox
tells me that, by putting a white drake to a slate-coloured duck,
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bllck b)rds ied with white, hke the wild musk-duck, were always
SR T trom M- lyth that hybrids from the canary
ld ok atmost always hm streaked feathers on their bﬂcks,
hn must be derived from the original wild canary.
We have in the fourth chapter, that the so-called Himalayan
rabbit, with its snow.white body, black ears, nose, tail, and feet,
bréeds perfectly true. This race is known to have been formed hy
the nnlon of two varicties of silver-grey rabbits. Now, when a
layan doe was crossed by a sandy-colonred buck, a silver-grey
rabbit was produced ; and this is evidently a_case of reversion to
one of the parent varicties. The young of the Himalayan rabbit are
born snow-white, and the dark ‘marks do not appear until some
it oun, yan rabbits are
born of a light silver-grey, which colour soon disappears; so that
we have a trace of reversion, during an early period of life, to
the parent varietics, independently of any recent cross.

In 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 caitle now Kept hal WJ]d in certain parks,
and those which have run quite wild in two distant parts of the
world, are likewise thus coloured. Now, an ;{mncmed breeder,
Mr. J. Beasley, of Northamptonshire® cros refully
selected West Highland cows with purely-bred shorthorn bulls,
The bulls were mf and white, or dark roan; and the Highland
cows were all of a red colmu-, inelining to a light or yellow shade.
But a_considerable number of the offspring—and Mr. Beasley calls
attention to this as a remarkable fact—were white, or white with

ears. Bearing in mind that none of the parents were white,
and that they were purely-bred nmlunln, it is highly probable that
here the offspring reverted, in consequence of the cross, to the
mluur of some ancient and hllf wild parent- l)reed The following
, comes under the same hea s in their natural
mts ave their udders but little developed, Lm\l do not yield nearly
80 much milk as our domesticated anmals. Now there is some
reason to believe® that cross-bred animals between two kinds, both
of which are good milkers, such as Alderneys and Shorthorns, often ,
$urn out worthless in this respect.

In the chapter on the Horse reasons were assigned for believing
ﬂm the 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 legs, and on
the shoulders, where they are occasionally double or treble, and
even sometimes on the face and body of horses of all breeds and of
all colours, But the stripes appear most frequently on the various

# (Gardener’s Chron. and Agri-  of cattle as Mr. Willoughby Wood
cultural Gazette, 1866, p. 528. (*Gard, Chron.' 1859, p. 1216), admits
© # Ibid, 1860, p. 343 I am glad my principle of a cross giving a
10 find that so expesienced a breeder  tendency to reversion,
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Kinds of dus. 1.. fouls they aro somatines phainly seen, and
lnhsmﬂuently The dun-colour and the stripes are
characterised is_crossed

d
 revarsion to tho wild parent form, the Zuus teniopus of Abyseinin,®
‘whish is gencrally thus striped. In the domestio animal the stripes
on_the shoulder are occasionally double, or forked at tho extren

i zebrine There is reason to believe that the
foalis mar frequently sriped on tho logs than the aduit snimal
the horse, I have not acquired any distinet evidence that
gewumtlyml varieties of the ass brings out
e
But now let s turn to the result of crossing the horso and ass.
Althoogh sales'are 1ok neasly 0 BuTasous 1o Eogiand, us desce
fhz:;mnlmnhgmmnnmbu with striped legs, and with

far moro conspicnons than i cither parent-form.  Sueh
mhmgm.llyhght-eolmmd.lndmxgh called fallow-
duns. The shoulder. ‘one instance was deeply forked at the

extremity, and in lnotlmr mmdonble,ﬂwugh united in.

middle. ~ Mr. Martin gives  figure of a Spanish mule with mg
zebra-like marks on its legs," and remarks that mules are particu-
luly llnble to be thus smred on their legz. In South Amenu,
according to Roulin,® such_stripes are more frequent and con-
splcumla in the mule than in the ass. In the United States, Mr.
Gosse.® speaking of theso animals, says, “ that in a great number

perhapilnmnemtofeveryﬁan.lhnhp

rse dark
e N T i o curioustriple
hybrid, from & by mare, by-hm;ff“l bt i
zobra. This animal when old had hardly any stripes; i e
assured by the superintendent, hat V:::ln young it had .mam

stripes, and faint stripes
B e m

As the zebra has such a body and legs, it
might have been that the *‘ﬁn suimal wnd
the common ass have had their hnne nm

pears from the figures given in Dr. Gi Known‘lﬁ
Gleanings, and still more plainly from that given by Geoﬁmy
F. Cuvier,* that the legs are much more conspicuously striped than
the rest of the body; and this fact is mldlig(bhmlyml elief

-%lﬂ. in* Plv&b. y l

wh" D mmu-hm,'lm,p
a0 Afi..m, of the Hore; p. 212,

# Mém. présentés par divers W ¢Hist. Nat. des Mammifores”
Savans o I'Acad. Royaley tom. vi. 1820, tom. i
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that the ass nids in giving, through the power of reversion, thiy
Pring.

ahnmwmuh brid offspri;

bnnded over the whole front part of its body like

legs, or mere traces of them.  But
Lord Morton,® from a cmumc

a mhﬂ, ‘but has no stripes on its
in the Tamous hybrid bred by
nearly purely-bred, Arabian mare, by a

“ the g The mare
horse, and bore two colts, both
striped on
neck and body.
The Eqmn mdma‘" s cl
shoulder or I

quaggs, the
B iy G e dacies than e the fe of
8 ‘was subsequently put to a black Arabian

of which, as_formerly stated, were

logs, and one of them likewise had stripes on

spinal stripe, without

haracterised by a
ipes; but traces of these latter stripes may occa-

lly =
had ample opportunities for observation, informs me that
foal, when first: born, the head and legs are often striped, ‘bt tho
shonlder-stripe is 10t 8o distint o8 o tho d domestm Ll all_these

stripes, excepting that along tho spine, soon disappear. Now a
b, raised ot Knowsley" from s fomalo of this spesias by &
male domestic ass, hd all four legs transversly and conspicuously

striped, had three shos rt smpos ou mh shoulder and had even some
thn he has

zebra-like stri) its face!
m}x‘umnd bnd ol'thume

r. Gray informs
ntage similarly striped.
 crossing of tha soveral oquine

species tends i m a nmrked mmnsr to cause umpe- to appear on

various parts of

the body, especially on the legs.

As we do not

e She ‘parent-form of the genus was striped, the appear-
hetically

mnrthaMpuunonlyhnm
But most persons, after
coloured marks reap
and
sion with res)

‘be attributed to reversion.

considering the many undoubted cases of

ook, =

t to_tho horse-genus; and if so, we must

by reversion in my e:
will come to the same oonclu-

$hat the progenitor of the gronp wis sirfped on tho legs, shoulders,
face, and probably over the whole body, like
Tastly, Professor Jaeger has given®  good i pigs. He

3 ¢ Philosoph. Transact.,” 1821, p.

Sclater, in * Proc. Zoolog. Soc.,”

1ssa 163: this species is the
Btilics of X.W, India, s0d has
B e i h Tmoane ot
S, also, Mr. Blyth's ex-

et i in *Journal of Asiatic
? vol. xxviii., 1860, p.

by
 Another species of wild ass, the
E. hemionus or Kiang, which
ordinarily has no shoulder-stripes, is
waid occasionally to have them; and
VOL. 1L

these, as with the horse and_ass, are
sometimes double: see Mr. Blyth, in
She paper just quoed, end n “Indisn
Sporting Keview,” 1856, p. 320: and
Col. Humilton Smith, in ¢ Nat.
Horses," p. 318 and *Dict. Class.
d'Hist. Nat.,” tom. iii. p. 563.
 Figured in_the * Gleanings from
the Knowsley Menageries,’ by Dr. J.

E. Gray.

# CBarwin'sche. Thooris uad ihre
Stellung zu Moral und Religion, p.
85,
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crossed the Japanese or masked breed with the common German

breed, and the offy rmg were _intermediate in character. He men

re-crossed one of mongrels with the pure

the litter thus ncedh:se of the young mmm in .u its
t

characters & wil a long snout and upright cars, and
was atriped n the mk, 1t should be borne i mind tat the
young of the Ji not atn md that they have

apan
2 Rk raeslo wivl Sars vemarkably depe

A similar tendency to the recovery of long lost characters
holds good even with the instincts of crossed animals. There
are some breeds of fowls which are called * everlasting
layers,” because they have lost the instinct of incubation ;
and so rare is it for them to incubate that T have seen notices
published in works on poultry, when hens of such breeds have
taken to sit® Yet the aboriginal species was of course a
good incubator; and with birds in a state of nature hardly
any instinet is so strong as this. Now, so many cases have
Deen recorded of the crossed offspring from two races, neither
of which are incubators, becoming first-rate sitters, that the
reappearanco of this instinct must be attributed to reversion
from crossing. One author goes so far as to say, * that a cross
Detween two non-sitting varieties almost invariably produces
 mongrel that becomes broody, and sits with remarkable
steadiness.” Another author, after giving a striking ex-
ample, remarks that the fact can be explained only on the
principle that “two negatives make a positive.” It cannot,
however, be maintained that hens produced from a cross

 Guses o boh Spanah 1d Pollsh
hens sitting are given in the < Poultry
L 477

negatives (‘Journ. of Hort.’
p- 525), states that two ]
raised from a Spanish cock and Silver-
pencilled Hamburg hen, neither of
which are incubators, and no less
than seven out of aight hen n Uhes

roods showod  perfect ob-
stinacy in_sittin R 8
Dion’ (- Ornamental Poultry, 1648,
p. 200) says that chickens reared

m a cross between Golden and
Black Puih fowls, are < good and
steady binds t r. B. P. Brml

srous-bred bird from o Spaniah i
incubating cock and Cochin incu-
bating hen is mentioned in the  Poultry

Chronicle,’ vol. i
emplary mother
hand, an exceptional case

is given in
the *Cottage Gardener,’ 1860, p. 588,

of a hen raised from a Spanish cock
and black Polish hen which did not
incubate.
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between two non-sitting breeds invariably recover their lost
instinet, any more than that crossed fowls or pigeons invari-
ably recover the red or blue plumage of their prototypes. Thus
I raised several chickens from a Polish hen by a Spanish
oock,—breeds which do not incubate,—and none of the young
hens at first showed any tendency to sit; but one of them—
the only one which was preserved—in the third year sat well
on her eggs and reared a brood of chickens. . So that hero we
have the reappearance with advancing age of a primitive
instinct, in the same manner as we have seen that the red
plumage of the Gallus bankiva is sometimes reacquired both
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 distinct species, whether this is a
domesticated or only a tamed animal, the hybrids are often
wild to such a degree, that the fact is intelligible only on the
principle that the cross has caused a partial return to a
primitive disposition. Thus, the Barl of Powis formerly im-

some thoroughly domesticated humped cattle from
India, and crossed them with English breeds, which belong to
a distinct species ; and his agent remarked 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 aro 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.” Captain Hutton, in India, crossed a
tame goat with a wild one from the Himalaya, and he re-
marked to me how surprisingly wild the offspring were.
Mr. Hewitt, who has had great experience in crossing tame
oock-pheasants with fowls belonging to five breeds, gives as
the character of all “ extraordinary wildness;”* but I have
myself seen one exception to this rule. Mr. S. J. Salter,*

8¢ The Posltey Book by Togats «Naturel History Heview,” 1805,

meier, 1865, pp. 163, 167. pril, pe 2
c2

© The Complete Work of Charles Darwin Online



20 INHERITANCE. Cuar. XIIL

who raised a large number of hybrids from a bantam-hen by
Gallus sonneratii, states that “all were exceedingly wild.”
Mr. Waterton bred some wild ducks from eggs hatched
under a common duck, and the young were allowed to cross
freely both amongst themselves 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, though 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 wero in any way remarkably wild: but
Mr. Jenner Weir who has had still greater experience, is of a
directly opposite opinion. He remarks that the siskin is the
tamest of finches, but its mules are as wild, when young, as
newly caught birds, and are often lost through their continued
efforts to escape. Hybrids are often raised between the
common and musk duck, and I have been assured by three
persons, who have kept these crossed birds, that they were
not wild; but Mr. Garnett® observed that his hybrids were
wild, and exhibited “ migratory propensities” of which there
is not a vestige in the common or musk duck. No case is
known of this latter bird having escaped and become wild in
Europe or Asia, except, according to Pallas, on the Caspian
Bea ; and th, d tic duck only i becomes
wild in districts where large lakes and fens abound. Never-
theless, a large number of cases have been recorded*® of
hybrids from these two ducks having been shot in a com-
pletely wild state, although so few are reared in comparison
with purely-bred birds of either species. It is improbable
that any of theso hybrids could have acquired their wildness

4 ¢Essays on Natural History,’ p.  asserts (Zoologist,’ vn;.‘ v., 1845-46,

917 P- 1254) that several ecn shot
4 As stated by Mr. Orton, in his i

¢ Physiology of Breeding,’ p. 12.
5 de Belysdmgohisige
refers (* Bulletin Acad. Roy. de Brux-
elles,” tom. xii. No. 10) to more than
seven of these hybrids shot in
Switzerland and France. M, Deby

in various parts of Belgium and
Northera France. Audubon (*Ornithe
olog. Biography,’ vol. iii. p. 168)
speaking of these hybrids, says that,
in North America, they “now and
th:n wander off and become quite
wild.”
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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 infer 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 crossed races of man. That
many excellent and kind-hearted mulattos have existed no one
will dispute ; and a more mild and gentle st of men could
hardly be found than the inhabitants of the island of Chilce,
who consist of Indians commingled with Spaniards in various
proportions. On the other hand, many years ago, long before
1 had thought 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, what-
ever the cause might be, @ good expression.t’  Livingstone,—
and a more nnimpeachable anthority cannot be quoted, —after
speaking of a half-caste man on the Zambesi, described by the
Portuguese as a raro monster of inhumanity, remarks, It is
unaccountablo why half-castes, such as he, are so much more
cruel than the P but such is 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 low in the scale, are crossed
the progeny seems to be eminently bad. Thus the noble-
hearted Humboldt, who felt no prejudice against the inferior
Taces, speaks in strong terms of the bad and savage disposition
of Zambos, or half-castes between Indians and Negroes; and
this conclusion has been arrived at by various observers.4?
From these facts wemay perhaps infer that the degraded state
of 50 many half-castes is in part due to reversion toa primitive
and savage condition, induced by the act of crossing, even if
mainly due to the unfavourable moral conditions under which
they are generally reared.

Summary on the prozimate canses leading to Reversion.—When

47 Journal of Researches,’ 1845, 4 Dr. P. Broea, on ‘ Hybridity in
pTL the Genus Homo,' Eng. translat,
4 \Expodition to the Zambesi) 1864, p. 39.3
1865, pp. 25, 150.
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puirely-bred animals o plants reassume long-lost characters,—
when the common ass, for instance, is born with striped legs,
when a pure race of black or white pigeons throws a slaty-
blue bird, or when a cultivated heartsease with large and
rounded flowens produces a seedling with small and clongated
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 to a certain extent intelligible. Thus, with feral
pigs, exposure to the weather will probably favour the growth
of the bristles, as is known to be the case with the hair of
other domesticated animals, and through correlation the tusks
will tend to be redeveloped. But the reappearance of coloured
longitudinal stripes on young feral pigs cannot be attributed
to the direct action of external conditions. In this case, and
in many others, we can only say that any change in the
habits of life apparently favour 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
‘position, also, of buds, either on branches or on roots, some-
times determines, as was formerly shown, the transmission of
the character proper to 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 neither parent nor immediate progenitor. When two
white, or red, or black pigeons, of well-established breeds,
are united, the offspring are almost sure to inherit the same
colours ; but when differently coloured birds are crossed, the
opposed farces of inheritance apparently counteract cach
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 E, indicus or with the horse,—animals which

© The Complete Work of Charles Darwin Online



Omar. XIIL REVERSION. 23

have not striped legs,—and the hybrids have conspicuous
stripes on their legs 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
characters proper to ither pure parent-form. As a general
rule, crossed offspring in the first generation are nearly inter-
mediate between their parents, but the grandchildren and
succeeding generations continually revert, in a greater or
lesser degree, to one or both of their progenitors. Several
authors have maintained 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 are they Ted
‘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 self-attraction or self-affinity; this
sogregation taking place either by seminal or bud-propagation.
Naudin further believes that the segregation of the two
specific elements or essences is eminently liable to ocour in
the male and female reproductive matter; and he thus
explains the almost universal tendency to reversion in succes-
sive hybrid generations. For this would be the natural
result of the union of pollen and ovules, in both of which the
elements of the samo species had beon segregated by self-
affinity. If, on the other hand, pollen which included the
elements of one species happened to unite with ovules includ-
ing the clements of the other species, the intermediate or
hybrid state would still be retained, and there would be
no reversion. But it would, as I suspect, be more correct
to say that the elements of both parent-species exist in overy
hybrid in a double state, namely, blended together and com-

3 ¢Nouvelles Archives du Muséum,’ tom. i, p. 151,
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pletely separate. How this is possible, and what the term
specific essence or element may be supposed to express, T shall
attempt to show in the chapter on thehypothesis of pangenesis.

But Naudin's view, as propounded by him, is not applicable
to the reappearance of characters lost long ago by variation ;
and it is hardly applicable fo Taces or species which, after
having been crossed ut some former period with a distinct
form, and having since lost all traces of the cross, neverthe-
Tess occasionally yield an individual which reverts (as in the
caso of the great-great-grandehild of the pointer Sappho) to
the crossing form. The most simple case of reversion, namely,
of a hybrid or mongrel to its grandparents, is connected by an
almost perfect series with the extreme case of a purely-bred
race recovering 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 believed that only highly sterile hybrid plants ex-
hibit any tendency to reversion to their parent-forms. This
erroneous belief may perhaps be accounted for by the nature
of the genera crossed by him, for he admits that the tendency
differs in different genera. The statement is also directly con-
tradicted by Naudin's observations, and by the notorious fact
that perfectly fertile mongrels exhibit the tendency in a high
dogree,—even in a higher degree, according to Girtner
himself, than hybrids.®

Girtner further states that reversions rarely oceur with
hybrid plants raised from species which have not been culti-
vated, whilst, with those which have been long cultivated,
they are of frequent occurrence. This conclusion explains
a curious discrepancy : Max Wichura,*® who worked exclu-
sively on willows which had not been subjected to culture,
never saw an instance 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
the other hand, wh on and
other cultivated plants, insists more strenuously than any other

51 ¢Bastarderzeugung,’s. 582,438,  der Weiden,’ 1865, 5. 23. For Giirtner's
&e. remarks on this head, seo *Bastard-
i ¢Die Bastardbefruchtung . . . .  erzeugung,’s. 474, 582,
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author on the tendency to reversion inall hybrids. The con-
clusion that the condition of the parent-species, as affected by
culture, is one of the proximate causes leading to reversion,
agrees well with the converse case of domesticated animals and
cultivated plants being liablo to reversion when they becomo
feral ; for in both cases the organisation or constitution must
be disturbed, though in a very different way.s*

Finally, wo have seen 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 direotly induced by the change in their condi-
tions 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 cither parent-form. Changed
conditions, consequent on cultivation, and the relative position
of buds, flowers, and seeds on the plant, all apparently aid in
giving this same tendency. Reversion may occur 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 certain 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 direotly from its grandparent, or more remote
ancestors. But this view is hardly conceivable. If, however,
we suppose that every character is derived exclusively from
the father or mother, but that many characters lie lafent or
dormant in both parents during a long succession of gencra-
tions, the foregoing facts are intelligible. In what manner
characters may be conceived to lie latent, will be considered
ina future chapter to which I have lately alluded.

Latent Characters.—But I must explain what is meant by

# Prof. Weismann, in his very

eurious essay on the different forms
roduced by the same  species
butterfly at different seasons (*
Dimorphismus der Schmetterlinge,’ pp.
r

clusion, namely, that any cause which

misation, such as the
exposure of the cocoons to heat or
even to much shaking, gives a
tendency to reversion.
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characters lying latent. The most obvious illustration is
afforded by secondary sexual characters. In every female all
the secondary male characters, and in every male all the
secondary 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, assume many or
all of 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 years than during others,*
A duck ten years old has been known to assume both the
perfect winter and summer plumage of the drake.% Water-
ton ® 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 instinct 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
t0 acquire horns ; and, as Hunter has remarked, we see some-
thing of an analogous nature in the human species.

On the other hand, with male animals, it is notorious that
the secondary sexual characters are more or less completely
lost when they are subjected to castration. Thus, if the
operation be performed on a young cock, he never, as Yarrell
states, erows again ; the comb, wattles, and spurs do not grow
to their full size, and the hackles assume an intermediate
appearance between true hackles and the feathers of the hen.
Cases are recorded of confinement, which often affects the
reproductive system, causing analogous results. But cha<

# Yarstll, ¢Phil. Transact.’ 1827, Isidore Geoffroy Saint-Hilaire, in his
¢Proc. uites

de_ Zoolog. Gén. (‘suites i
Buﬂou,' 1842, pp. 496-513), has
zur  collected such’ cases in ten different

. 397-413.
“Essays on Nat. Hist,’

1838, M Howih gives analogous
cases with_ hen-pheasants in ¢ Journal
of Horticulture, July 12, 1864, p. 7.

chnngn in mental disposition in old
hens. The case of the female deer
acquiring horns is given at p. 513.
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racters properly confined to the female are likewise acquired
Dy the male ; the capon takes to sitting on eggs, and will
bring up chickens ; and what is more curious, the utterly
sterile male hybrids from the pheasant 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 Réanmur * asserts that
a cock, by being long confined in solitude and darkness, can
be taught to take charge of young chickens; he then utters
a peculiar cry, and retains during his whole life this newly
acquired maternal instinet. The many well-ascertained casos
of various male mammals giving milk shows that their rudi-
mentary mammary glands retain this capacity in a latent ,
condition,

We thus sce that in many, probably in all cases, the
secondary characters of each sex lie 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 through
her male offspring to fature generations; for we may confi-

believe that these qualities are present, though latent,
in the males of each generation. So it is with the game-cock,
who can transmit 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 the
same sex are present, though latent, in the intermediate
parent of the opposite sex.

The subject of latent characters is so important, aswe shall
see in a future chapter, that I will give another illustration.
Many animals have the right and left sides of their body

5 ¢Cottage Gardener} 1860, p.  * Sir H. Holland, * Medical Notes
and Reflections,’ 3rd edit., 1855, p.

" thrtds faire Eclore,” &c., 1749, 31,

tom. ii. p.
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unequally developed : this is well known to be the case with
flat-fish, in which the one side differs in thickness and colour
and in the shapo of the fins, from the other, and during tho
growth of the young fish one eye is gradually twisted from
the lower to the upper surface.% In most fla-fishes the left
is the blind side, but in some it is the right ; though in both
cases reversed or wrong fishes,” aro occasionally developed ;
and in Platessa flesus the right or left side is indifferently the
upper one.  With gasteropods or shell-fish, the right and left
sides are extremely unlike ; the far greater number of species
are dextral, with rare and occasional reversals of development,
and some few are normally sinistral ; but certain species of
Bulimus, and many Achatinelle,” are as often sinistral as
dextral. Iwill give an analogous case in the great articulato
kingdom : the two sides of Verruca® are so wonderfully
unlike, that without careful dissection 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 side that undergoes so
singular 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. Tn all the foregoing
cases tho two sides are perfectly symmetrical at an early
period of growth. Now, whenever a species is as liable to be
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
development occasionally occurs in animals of many kinds,
this latent capacity is probably very common.

The best yet simplest cases of characters lying dormant
are, perhaps, those previously given, in which chickens and
young pigeons, raised from a cross between differently coloured

“ See Steenstrup on the ¢ Obliquity
of Flownders*; n  Aunale snd Mag. of
Nat. ay, 1865, p. 861 I
oagesstn i g te
explanation of this wonderful pheno-
menon in the ¢Origin of Species’ 6th
Edit. p. 186.

i ¢ Dr. E. von Martens, in  Annals
‘and Mag. of Nat. Hist.” March, 1856,

. 209,

# Darwin, *Balanide, Ray So
1854, p. 499 see also the appgmled
remarks on the apparently ca
development of the thoracic fak i
the right and left sides in the higher
crustaceans.

 Mormodes ignea: Darwin, ¢ Fer-
tilisation of Onhm, msz, P 251
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Dirds, ave at first of one colour, but in a year or two acquire
feathers of the colour of the other parent ; for in this case the
tendency to a chango of plumage is clearly latent in the young
bird. So it is with hornless breeds of cattle, some of which
acquire small horns as they grow old. Purely bred black and
‘white bantams, and some other fowls, occasionally assume, with
advancing years, the red feathers of the parent-species. Lwill
here add a somewhat different case, as it connects in a striking
manner latent characters of two classes. Mr. Hewitt* pos-
sessed an excellent Sebright gold-laced bantam hen, which,
as she became old, grew diseased in her ovaria, and assumed
male characters. In this breed the males resemble the females
in all respects except in their combs, wattles, spurs, and
instinets ; hence it might have been expected that the diseased
hen would have assumed only those masculine characters
which are proper to the breed, but she acquired, in addition,
well-arched tail sickle-feathers quite a 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
wo 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 henbird, 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 sign of their presence. When
fowls, pigeons, or cattle of different colours aro crossed, and

# ¢ Journal of Horticulture, July, ~Tegetmeier.

1864, p. 38. @ have had the oppor- % “The Poultry Book, by Mr
tunity of examining these remarkable  Tegetmeier, 1866, p. 241.

feathers through the kindness of Mr.
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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 caunot 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 trans-
mitted them to some of their offspring, who in this case wonld
in appearance have received such characters from their grand-
parents or more distant progenitors. We should then have
had a case 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 conclude is what ocours in all reversions to pro-
genitors, 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 early 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 case 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 seen thatin purely
bred animals pale-grey fur occasionally reappears during early
youth. Black cats, we may feel assured,«would occasionally
Produce by reversion tabbies: and on young black kittens,
with a pedigree® known to have been long pure, faint traces
of stripes may almost always be seen which afterwards dis-
appear.  Hornless Suffolke cattle occasionally produce by
reversion horned animals; and Youatt " asserts that even in
hornless mrhvxrlunlz *the rudiment of a horn may be often
felt at an early age.”

No doubt it appears at first sight in the lnghm degree im-
pmlm\)le that in every horse of every generation there should

e ‘Lectures on Man/ ¢ ¢ On Cattle,’ p. 174,
Eng aslats 1804 o411
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be a latent capacity and tendency to produce stripes, though
these may not appear once in a thousand generations; that in
every white, black, or other coloured pigeon, which may have
transmitted its proper colour during centuries, there should
be a latent capacity in the plumige to become blue and to be
marked with certain characteristic bars ; that in every child
in a six-fingered family there should be the capacity for the
production of an additional digit; and so in other cases.
Nevertheless, there is no more inherent improbability in this *
being the case than in a useless and rudimentary organ, or even
in only a tendency to the production of a rudimentary organ,
being inherited during millions of generations, as is well
known to occur with a multitude of organie beings, There is
n0 more inherent improbability in each domestic pig, during a
thousand generations, retaining the capacity and tendency to
develop great tusks under fitting conditions, than in the young
calf having vetained for an indefinite number of generations
rudimentary incisor teeth, which never protrude through the

s“’Iml]m.ll give at the end of the next chapter a summary of the
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 thnc reversion is due to
some rare or ‘When
a character, lost during hundreds of generations, suddenly
reappears, no doubt some such combination must occur ; but

ions to the i iately preceding ions may be
constantly observed, at least, 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 pro.
genitors of easy detection. Reversion is likewise almost in-
variably the rule, as Mr. Sedgwick has shown, with certain
diseases. Hence wo must conclude that a tendency to this
peculiar form of transmission is an integral part of the
general law of inheritance.

Monstrosities.—A large number of monstrous growths and
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of lesser anomalies are admitted by every one to be due to an
arrest of development, that is, to the persistence of an embry-
onic diti But many ities cannot be thus
explained ; for parts of which no trace can be detected in the
embryo, but which occur in other members of the same class
of animals occasionally appear, and these may probably with
truth be attributed to reversion. As, however, I havo treated
this subject as fully as I could in my “Descent of Man’
(chap. i., 2nd edit.), T will not here recur to it
When flowers which have normally an irregular structure become
regular or pelnnc the change is generally looked at by botanists as
lmhln\w e primitive state. But Dr. Maxwell Masters, * who
ably discussed this subject, remarks that when, for instance, all
theae of & Tropwolum become green and of the same shipe,
of being coloured with one pmlnuged into a spur, or when
all the petals of a Linaria become simple and regular, such cases
may be due merely toan arr to{davalupment for in these flowers
all the o during their earliest condition are symmetrical, and,
if at this stage of gmmh, they would not become u'mgnlu.
If, moreover, the arrest were to take place at a still earlier
of development, the result st simplo tuft of reen e leaves ;
and no one probably would call this ucase of reversion. Dr. Masters
designates R cakea T €A 15 b8
in which all the corresponding parts assume similar form of
irregularity, as when all the petals in a Linaria become spurred, as
irregular peloria. We have no right to Afiibnis thoes lotit e
to reversion, until it can be shown that the pmni—lorm for instance,
of the genus Linaria had had all its petals spurred ; for a chance of
this nature might result from the o( an anomalous
structure, in accordance with the law, to be dmcnmd in a fature
uhmp(el‘i,:f ‘Thomologous parts tending to vary in the same manner,

lar peloria ; and others,

But as hoth forms ol‘llelom lteq\wntly oceur on the same individual
plant of the Linaria,” they probably stand in some close relation to
one another. On the doctrine that i ummp]y the result of an
arrest of develoymem n is organ
nrmrtedntlvery mdofgmw'.hnh wqmrem

functional perfecti how apetal, supposed to be thus arrested,

liond myieice s e asskSolo Pk orve o envelope to the
flower, or a stamen produce cfficient pollen; yet this occurs with

“ «Natural Hist. Review,” April, cases, Sitzh. d. k. Akad. d. Wissensel
1863, p. 258, Seo also his Lecture, Wien. Bi. LX. and especially
Royal Instiution, arch 16, 1860, ~LXVI,, 1872, p. 125

On same subject, sce Moquin-Tandon, ® Verlot, * Des Variétés,’ 1865, p.
*Bléments de Tératologie,’ 1841, pp. 893 Naudis Nourelles Archives &
184, 352, Dr. ngmoi has collected  Muséum,” tom, 7.

a lirge number of very interesting
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many pelorie flowers. That pelorism is not due to mere chance
variability, but cither to an arrest of development or to reversion,
we may infer from an observation made by Ch. Morren,” namely,
at families which have irregular flowers often “return by these
moust.vonx growths to their regular form; whilst WI) never see &
regular flower realise the structure of an %4
‘Some flowexs have almost certainly become more g completely
peloric through reversion, as the following interesting caso shows,
Corydalis tuberosa properly has ome of its two nectaries colourless,
destitute of nectar, only half the size of the other, and therefore, to
a certain extent, in a rudimentary state; the pistil is curved
e e gerfoct nectary, and the hood, formed of the fnner
petals, slips off the pistil and stamen in one direction alone, so that,
when a bee sucks the perfoct nectary, the stigma and stamens aro
o md rubbed against the insect’s body. In several cl
nera, as in Dielytra, &c., there are two perfect nectaries,
the pmhl is straight, and. um hood slips off on either side, accord.

ing as the bee sucks either nectary. Now, I have examined several
flowers of is mbm.a, in which both nectaries were equally
developed and contained nectar; in this we see only the redcvm:{-
ment of a partially al burte\i ix but wnth 'ggn redeyelopment

pistil becomes xtnxght and the cither direction,
80 that these flowers have acquired the perfeot smmtnm, 50 well
adapted for of Diolytra and its ailics, We cannot
attribute these coadapt tedy modifications to chance, or to correlated
variability ; we L it i b seversion 1 o primodial
condition of the

The peloric flowers of Pelargonium have their five petals in all
Tespects a and there is no nectary; so that they 1 memble the

ftorna, stamens are also sometimes

filam an
they resemble the symmetrical flowens of the closely allied genus
Erodi enco we may look at the peloric flowers of Pelargo-
ium as having reverted to the state of some primordial form, the
mm of {ho threo clowly related genera of Pelargositum,

peloric fm—m of Antirinum majs, sppropriately called
ﬁw « Womier, the tubular and elongated flowers differ wonderfully
from those of the common snapdragon ; the calyx and the mouth
of the corolla consist of six equal lobes, and inelude six equal instead
of four unequal stamens.  One of the two additional stamens is
‘manifestly formed by the development of a microscopically minute
pesilla, which may found.at the baso of the upper 1ip of the

ex of the common snapdragons in the nineteen plants examined

 n his discussion on some curious  nal of Horticulture,” Feb. 24, 1863,
peloric Calceolarias, quoted in ¢ Jour-  p. 152.
VoL. IL »
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by me. That this papilla is a rudiment of a stamen was well shown
by its various degrees of development in crossed plants between the
cmmon and the pelorio Antirrhinum. . Again, & pelorie. Galeoh
dolon luteum, growing in my garden, had five equal petals,all stri
like 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
lobes to th corola, and from thresto s stamens Now,as the
of the two great families to which the Antirhinum and
Gialtoiat i ki e fovery ‘peciamiemou, wikh bouns Jor tin
parts confluent and others suppressed, we ought not to look at the
e matn an (s sixth I fo,the oralla n either caae 88 due
to reversion, any more than the additional petals in double flowes
in theso s two fumilies,  But tho cuse is ¥ diforent with tho fth
n the peloric Antirrhinum, which is produced by the
rodevelopment of & rudiment always presen, mxf’ vhich probubly
reveals to us the state of the flower, as far tamens are con-
cerned, at some ancient epoch. - It-is also ontt o beiave toat
the other four stamens and the petals, after an arrest of develo
ment at a_very early embryonic age, would have come to full
pestection in eolour,siructare, and fanction, unless these organs
ad at some former period nos ly passed tl-u'o a similar cot
of growih. . Hense it appeers & 1o probablé that the progenitar of
the genus Antirrhinum must at ‘some remote epoch have included
five stamens and borne flowers in some degree resembling those now
produced by the pelorio form. The conclusion that peloria s not
& mere monstrosity, irrespective of any former state of the species,
I8 supported by it fuot that this structuro is often smngly in-
, as in the case of the peloric Antirrhinum and Gloxinia and
wmel\meu in that of the pelonc Corydlisslida™
Lastly I may add that instances have been recorded of
Hbwhes cubk piasally Soaklebod as " peloriay in whish eertain
organs are abnormally augmented in number.  As an incrense
of parts canmot be looked 8¢ a8 an axrest of development, nor ss duo
1o tho redevelopmant of rudiments, for 10 rudiments aro present,
and aa thess additionl parts bring the plant into closer relationship
with its natural num ﬂmy ought probably fo bo viewed as rover-
sions to a primordial condition.

These several facts show us in an interesting manuer how
intimately certain abnormal states are connected together;
namely, arrests of development causing parts to become rudi-
mentary or to be wholly suppressed,—the redevelopment of

™ For other cases of six divisions 7 Godron, reprinted from
in peloric flowers of the Labiate and ‘Mémmrex de TAcad. de Blnmlu,

Scrophulariace, see Moquin-Tandon,
“Tératologie,’ p. 192.
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parts now in a more or less rudimentary condition,—the re-
appearance of organs of which not a vestige can be detected,
—and to these may be added, in the case of animals, the
prosenco during youth, and subsequent disappearance, of cor-
tain which ionally are retained

life. Some naturalists look at all such abnormal structures as
a roturn to the ideal state of the group to which the affected
being belongs; but it is difficult to conceive what is meant to
be conveyed by this expression. Other naturalists maintain,
with greater probability and distinctness of view, that the
common bond 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 be correct,
we must believe that a vast number of characters, capable of
evolution, lie hidden in every organic being. But it would
e a mistake to suppose that the number is equally great in
all beings. We kuow, for instance, that plants of many
orders occasionally become peloric; but many more cases have
been observed in the Labiate and Scrophulariacem than in
any other order; and in one genus of the Scrophulariaces,
namely Linaria, no less than thirteen species have been de-
seribed in this condition.® On this view of the nature of
peloric flowers, and bearing in mind certain monstrosities in
the animal kingdom, we must conclude that the progenitors of
most plants and animals have left an impression, capable of
redevelopment, on the germs of their descendants, although
these have since been profoundly modified.

The fertilised germ of one of the higher animals, subjected”
as it is to so vast a series of changes from the germinal cell to
old age,—ineessantly agitated by what Quatrefages well calls
the fourbillon vital,—is perhaps the most wonderful object in
nature. It is probable that hardly a change of any kind
affects cither parent, without some mark being left on the

But on the doctrine of reversion, as given in this
chapter, the germ becomes a far more marvellous object, for,
besides the visible changes which it undergoes, we must.

7 Moquin-Tandon, ¢ Tératologie,’ p. 186,
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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, lie ready to be evolved whenever the organisa-
tion is disturbed by certain known or unknown conditions.
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CHAPTER XIV,

INHERITANCE continued—FIXEDNESS OF CHAR
—SEXUAL LIMITATION—CORRESPONDENCE OF AGE.

FIXEDNESS OF CHARACTER AFPPARENTLY NOT DUE T0 ANTIQUITY OF INHERI-
or ~ OF THE SAME

FAMILY, IN CROSSED BREEDS AND SPECIES OFTEN STRONGER IN ONE
SEX THAN THE OTHER; SOMETDMES DUE TO THE SAME OHARACTER
BEING PRESENT AND VISIBLE IN ONE BREED AND LATENT IN THE OTHER
A8 LDIITED DY ™

OUR DOMESTICATED ANDIALS OPTEN TRANSMITTED BY ONE SEX ALONE,
SOMETDMES LOST BY ONE SEX ALONE—INHERITANCE AT CORRESPONDING

TO EMBRYOLOGY; AS EXNIBITED IN DOMESTICATED ANDIALS: AS
APPEARANCE DISAPPEARANCE OF INHERITED
; S0 (VENING EARLIER IN THE CHILD THAN IN

Ix the last two chapters the nature and force of Inheritance,
the circumstances which interfere with m power, md the
hdnnyh ion, with its many

were discussed. In the present chapter some other
nhhdyhmnmwlllbammdofufnﬂyumymmnnh
permit,

Fixedness of Character.

Tt is & general belief amongst breeders that the longer any
character has been transmitted by a breed, the more fully it
will continue to be transmitted. I do not wish to dispute the
truth of the proposition that inheritance gains strength
simply through long continnance, but I doubt whether it can
be proved. In one sense the proposition is little better than
& truism ; if any character has remained constant during many
generations, it will be likely to continue so, if the conditions
of life remain the same. So, again, in improving a breed, if
care be taken for a length of tmm to exclude all inferior

i 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, but without
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being able to assign any cause, that, when a new character
appears, it is occasionally from the first constant, or fluctuates
much, or wholly fails to be transmitted. So it is with the
of slight di which ch ise a new

variety, for some propagate their kind from the first much
truer than others. Even with plants multiplied by bulbs,
layers, &e., which may in one sense be said to form parts of
the same individual, it is well known that certain varieties
retain and transmit through successive bud-generations their
newly-acquired characters more truly than others, In nome
of these, nor in the following cases, does there appear to be
any relation between the force with which a character is
transmitted and the length of time during which it has heen
transmitted. Some varieties, such as white and yellow hya-
cinths and white sweet-peas, transmit their colours more
faithfully than do the varieties which have retained their
natural colour. In the Trish family, mentioned in the twelfth
chapter, the peculiar tortoiseshell-like colouring of the eyes
was transmitted far more faithfully than any ordinary colour,
Ancon and Mauchamp sheep and niata cattle, which are all
comparatively modern breeds, exhibit remarkably strong
powers of inheritance. Many similar cases could be adduced.
As all domesticated animals and cultivated plants have
varied, and yet are descended from aboriginally wild forms,
which no doubt had retained the same character from an
immensely remote epoch, we see that scarcely any degree of
antiquity ensures a character being transmitted perfectly
true. In this case, however, it may bo said that changed
conditions of life induce certain modifications, and not that
the power of inheritance fails; but in every case of failure,
some cause, either internal or external, must interfere, It
will generally be found that the organs or parts which in
our domesticated productions have varied, or which still
continue to vary,—that is, which fail to retain their former
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 one another
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have varied, whilst other parts of the organisation have re-
mained unchanged ; and it might be argued that these same
characters now vary under domestication, or fail to be in-
herited, from their lesser antiquity. But variation in a state
of nature seems to stand in some close relation with changed
conditions of life, and characters which have already varied
under such conditions wuuld be apt to vary under the still
greater changes 1
of their greater or less anuqmy

Fixedness of character, or the strength of inheritance, has
often been judged of by the preponderance of certain charac-
ters in the crossed offspring between distinct races; but
prepotency of transmission here comes into play, and this, as
we shall immediately see, 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 modified 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 cause of their resistance to im-
provement by crossing; but it is more probably due to their
structure and constitution being better adapted to the sur-
rounding 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

on changed condi of life ing a long

time for their Notwi di these
considerations, it would pexhaps R deny that charac-
ters become more strongly fixed the longer they are trans-
mitted ; but I believe that the proposition resolves itself into
this,—that characters of all kinds, whether new or old, tend
t0 be inherited, and that those which huve already withstood
all counteracting influences and been truly transmitted, will,
as a general rule, continue to withstand them, and conse-
quently be faithfully inherited.

1 See Yountt on Cattle, pp. 92, 69, p.
78, 88, 163; and Youatt on Sheep, K, & L p. 8

Dr Lllr:u, L'Héréd.
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Prepotency in the Transmission of Character.

When individuals, belonging to the same family, but
distinct enough to be ised, or when two well
Taces, or two species, are crossed, the usual result, as sr.md
in the previous chapter, is, that the offspring in the first
generation are intermediate between their parents, or resemble
one parent in one part and the other parent in another part.
But this is by no means the invariable rule; for in many
cases it is found that certain individuals, races, and species,
are prepotent in transmitting their likeness. This subject
has been ably discussed by Prosper Lucas,? but is rendered
extremely complex by the prepotency sometimes running
equally in both sexes, and sometimes more strongly in one
sex than in the other; it is likewise complicated by the
presence of secondary sexual characters, which render the
comparison of crossed breeds with their parents difficult.

Tt would appear that in certain families some one ancestor,
and after him others in the same family, have had great
power in transmitting their likeness through the male line;
for we cannot otherwise understand how the same features
should so often be transmitted after marriages with many
fomales, as in the case of the Austrian Emperors ; and so it was,
according to Niebuhr, with the mental qualities of certain
Roman families.® The famous bull Favourite is believed *
to have had a prepotent influence on the short-horn race. It
has also been observed ® with English race-horses that certain
‘mares have generally transmitted their own character, whilst
other mares of equally pure blood have allowed the character
of the sire to prevail. A famous black greyhound, Bedlamite,
as I hear from Mr. C. M. Brown “invariably got all his
“ puppies black, no matter what was the colour of the bitch ;”
but then Bedlamite “had a prepondemucu of black in hls
“blood, both on the sire and dam side.”

* (Héréd. Nat, tom. ii. pp. 112 270,

120, 3 Mr. N. H. Smith, ¢ Observations
3'Sir H. Holland, ‘Chapters on on Breeding,’ quoted in ¢ Encyclop. of
Mental Physiology,” 1852, p. 234, Rural Sports,” p. 278,

4 ¢ Gardener’s Chronicle,” 1860, p.

© The Complete Work of Charles Darwin Online



Cuar. XIV.]  PREPOTENCY OF TRANSMISSION, 41

o truth of the principle o propotency comes ot moro clan:r]y
when distinet rac he improved Short-horns,
thas B st par modern, are gene
acknowledged to D o in i ing thei
on all other breeds; and it is chief nmquence of this power
that they are 5o, highly valued for exportation?. Godine has given
& curions caso of rum of a goutlike breed of sheep trom the Capo
9f Good Hopo, which produced ofpring hardly to Pe distinguish
m himself, When crossed with ewes of twelve other breeds. But
0 e balfbred owes, wlen put to a uerino fam, produced
Iambs closely breed. Girou de
found that of two Taces of French sheep tho cwes of one, when
successive generations with merino rams, yielded
up their character far soomer than the ewes of tho other, race.
Sturm and Giron bave given analogons cases with other broeds of
shieep und with, eatle th propoteney ruming - theso cases
throngh the male sids; but 1 wus nssured on good anthoriy in
South America, that when niata cattle are crossed with common
cattle, thongh the niata breed is prepotent whethor males or females
are used, yet that the prepotency is strongest_through the female
line. The Manx cat is tailless and has long hind legs ; Dr. Wilson
crossed a male Manx with common cats, and, out of twenty-threo
Kittens, soventeen were destitute of fails; but when the female
Manx was crossed_ by common male cats all the kittens had tails,
thongh they wore generslly short and imperfoct®
In making rociprocal crossos he pouter and fratail pigeons,
the pouter-race ot throrigh both seses
tho fantail Tt mymkbly 6140 weak power n the fantail
to any unusually stroug power n the pouter, for [ have
St Tt burbs also propondersto over funtails
ness of transmission in the fantail, though the breed is et
(i ireeid $ ol be general bk T have: obeerved one exseption to
the rule, namely, in a_cross between a fantail and laugher. The
‘most curious instance known to me of weak power in_both sexes is
in the trumpeter pigeon. This breed has been well known for at
Toast 130 yeurs: it breeds perfoctly trus, as T lavo
those who have long kept many birds: it is characterised by a
B Sialice fuft of feathes ovor thybéak, by s creet:on the head, by
a singular coo quite unlike that of any other breed, and by much-
feathered foet. I have crossed both sexes with turbits of two sub-
Dreeds, with almond tumblers, spots, and runts, and reared many
mongrels and recrossed them ; and though the crest on the head

5
%
g
E
g
i

$ Quoted by ann, ‘Gesrhume p 112
der Natur, b. o Sturm,  ® Mr. Ortnn‘ “Physiology of Breed-
“Ucber Racen,” 1820, . 104107, ing’ 1855
For the nista cattle, s my  Journal ¢ Boitard snd Corbié, “Les Pigeois;
of Researches,’ 1845, p. 145, 1824, p. 224,

+ Lucas, ¢ L'Hérédité Nat.,” tom, i
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and feathered feet were inherited (as is generally the case with
most breeds), 1 have never seen a vestige of the tuft over the beak
or heard the peeuliar coo. Boitard and Corbié * assert that this is
i.he invariable result of crossing trumpeters with other breeds:
umeister,” however, sf-ltes that in Germany mongrels have been
obunned thongh very rarely, which were furnishe with the tuff
and would truﬂn;set (ol "pair of these mongrels with a tuft,
which I impor never trumpeted. Mr, Brent smtes“ thnt the
offspring of a trumpeter were crossed with_ trumpoters
three generations, by which time the mongrels had 7-8ths of tlus
blood in their veins, yet the tuft over the beak did not appear. At
the fourth cnemhon the tuft appeared, but the birds though now
having 15-16ths t ter's blood still did not trumpet. This
case well shows the wide difference between inheritance and pre-
pownny, fm Bt e bos 5 il established old race which
transmits racters faithfully, but which, when crossed with
say other nwe_, has the feeblest power of transmitting its two chief
characteristic qualities.
T will give one other instance with fowls and pigeons of weakness
and strength in the transmission of the same character to their
oﬂspnng The Silk-fowl bnzeds true, and there is reason
to believe is a very ancient race; but when I reared a. number
of mongrels from a Silk-hen by a Spanish cock, not one exhibited
even a trace of the so-called sllk:mcss Mr. Hewitt also asserts that

by Mr. Orton from a cross between a silk-cock and a bantam-hen
had silky feathers S0 that 1 15 cortain that this breed very
seldom hn the power of transmitting its peculiar plumage to its
rogeny. On the other hand, there is a A -varioty
P e e e nearly the same
state as in the Silk-fowl: now we have already scen that fntails,
when crossed, possess singularly weak power in transmitting
general qualities; but the silk sub-variety when
any other small-sized ace invariably transmits its silky endhors

but not one seedlmg m these three crosses inherited the black
odlont ot the) Black Peinie So, again, Mr. Laxton, who has had
such great expe:ﬂenoe in_crossing peas, writes to me that * when-
Y ever a cross has been effected between a white-blossomed and a
< purple-blossomed pea, or etween o whit-seeded and  purplo-
spotted, brown or maple-seeded pea, the offspring scems to lose

10 ¢Los Pigeons, pp. 168, 198. Y, Hewitt, in The Poultry Book,!
' {Dus Guusndec, 1630, 8,89, by Tegetmeier, 1866, p. 2
12 ¢The Pigeon Book,’ p. 45. . iand and Corbi, Les Pigeons,”

1 ¢Physiology of Breeding,” p. 22; 1824, p. 226,
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“ nearly all the characteristics of the white-flowered and white-
« seeded varieties; and this result follows whether these varieties
« have been used as the pollen-bearing or seed-producing parents,”

Tho law of prepotency comes into action when species are ¢ 5
as with races and individuals, Giirtner has unequivocally shown
that this is the case with plants, To give one instance: when
Nicotiana paniculata and vincaflora are crossed, the character of
N. paniculata is almost completely lost in the hybrid ; but if N.
quadrivalvis be crossed with N. vincaflora, this latter species,
which was before so prepotent, now in ifs turn almost disappears
under the power of N. quadrivalvis. It is remarkable that the

potency of one species over another in transmission is quite in-
lependent, as shown by Giirtner, of the greater or less facility with
which the one fertilises the other.

‘With animals, the jackal is prepotent over the dog,«as is stated
by Flourens, who made many crosses between these animals; and
this was likewise the case with a hybrid which T once saw between
a jackal and a terrier. I cannot doubt, from the observations of
Colin and others, that the ass is prepotent over the horse; the pre-
potency in this instance running more strongly through the male
than throngh the female ass; so that the mule resembles the ass
more closely than does the hinny® The male pheasant, judging
from Mr. Hewitt’s descriptions,” and from the hybrids which I
have seen, preponderates over the domestic fowl; but the latter, as
far as colour is concerned, has considerable power of transmission,

1 ¢ Bastarderzeugung,'s. 256, 290,
&e. Naudin (* Nouvelles Archives du
Muséum,” tom. i. p. 149) gives a
striking instance of prepotency in
Datura stramonium when crossed with
two other species.

1 Flourens, ¢ Longévité Humaine,’

44, on_crossed jackals. With
Tespect to the d
mule and the hinny, I am aware that
this has generally been attributed to
the sire and dam transmitting their
characters _differently; but ~Colin,
who has given in his ‘Traité Phys.

mp.,’ tom. i pp. 537-539,
fullest’ description which I b
with of these reciprocal hybrids, is
strongly of opinion that the ass pre-
ponderates in both crosses, but in an
unequal degree. This is likewise the
conclusion of Flourens, and of Bech-
stein n his * Naturgeschichte Deutsch-
lands,” b i. s. 204, The tail of the
hinny is much more like that of the
horse than is the tail of the mule,

and this is generally accounted for
by the males of both species trans-
mitting with greater power this part
of their structure; but a compoun
hybrid which I saw in the Zoological
Gardens, from a mare by a hybrid
ass-zebra, closely resembled its mother
n its tail.

17 Mr. Hewitt, who has had such
great_experience in raising _these
hybrids, says (Poultry Book’ by
Mr. Tegetmeier, 1866, pp. 165-167)
that in all, the head was destitute of
wattles, comb, and ear-lappets ; and
all closely resembled the pheasant in
the shape of the tail and general con-
tour of the body. These hybrids
were raised from hens of several
breeds by a cock-pheasant; but
another hybrid, described by Mr,
Hewitt, was raised from a hen-
pheasant, by a silver-laced Bantam
‘cock, and this possessed a rudimental
comb and wattles.
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for hybrids raised from five dlﬁemngg coloured hens differed
greatly in plumage. I formerly examined some curious hybrids in
the Zmlogml (Gardens, between the Penguin variety of the com-
mon and the Egyptian goose (Anser ayptiarus); ; and al-
thongh T will not assert that the domesuuted esseso
rated over the natural species, yet it D ey imprmerLite
nnmmml npngm figure on these hybrids.

B2y e foregoing have been ascribed
by el nnthors, not to one species, race, or individual bein;
prepotent over the other in impressing its character on its crosse
offspring, but to such rules as that the father influences the ex-
ternal characters and the mother the internal or vital organs. But
the great diversity of the rules given by vmous authors n]most
proveu their falseness. Dr. Prosper Lucas ly discussed 1]

and has shown ™ that none of ﬂm mlu (n.nd I could Mid
e qnoted Dy him) apply to all animals. Similar rules
have been announced for plants, and have been proved by Giirtner
to be all erroneous. If we confine our view to the domesticated
races of a single species, or perhaps even to the species of the same
genus, some such rules may hold good ; for instance, it seems that
in reciprocally crossing various breeds of fowls the male gamaxally
gives colour; ® but conspicuous exceptions have
own eyes. It soems that the ram usually gives its pecnll lmm
and fleeco o] m crossed offspring, and the bull the presence or
absence of

Tn the followmg chapter on Crossing T shall have occasion to
show that certain characters are rarely or never blended by cross-
ing, but are transmitted in an unmodified state from either pnrent—
form ; I refer to this fact here because it is sometimes accompanied
on the one side by prepotency, whwh thus acquires the false
appearance of unusual strength. In the same chapter I shall
show that the rate at which a species or breed absorbs and ob-

litertes another by repeated crosses, depends in chief part on
‘prepotency in transmission,

In conclusion, some of the cases above given,—for instance,
that of the trumpeter pigeon,—prove that there is a wide
difference between mere inheritance and prepotency. This
latter power seems to us, in our ignorance, to actin 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, cither
with prepotent force or singular fecbleness. It is obvious,

18 ¢ L'Héréd. Ne

torn. i, ook 8. Musdumy tom. . . 148) has arived
at a similar conclusior

BastanderzeongGigt 490003000 * % FCOARRY" (e iner 1856, oo

Naudin (‘ Nouvelles Archives du 101, 137.

ch.
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Cmar. XIV.  PREPOTENCY OF TRANSMISSION, 45

that a purely-bred form of either sex, in all cases in which
Pprepotency does not un more strongly in one sex than the
other, will transmit its character with prepotent force over
a mongrelised and already variable form.”* From several of
the above-given cases we may conclude that mere antiquity
of character does not by any means necessarily make it pre-
potent. In some cases prepotency apparently depends on the
same character 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 potentially present in both breeds should be prepotent.
Thus, we have reason to believe that there is a latent ten-
dency 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 offspring are almost sure to be
striped. Sheep have a similar latent 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 character-
istic marks, and it is known that, when a bird thus coloured
is crossed with one of any other colour, it is most difficult
afterwards to eradicate the blue tint. A nearly parallel case
is offered by those black bantams which, as they grow old,
develope a latent tendency to acquire red feathers. But
there are exceptions to the rule: hornless breeds of cattle
possess a lutent capacity to reproduce horns, yet when crossed
with horned breeds they do not invariably produce offspring
Dearing horns.

We meet with analogous cases with plants. Striped flowers,
though they can be propagated truly by seed, have a latent
tendency to become uniformly coloured, but when once crossed
Dy a uniformly coloured variety, they ever afterwards fail to

21 Seq some remarks on this head  between English and French sheep.
with respect to sheep by Mr. Wilson, He found that he obtuined the
in ¢ Gardener’s Chronicle,’ 15, desired influence of the English breeds
Many striking instances o( this result by crossing intentionally mongrelised
are *given A French breeds with pure English
(Journ. R T gl b

855, p. 220) with respect to crosses

T Sl e e e e T



46 INHERITANCE, Onar. XIV.

produce striped seedlings.?  Another case is in some respects
more curious: plants bearing peloric flowers have so strong
a latent tendency to reproduce their normally irregular
flowers, that this often occurs by buds when a plant is trans-
planted into poorer or richer soil.? Now I crossed the peloric
snapdragon (Antirrhinum majus), described in the last chapter,
with pollen of the common form ; and the latter, reciprocally,
with peloric pollen. I thus raised two great beds of seed-
lings, and not one was peloric. ‘Naudin ** obtained the same
result from crossing a peloric Linaria with the common form.
I carefully 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 de-
veloped. It must not be supposed that this entire obliteration
of the peloric structure in the crossed plants can be accounted
for by any incapacity of transmission; for I raised a large
bed of plants from the peloric Antirrhinum, artificially fer-
tilised by its own pollen, and sixteen plants, which alone
survived the winter, were all as perfectly peloric as the
parent-plant. THere we have a good instance of the wide dif-
ference between the inheritance of a character and the power
of transmitting it to crossed offspring. The crossed plants,
which perfectly resembled the common snapdragon, were
allowed to sow themselves, and out of a hundred and twenty-
seven seedlings, eighty-eight proved to be common snap-
dragons, two were in an intermediate condition between the
peloric and normal state, and thirty-seven were perfectly
pelorie, having reverted to the structure of their one grand-
parent. This case seems at first sight to offer an exception
%o the rule just 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. For in all the Scrophulariacew, and especially in
the genera Antirrhinum and Linaria, there is, as was shown
# Verlot, ¢ Des Variétés,’ 1865,

p. 66
 Moquin-Tandon, < Tératologie, p. 1
# ¢ Nouvelles Archives du Muséum, ity 197,
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in the last chapter, a strong latent tendency to become
peloric; but there is also, as we have seen, a still stronger
tendency in all peloric plants to reacquire their normal
irregular structure. So that we have two opposed latent
tendencies in the samo plants. Now, with the crossed
Antirrhinums the tendency to produce normal or irregular
Howers, like those of the common Snapdragon, prevailed in
the first generation; whilst the tendency to pelorism, ap-
pearing to gain strength by the intermission of a generation,
prevailed {0 a large extent in the sccond set of seedlings.
How it is possible for a_character to gain strength by the

ofa ion, will be 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 ono sex than
the other,—from the existence of secondary sexual charac-
ters,—from the transmission of certain characters being
limited, as wo shall immediately see, by sex,—from certain
characters not blending together,—and, perhaps, occasionally
from the effects of a previous fertilisation on the mother.
1t is therefore mot surprising that no one has hitherto
succeeded in drawing up goneral rules on tho subject of
prepotency.

Inheritance as limited by Sex.

New characters often appear in one sex, and are afterwards
transmitted to the same sex, either exclusively or in a much
greater degree than to the other. This subject is important,
because with animals of many kinds in a state of nature, both
high and low in the scale, secondary sexual characters, not
d.\recﬁy connected with the organs of reproduction, are con-

present. With our animals, ch
of this kind often differ widely from those distinguishing the
two sexes of the parent species ; and the principle of inheri-
tance, as limited by sex, explains how this is possible.
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Dr. P. Liucas has shown® that when a peculiarity, in no mannet
connceted with the reproductive organs, appears in’cither parent,
it is often transmitted exclusively to the offspring of the same sex,
or to o much greater number of them than of the opposite sex.
Thus,in the fanily of Lambort, the horn-liko projeoions on the
ere transmitted from the father to ns and gran
alone o it hus bean with other casss of dohthyosls, with snpen-
numerary digits, with  defiiency of diits and phalaiges,
lesser ‘avions disssses, especially with colour.blindness
opl iemorrhagio disghels,thatis,an extreme lnlilty toprofuse
and_uncontrollable bleeding from trifling wounds. On
i i ) ,during soveral genemhons, m theu'

and other peculiarities. So that the very same’ poculiarity may
become attaced to cither sex, and be long inherited by that sex
n.lo).w bnt the attachment in certain cases is much more frequent
n the other sex. The same P e sk e

‘prmmm m;[ transmitted to either sex. Dr. Lucas gives other
cases, 5how1ng that the male wcasmmlly ‘transmits his pecnhnnhes
to his daughters alone, and the mother to her sons alone; but e

in this case we see that inheritance is to a_cerfain extent, ﬂwugh
mvamly, regulated by sex. Dr. Lucas, after weighing the whole
evidence, comes to the conclusion that every peculiarit
be tr smitted in a greater or lesser degree to that sex in which it

pears. But a more definite rule, as I have elsewhere shown,*

generully ly holds good, mme]y, that vunn(xons which first appear in
cither sex at a late period of life, W o reproductive functions
are active, tend to be dcvoloped in thut sex alone;

which first appear early in life in either sex are commonly trans-
mittad to both soxes, I am, however, fur rom supposiug that this
is the sole determining ca:

A etaily tooen e ok many cases collected by Mr. Sedgwick*
may be here given. Colour-blindness, from some unknown cause,
shows itself much ofter ner m m&les than in females; in upwards of
two hundred cases collected by Mr. Sedgwick, nine-tenths related
tomen; bllﬁ itis emmenﬂy lm'ble to be transmitted through women.
In iven by Dr. Earle, members of eight related families
et ol ol g Bt o timiat thido Bnilien oonsisted of
sixty-one mdmdnnls, namely. of thirty-two males, of whom nine-
sixteenths were incapable of distinguishing colour, and of twenty-
nine females, of whom only o T v e oDt
Although colour-blindness thus generally clings to the male sex,

3 (LHéréd, Nat,!tom. i pp. 197 On Sexual Limitation i Hereli-
165, See, also, Mr. Sedgwick’s four tary Diseases, *Brit. anl For,
‘memoirs, immediately to be referred  Chirurg. Review,’ April 1861, n7,
to. July, p. 198 5 April 1863, p. 443 ; and

¢ Descent of Man,’ 2nd edit,, p.  July, p. 159, Also in 1867, ‘On the
3. inlbadoeof Agsin Hereditary Disoasey
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nevertheless, in one instance in which it first appeared in a female,
it was i luring five i to_thirteen indivi
all of whom females. The ic diath , often accom-
sﬂnied by rheumatism, has been known to affect the males alone
luring five generations, being transmitted, however, throngh the
females. It is said that deficient phalanges in the fingers have
been inherited by the females alone during ten generations. In
another case, a man thus deficient in both hands and feet, trans-
mitted the peculiarity to his two sons and one daughter; but in
the thi meration, out of nineteen grandchildren, twelve sons
had the family defect, whilst the seven daughters were free. In
ordinary cases of sexual limitation, the sons or daughters inherit
the peculiarity, whatever it may be, from their father or mother,
and transwit it to their children of the same sex; but generally
with the hemorrhagic diathesis, and often with colour-blindness,
and in some other cases, the sons never inherit the peculiarity
direetly from their fathers, but the daughters alone transmit the
latent tendency, so that the sons of the daughters alone exhibit it,
Thus_the father, grandson, ind great-great-grandson will exhibit a
arity,—th daughter, and great-grand-daught
having transmitted it in a latent state. Hence wo have, as Mr.
Sedgwick remarks, a double kind of atavism or reversion; each
n receiving and d ing the arity from
hdgmdf.&, and each daughter apparently receiving the latent
lency from her grandmother.

From the various facts recorded by Dr. Prosper Lucas, Mr.
Sedgwick, and ofhers, there can be 1o oubt that peouliarities irst
appearing in_either sex, though mot in any way necessarily or
invariably connected with that sex, strongly tend to be inherited by
the offspring of the same sex, but are often transmitted in a latent
state through the opposite sex.

Turning now to domesticated animals, we find that certain
characters not Jroper to the parent species are 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,
we have seen that the males of certain races differ greatly from
the females in the shape of their horns, these being absent in the
ewes of some breeds; they differ also in the development of fat in
the tail and in the outline of the forehead. 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, a_great difference botween
the horns of the two sexes in one Indian breed of goats. The bull
zZebu is said to have a larger hump than the cow. In the Seotch
deer-hound the two sexes differ in size more than in any other
variety of the dog* and, judging from analogy, more than in the
aboriginal parent-species. The peculiar colour called tortoise-

™ W. Serope, ‘ Art of Deer Stalking,’ p. 854,
VOL. 11
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shell is very rarely seen in a male cat; the males of this variety
being of a rusty
In various breeds of the fowl the males and females often differ
greatly ; and these differences are far from being the same with
those which distinguish the two sexes of the parent-species, the
Gallus bankiva ; and consequently have origivated under domesti-
in sub-varieties of the Game race we have the
unusual case of the hens differing from each other more than the
cocks. TIn an Indian breed of a white colour shaded with black, the
hens invariably have black skins, and their bones are covered hy a
black periosteum, whilst { t'ne cooks aro never or most rurely thus

S el iy i e ena o no ofion it wrach: e
the males and females of the parent-form, the C. livi, are undistin-
guishable: yet we 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, or otherwise differ in colour. 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 conspicuous. So that here we have instances of
the appearance of secondary sexual characters in the domesticated
races of a species in which such differences are naturally quite
absent.

On the other hand, secondary sexual characters which
belong to the species in a state of natre 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 mascu-
line characters have been partly transferred to the female, as
with the splendid plumage of the golden-spangled Hamburg
hen, the enlarged comb of the Spanish hen, the pugnacious
disposition of the Game hen, and as in the well-developed
spurs which oceasionally appear in the hens of various breeds.
In Polish fowls both sexes are ornamented with a topknot,
that of the male being formed of hackle-like feathers, and
this is & new male character in the genus Gallus. On the
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wholo, as far as I can judge, new characters are more apt
to appear in the males of our domesticated animals than in
the females,?” and afterwards to be inherited exclusively or
more strongly by the males. Finally, in accordance with
the principle of inheritance as limited by sex, the o
tion and of dary sexual

natural species offers no especial difficulty, as this ot
follow through that form of selection which T have called
sexual seloction.

Tnheritance 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 one of the most remarkable
facts in biology, namely, the difference between the embryo
and the adulf 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 inherited
ata ding age. Asa f tlns the embryo,
even after the parent-f
is left only slightly modified ; and the embryos of widely-
different animals which are descended from a common pro-
genitor remain in many important respects like one another
and probably like their common progenitor. We can thus
understand why embryology throws a flood of light on the
natural system of classification, as this onght to beas far as
possible genealogical. When the embryo leads an inde--
pendent lifo, that is, becomes a larva, it has to be adapted
to the surrounding conditions in its structure and instinets,
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 so obvious that it
escapes attention. We possess a number of races of animals
and plants, which, when compared with one another and with

® [ have given in my ‘Descent of usually more variable than the fe-
Man’ (20d_edit., p. 223) sufficient males.
evidence that male animals are
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their parent-forms, present both in
their immature and mature states, Look at the seeds 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-grown plants differ but little. Cabbages, on
the other hand, differ greatly in foliage and manner of growth,
but hardly at all in their seeds ; and gemerally it will be
found that the differences between cultivated plants at dif-
ferent periods of growth are not necessarily closely connected
together, for plants may differ much in their seeds and little
when full-grown, and conversely may yield seeds hardly
distinguishable, yet differ much when full-grown. In the
soveral breeds of poultry, descended from a single specics,
differences in the eggs and chickens whilst covered with
down, in the plumage at the first and subsequent moults, as
well as in the comb and wattles, are all inherited. With
man peculiarities in the milk and second teeth (of which I
have received the details) are inheritable, and longevity is
often transmitted, So again with our improved breeds of
cattle and sheep, early maturity, including the early develop-
ment of the teeth, and with certain breeds of fowl the early

-y sexual ch all come under the
Setis Hidl t-imbriinie ot 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 differin size, colour,
and shape: the caterpillars differ, in moulting threo 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 distinguishable 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 horn 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, earlier or later
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in life, yet are inherited at the same period at which they
first appeared.

In the Lambert family the porcupine-like excrescences appeared
in the father and sons at the same 269, namely, about nino wecks
after birth® In the extraordinary hairy family described by Mr.
Crawfurd,® children were produced dunng three generations with
hairy cars; in the father the hair began to grow over his body at
six years old; in his daughter somewhat earlier, nnmcly, at ‘one

ear ; and in both generations the milk teeth appeared late in life,
he pe: t teeth being afterwards gnlarly deficient.  Grey-
ness of hmr at An mnmll mrly age has been transmitted in some
n diseases inherited at corresponding

])ermd.a of Me to b ahnll mmmdlntely Tofer.
tumbler pigeons, that
the fall bemy and mnhﬁ chamctar of nm plumage does not
moulted two or three times. Neumeister
and figures a brace of pigeons in which the whole body is
white except the th breast, neck, and by head; but in their first plunage
all the white feathers Another breed is more
remarkable: its ﬂn;eglmmie is blu mthmatyred wing-bars

‘mar]

on the ; these marks then

analogous
given® of a family of himd B whih wers o nhscrved in
798, near Chalfont, and which every year from that dato up to the
period of the published notio, viz 1857, « havo sovaral of their

« plumage, however, disappears with the first moult; but amon;
“the mext young gl always o fow pied ones”
These changes of plumage, which are mhemed at various corre-
sponding periods of life in the plgeon, canary-bird, and rook, are
marknbe, because the parent-species passes through no such

I.n.heriwd diseases afford evidence in some respects of less value

B Do Do Mo D Giom der Teibmmet?
kind," 1851, ve 1837, 5, 24, tab, iv,, fig. 2; 5.21, tab.

' Embassy fo the Court of Ava, i, fig.
vol.i. p. 520, The thind generation  * Kidd’s ‘Treatise on the Canary,’
is described by Capt. Yule in his
¢Narrative of the Mission to the  * Charlesworth, ¢Mag. of Nat,
Court of Ava,” 1855, p. 04, Hist.," vol. i, 1857, p. 167.
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than the foregoing cases, becanse diseases are not necessarily con-

nected with any change in structure; but in other respects of more
value, because the periods have been more careful ly observed.
rtain diseases are the chil

¥
a pmeﬂs ko oculation, and. the eLild ds fron. the. hiat affstocs
such cases may be here over. classes of diseases
ke e ‘appear Jar At cartain ages, such as St. Vitus's dance in youth,
consumption i early mid-Ife gout ater, and apoplexy sl mer,
naturally inhy in

and these are at the same period. But even
of this class, instances have been recorded, as with St.
vmu'. dance, showing that an unusnally early or late mndency to
the disease is inheritable® In most cases the appearance of
inherited diseaso is largely determined by certain critical par
m each penonl hfn as well as by nnl'nonnble conditions. ~ There
y other which ll'! not attached to any particular
penod, b it which certainly tend mﬂr in the child at about
ho same age at which tho plmt was first,_attacked. An array of
l.ugh anthorities, ancient and modern, could be given in support of
this proj The illustrious Hunter believed in it; and Piorry®
cautions the physician to look clomly'a the child at ﬂm period
when any grave inheritable ¢ ed the par
Prosper Lucas,” after colle facts from every souma,
that affections of all kinds, though not related to any particular
period of life, tend to reappear in the offspring at wmever period
of lifo they first appeared in the progenitor.
As the subject is_important, it may be well to give a few
maunm, simply as illustrations, not as proof; for proof, recou
be had the authorities above quoted. ~Some of the
followmgcuel have been selected for the sake of showing that, whan
parture the rule wcurs, the child is affected sor
m urlmm life than the Pt ’In the family of LeCompee
cos was iberited through {ieo gonerutions, and no
thnn twenty—levan children grandchildren were all &ﬂucwd at
about the e age; their blindness in general began to advance

me Dind at. twenty-ono years
another, a at thirty-five, her dan; 'ﬁl’ll
s i e ek e e Sz e danhier at

3 Dr. Prosper Lucas, ¢ Héréd. Nat,”  children md grandchildren is given
tom, 713, as 57; is seems to be an error

rid. dane. Lo Maladite)  Judging mmh. paper st publshed

. 135 For Hunter, see Har- ore Med. and Phys,

ed. Researches,” p. 530. m, 1806, of which s Selgwick

i -uu:m Nat,) fom. ii. p. 850, has been so kind s to send me a copy,
ck, *Brit, and For. Med.  ® Prosper Lucas, *Héréd. Nat.

chunrg Reviow; April, 1861, p. 485, tom. i. p. 400.
In some accounts the number of
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8o with deafness, two brothers, their futher and paternal grand-
fnlxer all became deaf at the age of fort;

Esquirol gives several smkmg msta.nceﬂ of insanity coming on
at the same age, as that of a grandfather, father, and son, who all
committed suicide near their fiftieth year.  Many other cases could
e given, as of a whole family who became insane at the age of forty.®
Other carebral affootions ‘somotimee follow tho same. rule,— for
instance, epilepsy and apoplexy. A woman died of the latter
disease when sixty-three years old; one of hor daughters at forty-
three, and the other at sixty-seven: the latter had twelve children,
who all dle\i from tubercular meningitis.* I mention this latter

lustrates a frequent oceurrence, namely, a change
fn the premse nature of an inherited disease, though still affecting
the same organ.
Asthma has attacked several members of the same family when
[my years old, and ot.her families during infancy. The most
ferent diseases, s angina pectoris, stone in the bladder, and
vmmu affections of the skit, havo appeared in_successive genera-
tions at nearly the same age. The little finger of a man began from
some unknown cause to gro mwnd.s md the same finger in his
two sons began sune d in in a similar
manner. Strange and inexplicable nsnmlglc affections have caused
mﬁ! and children to suffer agonies at about the same period
will give only two other cases, which are miemhng as
ill\lntntmg the disappearance as well as the appearance of discase
at the same age. Two brothers, their father, their paternal uncles,
seven mnmu. ternul r, were all similarly

6005600 iy & K s, call o ity zinei vorsiolor ; * the dincows,
striotly limited 10 the alos of the family (thongh transmitted
through the females), usually appeared at puberty, and dis.

1
nppeuted at abotit the age of forty or forty-ve yeara - The second”

is_that of four brothers, who when about twelve years old
Fuffered almost every ok from sovero hondaches, which were
relioved only by a recumbont position in a dark room. Their
father, paternal ncles, paternal grandfather, and granduncles all
suffered in the same way from headaches, which ceased at the age
of fifty-four o fifty-five in all those who lived so long. None of
the fowales of the family were affected.*

Tt is impossible to read the foregoing accounts, and the
many others which have been recorded, of diseases coming
“ Sedgwick, ibid., July, 1861, p. 1663, p. 49, and July, 1865, p.162;
r. J. Steinan, © Ess n Hersitary

o Pinrry, 7 1035 Proser Lucas
tom.
W

as, tom. ii, p, 748,
B Brovter Lo, tom, i pp. 75,
um, 702; Sedgwick, . itid., April

hmw,‘ 1843, pp. 2

o cuies ar given by Mr.
Sedgwick, on the authority of Dr. H,
Stewart, in ¢ Med.-Chirurg. Review,
‘April, 1863, pp. 439, 477.
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on during three or even more generations in several members
of the same family at the same age, especially in the case of
rare affections in which the coincidence cannot be attributed
to chance, and to doubt that there is a strong tendency to in-
heritance in disease at corresponding periods of life.  When
the rule fails, the diseaseis apt to come on earlier in the child
than in the parent; the exceptions inthe other direction
being very much rarer. Dr., Lucas *° alludes to several cases
of inherited diseases coming on at an earlier period. I have
already given one striking instance with blindness during
three generations ; and Mr. Bowman remarks that this fre-
quently occurs with cataract. With cancer there seems tobe
a peculiar liability to carlier inheritance: Sir J. Paget, who
has particularly attended to this subject, and tabulated a large
number of cases, informs me that he believes that in nine
cases out of ten the later generation suffers from the disease
at an carlier period than the previous generation. He adds,
“In the instances in which the opposite relation holds, and
the members of later generations have cancer at a later age
than their predecessors, I think it will be found that the
non-cancerous parents have lived to extreme old ages” So
that the longevity of a non-affected parent seems to have the
power of influencing the fatal period in the offspring; and
we thus apparently get another element of complexity in
inheritance.

le facts, s'howmg that with certain diseases the period of
i or even advances, are
important with respect to the general descent-theory, for they
render it probable that the same thing would occur with
ordinary modifications of structure. The final result of a
long series of such advances would be the gradual obliteration
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 tendency to lose its proper character at too early an age.

4 ¢ Heéréd, Nat.," tom. ii. p. 852,
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Finally, from the numerous races of cultivated plants and
domestic animals, in which the seeds or eggs, the young or
old, differ from one another and from those of the parent-
species ;— from the cases in which new characters have ap-
peared at a particular period, and afterwards been inherited
at the same period ;—and from what we know with respect
1o disease, we must beliove in the truth of the great principle
of inheritance 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,
a coloured lock of hair, or a mere gesture,—or of the highest
importance, as when affecting the brain, or an organ so perfect
and complex as the eye,—or of so grave anature as to deserve
to be called a monstrosity,—or so peculiar as not to oceur
normally in any member of the same natural class,—are often
inherited by man, by the lower animals, and plants. In
numberless cases it suffices for the inheritance of a pecu-
liarity that one parent alone should be thus characterised.
Tnequalities in the two sides of the body, though opposed to
the law of symmetry, may bo transmitted. There is ample
evidence that the effects of mutilations and of accidents, es-
pecially or perhaps exclusively when followed by discase, are
occasionally inherited. There can be no doubt that the evil
effects of the long-continued exposure of the parent to in-
;nnoun are to the offspring.
Bo it is, as we shall see in a future chapter, with the effects
of the use and disuse of parts, and of mental habits. Periodi-
cal 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-inberitance as the anomn,ly But this powm‘ often ap-
pears to us in our i
a character with 1nexphmblo smngm U foshlandss e
very same peculiarity, as the weeping habit of trees, silky
feathers, &c., may be inherited either firmly or not at all by
different members of the samo group, and even by different
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individuals of the same species, though treated in the same
manner. In this latter case we see tht the power of trans-
mission is a quality which is merely individual in its attach-
ment.  As with singlo charaoters, so it is with tho soveral
slight d which

or races ; for of these, some can be propagated almost as tr\lly
as species, whilst others cannot be relied on. The same rule
holds good with plants, when propagated by bulbs, offsets,
&e., which in one sense still 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 parent-species have cer-
tainly been inherited from an extremely remote epoch, and
may therefore be considered as firmly fixed. But it is doubt~
ful whether length of inheritance in itself gives fixedness of
character; though 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
romain the same.  We know 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 \‘.hnt inheritance wholly fails, but
that new ch In some
few cases, in which buth pmnm are similarly characterised,
inheritance seems to gain so much force by the combined
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
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has been lost through variation, it occasionally reappears
through reversion, so that the parents apparently fail to
transmit their own likeness. In all cases, however, wo 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 succession of bud-generations, a flower or fruit
becomes separated into distinct 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 commingled 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 mon-
strosities, which resemble what naturalists call the typical
form of the group in question, apparently come under the
same law of reversion, It is assuredly an astonishing fact
that the male and female sexual elements, that buds, and
even full-grown animals, should retain characters, during
several gencrations in the case of crossed breeds, and during
thousands of generations in the case of pure breeds, written
as it werein invisible ink, yet ready at any time to be evolved
under certain conditions.

What theso conditions precisely are, we do not know.
But any cause which disturbs the organisation or constitu-
tion seems to be sufficient. A cross certainly gives a strong
tendency to the of long-lost c both
corporeal and mental. In the case of plants, this tendency
is much stronger with those species which have been crossed
after long cultivation and which therefore have had their
constitutions disturbed by this cause as well as by crossing,
than with species which have always lived under their natural
conditions and have then been crossed. A return, also, of
domesticated animals and cultivated plants to a wild state
favours reversion ; but the tendency under these circumstances
has been much exaggerated.

When individuals of the same family which differ some-
what, and when races or species are crossed, the one is often
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prepotent over the other in transmitting its character. A
Tace may possess a strong power of inheritance, and yet when
crossed, as we have seen with trumpeter-pigeons, yield to the
prepotency of every other race. Prepotency of transmission
may be equal in the two sexes of the same species, but often
runs more strongly in one sex. Tt plays an important part
in determining the rate at which one race can be modified or
wholly absorbed by repeated crosses with another. We can
seldom tell what makes one race or species prepotent over
another ; but it sometimes depends on the same character
being present and visible in one parent, and latent or poten-
tially present in the other,

Characters may first appear in either sex, but oftener in
the male than in the female, and afterwards be transmitted
to the offspring of the same sex. In this case we may feel
confident that the peculiarity in question is really present
though latent in the opposito sex! henco the father may
transmit through his daughter any character to his grandson ;
and the mother conversely to her granddaughter. We thus
learn, and the fact is an important one, that transmission and
development are distinct powers. Occasionally these two
powers seem to be istic, or incapable of combinati
in the same individual ; for several cases have been recorded
in which the son has not directly inherited a character from
his father, or directly transmitted it to his son, but has
received it by jssion through his flected mother,
and itted it throngh his flected danghter. Owing
to inheritance being limited by sex, we see how secondary
sexual characters may have arisen under nature; their
P ion and jon being 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 is developed. When this rule fails,
the child generally exhibits the character at an earlier 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
succession of characters,
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Finally, thongh much remains obscare with respect to Tn-
heritance, we may look at the following laws as fairly well
established. 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, reversion or atavism, which depends on transmis-
sion and development being distinct powers: it acts in
various degrees and manners thmlxgh both semnml and bud

i Thirdly, ion, which
may be confined to one sex, or (e
Fourthly, transmission, as limited by sex, generally to the
same sex in which the inherited character first appeared;
and this in many, probably most cases, depends on the
new character having first appeared at a rather late period
of life. Fifthly, inheritance at corresponding periods of life,
with some tendency to the earlier development of the
inherited character. In these laws of Inheritance, as dis-
played 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.

FREE THE BETWEEN ALLIED
PREEDS—WHEN THE NUMBERS OF TWO COMMINGLING BREEDS ARE
UNEQUAL, ONE ABSORBS THE OTHER—THE RATE OF ABSORFTION DETER-
MINED BY PREPOTENCY OF TRANSMISSION, BY THE CONDITIONS OF LIFE,
AND BY NATURAL SELECTION—ALL ORGANIC BEINGS INTER-
CROSS; APPARENT EXCEPTIONS—ON CERTAIN CHARACTERS INCAPABLE OF
¥USION; CHIEFLY OF EXOLUSIVELY THOSE WHICH HAVE SUDDENLY

HAVE BUED TAUE FIOM THEIR FIRST PHODCCTION—ON THE CROSSING OF
DISTINCT SFECIES IN TELATION TO TUE FORMATION OF DONESTIC
RACES.

Ix the two previous chapters, when discussing reversion and

prepotency, I was necessarily 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

iterating cl and in ing the
formation of new races; and secondly, in the modification of
old races, or in the formation of new and intermediate races,

Ty a combination of characters. I shall also show that certain

characters are incapable of fusion.

The effects of free or uncontrolled breeding between the
members of the same variety or of closely allied varieties are
important ; but are so obvious that they need not be dis-
cussed at much length, Tt is free intercrossing which chiefly
gives uniformity, both under nature and under domestication,
t0 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 cross-
ing, 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 distinct, unless he
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separated his animals. Tho killing of inferior animals in
each generation comes to the samo thing as their separation.
In savage and semi-civilised countries, where the inhabitants
have not the means of separating their animals, more than
a single breed of the same species rarely or never exists. In
former times, even in the United states, there were no distinct
races of sheep, for all had been mingled together.! The cele-
brated agriculturist Marshall  remarks that ‘“sheep that
“are kept within fences, as well as shepherded flocks in open
“ countries, 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
other kinds; whereas in the unenclosed parts of England
the unshepherded 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
each of the several British parks are nearly uniform in cha-
Tacter ; but in the different parks, from not having mingled
and crossed during many generations, they differ to a
uthin small extent.

We t doubt that th i number of varieties
B b by, suounting o st oast oo
hundred and fifty, is ly due to their remaining, dif-
ferently from other domesticated birds, paired for life 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, from the effects of the climate, a peculiar
character, but near the capital this change has been pre-
vented, owing, as ho asserts, to the native animal frequently
crossing with cats imported from Europe. In all cases like
the foregoing, the effects of an occasional cross will be aug-
mented by the increased vigour and fertility of the crossed
offispring, of which fact evidence will hereafter be given; for

! “Communicatons o the Board of - England” uaoa p- 200,

Agriculture,” vol. i. p. 3 von  Paraguay,’
* ¢Review of Relmml, "North of 1830, s
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this will lead to the mongrels increasing more rapidly than
the pure parent-breeds.

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 uniform, and can no longer be afiiliated to
their parent-races.* The character which a crossed body of
animals will ultimately assume must depend on soveral con-

—namely, on the relative membersofthe

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 sodner or
later become intimately blended, but not so soon, both broeds
being equally favoured in all respects, as might have been
expected. The following caloulation ® 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 indis-
criminately, are equally prolific, and that one in thirty
annually dies and is horn ; then “in 65 years the number of
« blacks, whites, and muiuttoes 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 colour,
“8.10ths of the whole number, In three centuries not
#1-100th part of the whites would exist.”

When one of two mingled races exceed 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 in the islands of the Pacific Ocean, and
the native races have been absorbed and lost in the course of
about fifty or sixty years ;7 but the imported races no doubt,
wero favoured. Rats may be considered as semi-domesticated
animals, Some snake-rats (Mus alewandrinus) escaped in the
Zoological Gardens of London, “and for a long time after-

* Rengger, *Siugethiere,’ &, s

? P28 fint called atteation
mm.m,m,...a.m,dm...d 3
‘Regular Gradation in 7 Rev. D. Tyerman and Be
llln, 3 ua. «Jourani of Voyagesy 16311839, vol.
Edwards, in his Ca- i, p. 300,
e Phynolo' des Races Hu-
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“ wards tho keopers frequently canght cross-bred rats, at
“ first half-breds, afterwards with less of the character of the
“ snake-rat, till at length all traces of it disappeared® On
the other hand, in some parts of London, especially near the
docks, where fresh rats are frequently imported, an endless
variety of intermediate forms may be found between the
brown, black, and snake rat, which are all three usually
ranked as distinet species.

How many generations are necessary for one species or race
to absorb another by repeated crosses has often been dis-
cussed ; * and the requisite number has probably been much
exaggerated. Some writers have maintained that a dozen
or score, or even more generations, are necessary ; but this in
itself is improbable, for in the tenth generation there would
be only 1-1024th part of foreign blood in the offspring.
Girtner found, " that with plants, one species could be made
to absorb another in 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 Mirabilis vulgaris, crossed during
eight successive genmhm by M. longiflora, as resembling
this latter species so closely, that the most serupulous
observer could detect  vix th\mm notabilem differentiam ”
or, as he says, he iam fere
Honom.” . But this expression :how. that the act of absorp-
tion 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 Giirtner and
Kilreuter are of far higher worth than those made without
scientific aim by breeders. The most precise account which
I have met with is given by Stonehenge,'? and is illustrated
by photographs. Mr. Hanley crossed a greyhound bitch with
abulldog ; the offspring in each succeeding generation being

with first-rate greyhounds. As Stonehenge remarks,

® Mr. 8. J. Salter, ‘Journal Linn.  crosses. Dr. P. Lucas, ‘LHérédité
62 Nat.,” tom. ii. p. 308.
10" ¢ Bastarderzeugung,” s. 463, 470.

8107, Bromn, ¢ Geschichte der No- 1t ‘Nova Acta Petrop, 1794, p.

tar, b. ii. s. 170, gives a table of the also previous volum

B beetioes of Hlaod aftes sacomsive ™ * The Dog, 1867, pp. 170180,
VOL. 1L F
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it might naturally be supposed that it would take several
crosses to got xid of the heavy form of the bulldog; but
Hysteries, the gr-gr-granddanghter of a bulldog, showed no
trace whatever of this breed in external form. She and all
of the same litter, however, were “ remarkably deficient in
« stoutness, though fast as well as clever.” T believe clever
refers to skill in turning. Hysterics was put to a son of
Bedlamite, “ but the result of the fifth cross is not as yet, T
“ believe, more satisfactory than that of the fourth.” On the
other hand; with sheep, Fleischmann 1 shows how persistent
the effeots of a single cross may be : he says * that the original
“ conrse sheep (of Germany) have 5500 fibres of wool on &
“ square inch; grades of the third or fourth Merino cross
“ produced about 8000, the twenticth cross 27,000, the per-
“ fect pure Merino blood 40,000 to 48,000.”  So that common
German sheep crossed twenty times successively with Merino
did not by any means acquire wool as fine as that of the pure
breed. But in all cases, the rate of absorption will depend
largely on the conditions of life being favourable to any
particular character; and we may suspect that there would
be a constant tendency to degeneration in the wool of Merinos
under the climate of Germany, unless provented, by careful
selection; and thus perhaps the foregoing remarkable case
may be explained. The rate of absorption mustalso depend
on the amount of distinguishable difference between the two
forms which are crossed, and especially, as Giirtner insists, on
prepotency of transmission in the one form over the other.
‘We have seen in the last chapter that one of two French
Dreeds of sheep yielded up its character, when crossed with
Merinos, very much more slowly than the other; and the
common German sheep referred to by Fleischmann may bein
this respect analogous. In all cases there will be more or less
liability to reversion during many subsequent generations,
and it is this fact which has probably led authfs 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

1 As quoted in the <True Princyles of Dreeding; by C. T Mackaight
and Dr. H. Madden, 1865, p.
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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 by the conditions, and this will modify the result.
Even with indigenous breeds, it will rarely or never occur
that both are equally well adapted to the surrounding cir-

more especially when itted to roam freely,
and not carefully tended, as is generally the case with breeds
allowed to cross. As a consequence 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 would require before such a erossed body
of animals would assume a uniform character within a limited
area, no one can say; that they would ultimately become
uniform from free intercrossing, and from the survival of the
fittest, we may feel assured ; but the characters thus acquired
would rarely or never, as may bo inforred from the previons

ions, be exactly iate between those 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 distinctions. The
formation of new varieties, independently of selection, would
also thus be prevented; except when the same variation
continually recurred from the action of some strongly pre-
disposing cause. We may therefore conclude that
crossing has in all cases played an important part in giving
uniformity of character to all the members of the same
domestic race and of the same natural species, though largely
governed by natural selection and by the direct action of the
surrounding conditions.

On the possibilily of all. organic beings occasionally intercrossing.
—But it may be asked, can free crossing occur with herma-
phrodite animals and plants? Al the higher animals, and
the few insects which have been domesticated, have separate

F2
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saxen, and must inevitably unite for each birth. With respect
the crossing of hermaphrodites, the subject is too large for
the present volume, but in the ¢ Origin of Species, I have
given a short abstract of the reasons which induce me to
beliove that all organic beings occasiomally cross, thongh
perhaps in some cases only at long intervals of timet I
will merely recall the fact that many plants, though herma-
phrodite in structure, are unisexual in function;—such as
those called by C. K. Sprengel dichogamous, in which the
pollen and stigma of the same flower are matured at different
periods ; or thoso called by me reciprocally dimorphic, in which
the flower's own pollen is not fitted to fertilise ifs own
mgnu or again, the many kinds in which curions mechani-
exist, ing self-fertilisation.
'mme are, however, many hermaphrodite plants which aro not
in any way specially constructed to favour intercrossing, but
which nevertheless commingle almost as freely as animals
with separated sexes. This is the case with cabbages,
radishes, and onions, as I know from having experimented on
them : even the peasants of Liguria say tht 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 continual and almost
regular crossing. So it is with numerous other plants.

On the other hand, some cultivated plants rarely or never
intercross, for instance, the common pea and sweet-pea
(Lathyrus odoratus); yot their flowers are certainly adapted
for cross fertilisation. The varieties of the tomato and
aubergine (Solanum) and tho pimenta (Pimenta vulgaris?)
are said® never to cross, even when growing alongside one
another. But it should be 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. With

14 With respect to plants, an admir-  appeared on the same subject, more
thle csay on this subject (Dje Gech- ~ especilly by Hermann Mller and

ter- ung Pilanzen:  Delpin

1867) has boen published by Dr. Hil- 1 *Teoria della Riprodusions Vege-
debrand, who arrives at the same  tal’ 1816, p. 12.

eneral ‘sonclusions 48 1 have done. i Verloh, ¢ Des Varlétés? 1865, p.

arious other treatises have since 72.
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respect to the common pea, I have ascerfained that i
rarely crossed in this country owing to premature fertilis-
ation. There exist, however, some plants which under their
natural conditions appear to be always self-fertilised, such as
the Bee Ophrys (Ophrys apifera) and a few other Orchids;
yet theso plants exhibit the plainest adaptations for cross-
fortilisation, Again, some few plants are believed to produce
only closed flowers, called cleistogene, which cannot possibly
be crossed. This was long thought to be the case with the
Leersia oryzoides,”” but this grass is now known occasionally
to produce perfect flowers, which set sced.

Although some plants, both indigenous and naturalised,
rarely or never produce flowers, or if they flower never
produce sceds, yet no one doubts that phanerogamic plants
are adapted to produce fowers, and the flowers to produce
seed. When they fail, we believe that such plants under
different conditions would perform their proper function, or
that they formerly did so, and will do so again. On analo-
gous grounds, T believe that the flowers in the above specified
anomalous cases which do not now intercross, either would
do 5o oceasionally under different conditions, or that they
formerly did so—the means for affecting this being generally
still retained—and will again intercross at some future
period, unless indeed they become extinct. On this view
alone, many points in the structure and action of the repro-
ductive organs in hermaphrodite plants and animals are in-
telligible,—for instance, the fact of the male and female organs
never being so completely enclosed as to render access from
without impossible. Hence we may conclude that the most
important of all the means for giving uniformity to the in
dividuals of the same species, namely, the capacity of oo-
casionally intercrossing, is present, or has been formerly
present, with all organic beings, except, perhaps, some of
the lowest.

On certain Characters not blmdmy —When two breeds are crossed
their characters usually become intimately fused (ugether but

B¥Duivall Jouve, “Bull, Se. Bok.  setting seod s00 Dr. Aschersonin *Bot,
do France; tom. x., 1863, p. 104, Zeitung,’ 1864, p. 350.
With espect o the perfect flowers
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some characters rofuse fo blend, and are transmitted in an un-
modified state either from both parents or from one, When grey
and white mice are paired, the young are piebald, or pure white or
grey, but not of an intermediate tint; so it is when white and
common collared turtle-doves are paired. In breeding Game fowls,
a great authority, Mr. J. Douglas, remarks, “T may here state 4
“ 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 fawn-coloured Angora
rabbits, and never once got these colours mingled in the samoe
animal, but often all four colours in the same litter* From cases like
these, in which the colours of the two parents are transmitted quite
separately to the offspring, we have all sorts of gradations, leading
to complete fusion. I will give an instance: a gentleman with a
fair complexion, light hair but dark eyes, married a lady with dark
B and ompléxion : their threo cbibiren bavo wery light hair, but
on careful search about a dozen black hairs were found scatteréd in
the midst of the light hair on the heads of all three,
en turnspit dogs and ancon sheep, both of which have dwarfed

Timbs, are crossed with common broeds, the offspring are not inter-
mediate in structure, but tako after cither parent, When failless or
‘Tornless animals are crossed with perfect animals, it frequently, but
Dby no means invariably, happens that the offspring are either
furnished with these organs in a perfect state, or are quite destitute
of them. According to Rengger, the haitless condition of the
Paraguay dog is either perfectly or not atall transmitted fo its
‘mongrel offspring; but T have seen one partial exception in a d
of this parentage which had part of its skin hairy, and part naked,
the parts being distinctly separated as in a piehald animal. When
Dorking fowls with five toes are crossed with other breeds, the
chickens often have five toes on one foot and four on t
Some crossed pigs raised by Sir R. Heron between the solid]
and eommon pig had not all four foet in an intermediate condition,
but two feet were furnished with properly divided, and two with
united hoofs.

Analogous facts have been observed with plants : Major Trevor

' Extract of a letter from Si; Tess condition of erossed South Ameri-
Heron, 1838, given me by Mr. Ya can dogs, see Rengger, * Siiugethiere
With respect fo mice, sce ¢ Annal. des  von Paraguay,’ s. 152 but I saw in
Sc. Nat.,” tom. i ; and Dhave  the Zoological Gardens mongrels,

similar cases, For  from a similar cross, which were

turtle-doves, Boitard and Corbié, ¢ Les  hairless, quite in
igeons,” &, p. 238, For the Game  patches, that is, picbald with hair,

fowl, #The Poultry Book,' 1806, p.  For crosses of Dorking and other
128, For crosses of tailless fowls, fowls, see ¢ Poultry Chronicle, vol. ii,
see_Bechstein, Naturges. Deutsch p. bout the crossed pigs, ex-
b. ii. 5. 403. Bronn, ‘Geschichte tract of letter from Sir R, Heron to
der Natur,” b. i, s. 170, gives analo-  Mr. Yarrell. For other cases, see b,
gous facts with horses.  On the hair-  Lucas, ¢ L'Hérdd. Nat.” tom. i p. 212,
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Clarko crossed the litle, glabrousleaved, ansual stodk (Mathisl),
with pollen of a large, red-flowered, rough-leaved, biennial
called cocardean by the French, and the esult wis that half the
seedlings had glabrous and the other half rough leaves, but none
had leaves in_an intermediate state. That the glabrous seedlings
were the product of the rough-leaved variety, and not accidentally
of the mother-plant’s own pollen, was shown by their tall and
Siong haiit of gowth I the mooesding ganerations Taised
from the rough-leaved crossed seedlings, somo glabrous plants
appaared, showing that the glabrous chafucter, though incapable
lending with and modifying the tough leaves, was all the time
Iatent in_this  family of plants. The numerous plants formerly
referred to, which I raised from reciprocal crosses between the
peltmo and common Antirrhinum, offer o nearly parallel case ; for
e st generation all tho plaits resembled the comion form,
A generation, out of one hundred and thirty-seven
plants, two alone were in an intermediate condition, the others
fectly_resembling either the peloric or common form. ajor
vor Olarko alo fertiised tho abovo mentioned red-flo
stock with pollen from the purple Queon stock, and. about half the
seedlings scarcely diflered 1o habit, and not a¢ il in the rod colour of
the flower, from the mother-plant, tho other half bearing blossoms
m‘: pm'pla, closely like those of the paternal plant. Giirtner

hite and yellow-flowered species and vmehes of
Vsrbucb:m -&:r oo)lﬁm were ne;ler lg;mded b“t'he t;:e off-
spring bore either pure white or pure yellow blossoms form
in ion® Dr. ﬁerben ‘ma
he me,ﬁvmﬂadilhtnmipscxmedbytwother
and these never produced flowers of an intermediate tint,
but like one of their parents. I fertilised the pluple sweet-
pea (Lathyrus odoratus), which has a dark reddish-p standard.

and yiols-coloured wings und kel with il i et
196, whidh ‘Hab o, pals cherey. coloured. standard, and

St S Sy e pod I twice
mised plants pertetly rmmb].\ng e et
resembling the father. So perfect was ﬂ.\e resemblance, that I

should luve thought there had been some mistake, if the plants
at first identical with the paternal variety, namely, the
punfed hdy, lmi not later in the season produced, as mentioned in
.lformer chapter, flowers blotched and streaked with dark purple.
B i s endoiidien rom thes posed
1mu and they continued to resemble the painted-lady, but
Suring later genorations became rather more blofched with purple,
et to plant, the purple
I» tlntruat. Hort, 4. B0k Cone | dlta tias frow ssalar cromes I the
gress of London,’ genus Verbascum. With respect to
" ‘Bu'-nd-rlnugung, & 007 the tumipe, aw Herbarts  Amarylll
B (D s o daes 1587, . 570
84, 39), however, obtained interme-
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sweet-pea. The followmg MMI! slightly different,’ but still shows the

rinciple ™ raised numes brids between
Wzgm and the purple L. purpurea, and during
successive generations the colours kept distinet in different
parts of the same flower.

From cases such as the fongobl m;i.;n which the offspring of dmﬁn”

tion perfectly resemble either parent, we come by a smal

S (b e Bt differently coloured flowers borne on
the same root resemble both parents, and by another step to_those
in which the same flower or fruit is striped or blotched with
the two_ parental colours, or bears a single stripe o S son b
other of one of the 1t-fc ‘With hybrids
and monmla it frequently or even generally happens that one part
of the body resembles more or less closely one parent and another
part e clber parent; and here again some resistence to fusion, or,
what comes to the same thing, some mubua] affinity between the
arglme atoms of the same nature, apparently comes into play, for

all pnrh of the body would be equally intermediate in

Bisseoe: in, when the nng of hybrids or mongrels,
which are themxe ves nearly inf te in character, revert either
wholly or by segments w their ancestors, the principle of the
affinity of similar, or the repulsion of dissimilar atoms, must come
into action. To this principle, which seems to be extremely general,
we shall recur in the chapter on pangenesis.

Tt is remarkable, as has been strongly insisted upon by Tsidore
Geoffroy St. Hilaire in regard to animals, that the transmission of
clmmcuam without fusion occurs very rarely when species are

; T know of one exception alone, namely, with the hybrids
mtu.mll roduced between the common and hooded crow (Corvus
corniz), which, however, are closely allied species,

dm‘mng in lwﬂung except colour. Nor have 1 met with any well-
ascertained cases of transmission of this kind, even when one form
is_strongly prepatnnt over another, when {wo races are crossed

‘which have been slowly formed by man’s selection, and therefore
resombla to s certain exient nafaral species. Such cases as puppies
in the same litter closely resembling two distinct breeds, are

mbn.bly due to mpﬂrfmmhm:,—ﬂmi is, to the influence of two

1l the characters above enumerated, which are trans-

xmmd in l perfect state to some of tlw offspring and not to others,

~—such as distinet colours, nakedness of skin, smoothness of leaves,

absence of horns or tail, additional toes, pelorism, dwarfed structure,

&e.,—have all been known w:ﬁw mddcnlym individual animals
and plants, me this fact,

'h distinguish de c_mes i species from one

may conclude that it is in some way connected with the sudden
appearance of the characters in question.

# ¢Nouvelles Archives du Muséum,’ tom. i. p. 100,
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On the Modification of old Races and the Formation of new
Races by Crossing.—We have hitherto chiefly considered the
effects of crossing in giving uniformity of character; wo
‘must now look to an opposite result. There can be no doubt
that crossing, with the aid of rigorous selection during
soveral generutions, has been a potent means in modifying
old races, and in forming new ones. Lord Orford crossed his
famous stud of greyhounds once with the bulldog, in order to
give them courage and perseverance. Certain pointers have
Teen crossed, as I hear from the Rev. W. D. Fox, with the
foxhound, to givo them dash and speed. Certain strains of
Dorking fowls have had a slight infusion of Game blood ;
and T have known a great fancier who on a single occasion
crossed his turbit-pigeons with barbs, for the sake of gaining
greater breadth of beak.

In the foregoing cases breeds have been crossed once, for
the sake of modifying some particular character; but with
most of the improved races of the pig, which now breed true,
there have been repeated crosses,—for instance, the improved
Essex owes its excellence to repeated crosses with the Neapo-
litan, together probably with some infusion of Chinese blood. **
8o with our British sheep : almost all the races, except the
Southdown, have been largely crossed; “this, in fact, has
been the history of our principal breeds”* To give an
exumple, the * Oxfordshire Downs” now rank as an estab-
ished breed.* They were produced about the year 1830 by
crossing * Hampshire and in some instances Southdown owes
with Cotswold rams:” now the Hampshire ram was itself
produced by repeated crosses between the native Hampshire
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 long-woolled
sheep. Mr. Spooner, after cousidering the various cases

2 Richardson, ¢ Pigs,’ 1847, pp. 37,

soo also an equally good
425 8. Silboy'soltion of ¢ Youatt on

Mr. Ch. Howard, in ¢ Gar-
the Pi!, msu“}; r's Chronicle,’ 1860, p. 320.
C. Spooner’s excal- % ‘(nrdenorachmmde, 1857, pp-
r{. wper on Cross-Breeding, ¢ Jour- 649, 65
oyal Agricult. Soc.,” vol.. xx.,
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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 ascertained. To give one instance: the King of Wurtem-
burg, after twenty-five years' carcful breeding, that is, after
six or seven generations, made a new breed of cattle from a
cross between a Dutch and a Swiss breed, combined with other
Dreeds.® The Sebright bantam, which breeds as true as any
other kind of fowl, was formed about sixty years ago by a
complicated cross.® Dark Brahmas, which are believed by
some fanciers to constitute a distinct species, were un-
doubtedly formed?” in the United States, within a recent
period, by a cross between Chittagongs and Cochins. With
plants there is little doubt that the Swede-turnip originated
from a cross; and the history of a variety of wheat, raised
from two very distinct varieties, and which after six years'
culture presented an even sample, has been recorded on good
authority.*

Until lately, cautious and experienced breeders, though
not averse to a single infusion of foreign blood, were al-
most universally convinced that the attempt to establish a
new race, intermediate between two widely distinct Taces,
was hopeless : “ they clung with superstitious tenacity to the
« doctrine of purity of blood, believing it to be the ark in
* which alone true sufet) conld be found.” 2 Nor was this

hen two distinet races are crossed,
the offspring of the first generamm are generally nearly uni-
form 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 diversified. As
cross-bred animals are generally of large size and vigorous,
they have been raised in great numbers for immediate con-
sumption. But for breeding they are found utterly useless;

3 ‘Dullsiplete it S T Bty Book) by W B
1862, t p. 463, Seo also for  Togatmeier, 1856, . b
othes) st T Mol ayot, ardener’s” Chronicle,” 1852,
¢ Du Bauf,’ 1860, p. . 765.

= ¢ Poultry Uhmnicle, vol. i, 2 Spooner, in ¢ Journal Royal Agri-

1854, p. 36.

cult, Soe.,” vol. xx., part ii.
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for though they may themselves be uniform in character,
they yield during many generations astonishingly diversified
offspring. The breeder is driven to despair, and concludes
that he will never form an intermediate race. But from the
cases already given, and from others which have been re-
corded, it appears that patience alone is necessary; as Mr.
Spooner remarks, “nature opposes mo 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 occasional 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.
Althongh the il and di

of cross-bred animals are generally Sabla v en axtrovs
degree, some curious exceptions to the rule have been observed
both with crossed races and species. Thus Boitard and
Corbié *! assert that from a Pouter and a Runt “a Cavalier
will appear, which we have classed amongst pigeons of pure
Tace, 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-varicties of the silver-grey rabbit ; although it sud-
denly assumed its present character, which differs much from
that of cither parent-breed, yet it has ever since been casily
and truly propagated. I crossed some Labrador and Penguin
ducks, and recrossed the mongrels with Penguins ; afterwards
most of the ducks reared during throe generations were nearly
uniform in character, being brown with a white crescentic
mark on the lower part of the breast, and with some white
spots at the base of the beak; so that by the aid of a little
selection a new breed might easily have been formed. With

» S Colias <Tritg do Phys,  wel trsted,
. Comp. des Animaux Domestiqués,’ Les Pigeons,” p. 87.
tom. ii. p. 586, where this subjectis Vet i, 1854, p. 101,
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regard to crossed varieties of plants, Mr. Beaton remarks 3
that  Melville’s extraordinary cross between the Scotch kale
and an early cabbage is as true and genuine asany on record ;”
but in this case no doubt selection was practised. Giirtner 3
has given five cases 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 first chapter, that the several kinds
of dogs are almost certainly descended from more than one
species, and 5o it is with cattle, pigs and some other domesti-
cated animals, 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 observa-
tions there can be little doubt that this occurred with cattle ;
but in most cases one form will probably have absorbed and
obliterated the other, for it is not likely that semi-civilized
men would havo taken the necessiry pains to modify by
selection their ingled, crossed, and 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 in-
directly aided in the formation of primeval domesticated
breeds. Within recent times, as far as animals are concerned,
the crossing of distinet species has done little or nothing to-
wards the formation or modification of our races. It isnot yet
known whether the several species of silk-moth which have
been recently crossed in France will yield permanent races.
‘With plants which can be multiplied by buds and cuttings,
hybridisation has done wondnxi, as with many kinds of Roses,
Rhodod Calceolarias, and Petunias.
Nearly all these plms can be propagated by seed, most of
them freely; but extremely few or none come true by seed.

Some authors believe that crossing is the chief causo of
variability,—that is, of the appearance of absolutely new

 <Cottage Gardener, 1836, p. 3¢ ‘Bastarderzegung,’s. 553.
o g P gul

A3

© The Complete Work of Charles Darwin Online



Crar. XV.  OF THE MODIFICATION OF RACES, kg

characters. Some have gone so far as to look at it as the
sole cause; but this conclusion is disproved by the facts
given in the chapter on Bud-variation. The belief that
characters not present in either parent or in their ancestors
froquently originate from crossing is doubtful; that they
occasionally do so is probable ; but this subject will be more
conveniently discussed in a future chapter on the causes of
Variability.

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

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

DIFFICULTIES IN JUDGING OF THE FERTILITY OF VARIETIES WHEN CROSSED
—VARIOUS CAUSES WHICH KEEP VARIETIES DISTINCT, AS THE PERIOD
OF BREEDING AND SEXUAL PREFERENCE—VARIETIES OF WHEAT SAID TO
BE STERILE WHEN CROSSED—VARIETIES OF MAIZE, VERBASCUM, HOLLY-
HOCK, GOURDS, MELONS, AND TOBACCO, RENDERED IN SOME DEGREE
MUTUALLY STERILE—DOMESTICATION ELIMINATES THE TENDENCY TO
STERILITY NATURAL TO SPECIES WHEN CROSSED—ON THE INCREASED
FERTILITY OF UNCROSSED ANIMALS AND PLANTS FROM DOMESTICATION
AND CULTIVATION.

Tae domesticated races of both animals and plants, when
crossed, are, with extremely few exceptions, quite prolifi,—in
some cases even more so than the purely-bred parent-races.
The offspring, also, raised from such crosses are likewise, as
wo shall see in the following chapter, generally more vigorous
and fertile than their parents. On the other hand, species
when crossed, and their hybrid offspring, are almost invariably
in some degree sterilo; and here there seems to exist a broad
and insuperable distinction between races and species. The
importance of this subject as bearing on the origin of species
is obvious ; and we shall hereafter recnr to it.

It is unfortunate how féw 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 in-
fertility 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 had existed, would from
being injurious almost certainly have been observed. In
1859, p. 385,

+ ¢ Journal de Physiolog,” tom.
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investigating the fertility of crossed varieties many sources of
doubt occur. Whenever the least trace of sterility between
two plants, however closely allied, was observed by Kolreuter,
and more especially by Giirtner, who counted the exact num-
ber of seed in each capsule, the two forms were at once ranked
as distinct 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
number of young, and whether the latter are perfectly fertile
inter se; but, supposing 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 fo 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 mlmﬂroonnecfed with its crossed. origin, for it may
with more pi ib either to 1
close mmlmedmg. or w 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 varieties 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 he can keep Bantams with the larger breeds without
much danger of their crossing, but not with the smaller
Dbreeds, such as Games, Hamburgs, &e. With plants a
difference in the period of flowering serves to keep varieties
distinct, as with the various kinds of maize and wheat : thus
Colonel Le Couteur® remarks, “the Talavera wheat, from
flowering much earlier than any other kind, is sure to

* Dec. 1863, p. 484. 3 On “The Varicties of Wheat,’ p. 66.
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continue pure.” In different parts of the Falkland Islands
the cattle are breaking up into herds of different colours;
and those on the higher gronnd, which are generally white,
usnally breed, as 1 am informed by Sir J. Sulivan, three
months carlier than those on the lowland ; and this would
‘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
towards that instinctive feeling which helps to keep closely
allied species in a state of nature distinct. We have now
abundant evidence that, if it were not for this feeling, many
more hybrids would be naturally produced than in this 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 receivo 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 mative 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 likewise prefer associating together. In Circassia
six sub-races of the horse have received distinct names; and
a native proprietor of rank® asserts that horses of three of
these Taces, whilst living a free life, almost always refuse to
mingle and cross, and will even attack one another.

1t has been observed, in a district stocked with heavy
Lincolnshire and light Norfolk sheep, that both kinds, though
Dbred 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, “tho two breeds keep themselves as

¢ Rengger, ‘Siugethiere von Para-  and De Quatrefages, in ¢ Bull. Soc.

gnny, 5. 536, Acclimat,,’ tom. viii,, July, 1861,
"Sce  memoir by MM. Lherbette . 312,
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distinet as rooks and pigeons.” In this case different habits
of life tend to keep the races distinct. On one of the Faroe
islands, not more than half a mile in diameter, the half-wild
native black sheep are said not 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 themselves from the
rest of the flock, when put into enclosures with other sheep."®
With respect to fallow-deer, which live in a semi-domesti-
cated condition, 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 described 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 endea-
voured to make them breed with various tame kinds; but
whether this refusal to breed was due to any change in the
instinet, or simply to their extreme wildness, or whether
confinement had rendered them sterile, as often occurs, cannot
be determined.

Whilst matching for the sake of experiment many of the
most distinct breeds of pigeons, it frequently appeared to
me that the birds, though faithful to their marriage vow,
rotained some desire after their own kind. Accordingly I
asked Mr. Wicking, who has kept a larger stock of various
Dreeds together than any man in England, whether he thought
that they would prefer pairing with their own kind, suppos-
ing that there were males and females enough of each; and
he without hesitation answered that he was convinced that

* For the Norfolk sheep, sec * White's ¢ Nat. Hist. of Selbourne,’
shall’s *Rural Economy of I\orfulk' Vi
ol ii. p. 136. Se¢ Rev. L. Landt’s o
*Desceipifon of Faroe; p. 66. For deer, e ¢ Some Account of English
the ancon sheep, see * Phil. Transact.,” Dot Povks? Uy . . Shirley, Eag,
1815, . 90.
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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 certainly sprung from a
common progenitor. The Rev. W. D. Fox informs me that
his flocks of white and common Chinese geese kept distinct.

These facts and statements, though some of them are
incapable of proof, resting only on the opinion of experienced
observers, show that some domestic races are led by different
habits of life to keep to a certain extent separate, and that
others prefer conpling 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 domestic races, T
know of no well-uscertained case with mpls. This f;ce scibg
the gmc difference in structure between sor igeons,
fowls, pigs, dogs, &c., is extraordinary, in wntmt with the stenllty
of mmy cloeely ‘allied natural species when crossed; but we shall
hereafter attempt to show that 1t is not so extraos rdlmrylu it at
first appears. And it may be well here to recall to mind that the
amount of external difference between two species is not a safe guide
for predicting whether or not they will breed together,—some
closely allied species when crossed being utterly sterile, and others
which are extremely unlike being moderately fertile. I have said
that no food of sl/arlht.y in Taces rests on satisfactory evi-
dence;; but here is one which at ey trustworthy, Mr.
Youatt? and a better authority cannot be quoted, states, that
formerly in Lancashire crosses were frequently made between
longhorn and shorthorn cattle; the first cross was excellent, but
the produce was uncertain; in the third or fourth genemtlon the
cows were bad milkers; “in addition to which, there was much
uncertainty whether the cows would conceive ; and full one-third
of the cows among some of these half-breds failed to be in cnll“
This at first seems a good case buz Mr. W'Ik.mson states ® that
breed derived from th actually established m

snother part of England; and if it had failed in frtility the fact

would surely have been noticed. Morcover, supposing that Mr.

Youatt had proved his case, it might be argued that tha sterility

was who!]{ dne to the two parent-breeds being descended from
inet

primordal
R et ‘lants Girtner states that ho ferilised numen
oatls (and subsequently nine others) on a dwarf maize

* “The Derscuts bytheRev. B8, * *Cattle p. 202,

Dixon, p. 155; Bechstein, *Natur- % Mr. J." Wilkinson, iv ¢ Remarks

guch. Deatschlands,” Band iv.. 1795, ddresd to Sir J Sbright,” 1820,
P8

© The Complete Work of Charles Darwin Online



Cnar. XVL THE CROSSING OF VARIETIES, 83

Tlow seed ™ with pollen of a tall maize having red seed; and one
fe wioms produced good seed, but only five in number. ~ Though
these plants are monaeious, and therefore do not require castration,
yet Ishould have snspected me aceident in the manipulation, had
not Giirtner expressly stated that he had during many years grown
these two varictics together, and they did not spontancously cross:

, considering that the plans are moncecious and abound

with polien, and are well known generally to cross freely, seems
explicable only on the belief that these two varieties are in some
mutuallyfertile, Tho hybrid plants raised rom the atove

re intermediate in structure, extremely variable, and
ferhle.“ In like manner Prof. Hildebrand ® could not
in fertilising the female flowers of a plant bearing brown
grains with pollen from a_certain kind bearing yellow grains
although other flowers on the ot plant, which were fertilised
with their own pollen, yielded good seed. No one, I beliove, even
-n-pem that these varieties of maize are distinet species; but had
the hybrids been in the least sterile, no doubt Girtner ‘would at

e 50 classed them. Imay here remark, that with undoubted
there is not necessarily any close Telation between the
of a first cross and ﬂnt of the hybrid offspring. Some
with facility, but produce utterly sterile

; others can be crossed wihaxhemednﬁcnlty but the
are fertile, I am not aware,

however, of mmmwu like this of the maize, namely, of a
b rfeetly fortile hybrids.*

The following case is m more remar] ible, and evidently per-
Giirtner, whose strong wish it was to draw a broad line of
between G, Ta genus Verbaseum,

years, a vast number of experiments, and

lossm and counted their seeds. Many
i 2 white and yellow varicties
T s A other species and
the white and yellow flowered \mm: of these
are xe.u,y uu 0 ‘one has doubted ; and Girtner
raised in the botl species one varicty from the seed of
odnr Nowmcvoolhuvnr)m he distinctly asserts that crosses
miluly-eolomed flowers yield more seed than between

it the yellow-flowered variety of either
(and oonvenely with the white-flowered varicty), when
crossed with pollen of its own kind, yields more seed than when

i&gﬁ

§e
£

* *g%fféz
%

i

1 ¢ Bestardorzengeag’ . 87, 160, varictes of wheat became steril
See also the Table at the end of
volume.

i
13 ¢Bot, Zeitung,’ 1868, p.
14 Mr. Shirrefl formerly thought
Gard. Chron,,” 1858, p. 771) that the
offspring from & cross between certain

87, 577.
7,

der Befruc hh\ng
lxmanumugun 81

=

© The Complete Work of Charles Darwin Online



84 CAUSES WHICH CHECK Cuar. XVL

crossed with that of the white variety; and so it is when differantly
coloured species are crossed. The general results may be seen in the
Tuble at the end of his volume. In one instance he gives the
following details; but I must premise that Girtner, to avoid ex-
aggerating the degme of  sterility in his crosses, always compares the
mazimum number obtained from a cross with the average num)
naturally given by the pure mother-plant. The white variety of
V. lychnitis, naturally fertilised by its own pollen, gave frum an
avenige of twelve upsules ninety-six good seeds in each; whilst
twenty flowers fertilised with pollen from the yellow variety or uus
same species, gave as the mazimum only eighty-nine sce
that we have the proportion of 1000 to 908, aocording fo Girtner's
usual scale. Ishould have thought it possible that so small a difference
in femllty might have been accounted for by the evil effects of the
castration ; but Giirtner shows that the white variety of V.
I chmtu when fertilised first by the white variety of V. blattaria,and
then by the yellow variety of this speclos, y:elde:f md in the propor-
tion of 622 to 438; and in both these ‘was performed.
Now the sterility which results from the cmsamg of the differently
coloured varieties of the same species, is fully
oceurs in many cases when distinct species are crossed. Unform-
nately Girtner compared the results of the first unions alone, and
not the sterility of the two sets of hybrxds produced from the white
variety of V. lychnitis when fertilised by the white and yellow
vmnehxeﬂ of V. bluttrn‘m, for it is probable that they would have
differed in this respect.
Mr J. Scott has given me the results of a series of experiments on
erbascum, made by him in the Botanic Gardens of Edinburgh.”" He
repeatul some of Girtner’s experiments on distinct species, but
obtained only fluctuating results, some confirmatory, the greater
number contradictory ; nevertheless these seem hardly sufficient to
overthrow the conclusion arrived at by Girtner from experiments
tried on a larger scale. Mr. Scott also experimented on the relative
fertility of unions between similarly and dissimilarly-coloured
varieties of the same species, Thus he fertilised six flowers of the
)e!lnw variety of V. lychnitis by its own pollen, and obtained six
les; and calling, for the sake of comparison, the average
B oo o cach of th G Cotinie e Irnndred, he fand
t this same yellow variety, when fertilised by the white variety,
yielded from seven capsules an average of ninety-four seed. On the
same principle, the white variety of V. lychnitis by its own pollen
( six capsules), and by the pollen of the yellow variety (eight
u.pmm), yielded seed in the proportion of 100 to 82. The yellow
variety of V. thapsus by its own pollen (eight capsules), and by
that of the white variety (only two capsules), yielded seed in the
proportion of 100 to 94. Lastly, the white variety of V. blattaria

. ‘Bﬂstlninnenglmg, published in ¢ Journ, Asiatic Soc. of
e et Y Bengal, 1867, p. 145

© The Complete Work of Charles Darwin Online



Crar. XVL THE CROSSING OF VARIETIES. 85
Dy its own pollen (eight eapsules), and by that of the yellow variety
(five capsules), yielded seed in the proportion of 100 to 79. So that
in every e unions of similarly-coloured varieties of the same
species were more fertile than the unions of dissimilarly-coloured
varieties ; when all the ey grouped together, the dnﬂmnce of
ﬁaﬂlll is as 100 Some additional trials were made,
r (hmy-su slmllnxly ~coloured unions yielded thirty- ﬁve
pﬁn]e‘a ; Whilst thirty-five dissimilarly-colotired unions yielded
only twenty- esides the foregoing experiments,
the pn.rple B W\ ket Iy ross coloused and avhite
variety of the same species; these two varieties were also crossed
these several unions yielded less seed than V. pha-
micewn by its own pollen. Hence it follows from Mr. Scott's experi-
‘ments, that i in the genus Verbaseum the similarly and dissimilarly-
coloured varicties of the same species behave, When crossed, like
ulosl]; ll.lmd bnt distinet species.*
This remarkable fact of the sexual affinity of similarly-coloured
varieties, as obser Giirtner and Mr. Scott, may not be

M The following facts, given by
Kolreaterin his * Dritte an.‘(euung,y'
558480, s preeew rs gkt atsongly
to confirm Mr. Scott’s and Giirtner's
stat its 3 and to a utr!.lin limited
extent lhydm». Kolrenter assert

numerable observations, that

t he found that the
white and yellow varieties of Verbas-
cum lychnitis often grew wild mingled

numbers during four

and they kept true by seed;
_but when he them, they pro-
duced flowers of an interm

ave
strunger elective affinity for the pollen

.nms{mmiheix kind; and seven produced forty-
nine plants, half of which were true and half false. - Mr. Masters of

of their own variety than for that of
the other; this elective affinity, |
may add of each species for its own
Sollen (ibireuter, “Dritto Forts! »
39, and Giirtner, * Bustarderz., passim)
being a_perfectly well-ascertained

power. But the force of the fore-
going facts is much lessened by
Giirtner’s numerous experiments, for,

differently from Kolreuter, he never
Shen Pk CRmtarders, & 907) o
intermediate tint o cromed the
yellow and white flowered va
U Verbascum. So et the ot of
the white and yellow varioties keep-
ing true to their colour by seed does
not prove that they were not mutual-
ly frtlsed by the pollen crried by
insects from one to the othe

7, p. 966
Giirtner has made a similar observa-
tion,
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Cnnmrh\\u has given me a more striking case; he saved seed from
t bed of twenty-four named varieti pla.uted in closely ad<
wmmg rows, and each variety reproduced itself trnly with only
sometimes a shade of difference in tint. Now in the hollyhock the
pollen, which is abundant, is matured and nearly all shed bufom
the stigma of the same flower is ready to receive it;®
covered with pollen incessantly fly from plant to plnn'. it wonld
t adjoining varieties could not escape being crossed. As,
Towever, this does not oceur, it appeared to me probable that the
pollen of each variety was prepotent on its own stigma over th t of
all other varieties, but I have no evidence on_this point. Mr. C.
Tumer of Slough, well known for his success in the cultivation of
this plant, informs me that it is the doubleness of the flowers which
gmvenn thebeennmmg access to the pollen and stigma; and he
inds that it is difficalt even to cross them artificially. Whether
this explanation will runy it foe mactelioe in close proximity
propagating themselves s0 truly by sced, I do not know.
he following cases are worth giving, as they relate to moncecious
forms, which do not require, and consequently cannot have been
injured by, castration. Girou de Buzareingues crossed what he
Tee varieties of gourd,” and asserts that their mutual
fertilisation is less easy in proportion to the difference which they
present. 1 am aware how imperfectly the forms in this gronp were
until recently known; but Sageret, who ranked them according to
their mutual fulhllty. considers the three forms above alluded to as
varieties, as does a far higher authority, namely, M. Nandin*
Sageret * has observed that certain melons have a greater tendency,
whatever the canse may be, to keep true than others: and M. Naudin,
who has had such immense experience in this group, informs me
that he believes that certain varieties intercross more readily than
others of the same species; but he has not proved the truth of this
conclusion ; the frequent abortion of the pollen near Paris being
one great difficulty. Nevertheless, he has grown close together,
during seven years, certain forms of Citrullus, which, as_they
could be artificially crossed with. perfect facility and produced
fmne Dﬁ'xprm;:, are ranked as varieties; but these forms when not
ially crossed kept true. Many other varieties, on the other
md Rt sime group cross with such facility, as M. Naudin
Tepeatedly insists, that without being grown far apart they cannot
be kept in the Teast true.
Another caso, thongh somewhat different, may be hero given, as

1 Kalrontar it oberved this ﬁm ¢ Meémoire sur les Cucurbitacen,’
M, de IAu e St. Pet. xu,. Dp. 46, 55.

Sre # ¢ Aunales des Se. N 4th
Spreng!l, Duh:udn\(te(nhmmnlss, series, tom. vi. M. Naudin considers
these forms as un.loul.wly Varieties
£ \..mly, Basbarines, Pas of Cucrit
Giraumous: ¢ Annal. des S, . Cieurbtp. 6
tom, xxx., 1833, pp. 398 and 405,
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it is highly remarkable, and is established on excellent evidence.
Slreuter minutely describes five varieties of the common tobacco,”
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 really varieties ; and no one, as far as I can
ver, seems fo have doubted that such is the case. Ho also
crossed reciprocally these five varieties with . glutinos, and they
yielded very sterile hybrids; but those raised from the var. perennis,
Thethier nied ss the Jathes of mother plant, were not so sterile as
the hybrids from the four other varicties® So that the sexual
capacity of this one variety has certainly been in some degree
ied, 50 as to approach in nature that of N. glutinosa.”

These facts with respect to plants show that in some few
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
presently see that the sexual functions of most animals and
plants are eminently lable to be affected by the conditions
of life to which they are exposed; and hereafter we shall

o B n.mly,
Nicotiana ;@
bt (3), bronsyloanio : (4) 5 sub-
var. of the lust; (3) major latifol. .

* Kolreuter was so much struck

of his experiment s
dentally got ingled with shat of
oo p.m.n, and_thus aided its for-
But we now know
ot vely from Girtaer (*Bestar-
durr © 4, 43) that m pollen of
two species never acts conjointly on a
Skird pecios st o wil the pollen
of a distinct’ species, mingled with a
plane’s own pollen, if the latter be
present in sufficient quantity, have
any et Th ol ot nfminglmg
two kinds of pol
B i e v el
plants, some taking after the one and
some after the other parent.

# Mr. Scott has m: obser-
vations on the absolute sterility of a
purple and white primrose (Prinula
oulgaris), when fertilised by pollen
from the common primrose (* Journal

of Proc. of Linn. Soc.,” vol. vii., 1864,
B 1631 bk Ghase choneentions maquirs

seed kindly ¥

Sootty and, though they wero all in
some degree sterile, they were much
more fertile with pollen taken from

the common primrose than with their
own pollen. Mr. Scott has likewise
deseribed a red equal-styled cowslip
P, veris, ibid. p. 106),” which was
found by him to be highly sterile
Ih!l! crnn«l with the common cow-
not the case with
led red seedlings
raised by me from his plant. This
yariey of the cowslip presnts the
remarkable peculiarity of combining
male organs in every respect like
those of the short-styled form, with
female organs resembling in function
and partly in structure those of the
long-styled form; so that we have
the singular anomaly of the two
forms combined in the same flower.
Hence it is not surprising that these
flowers should be spontaneously self-
fertile in a high degree.
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briefly discuss the conjoint bearing of this fact, and others,
on the difference in fertility between crossed varieties and
crossed species.

Domestication eliminates the tendency to Sterilily which is general
with Species when cr

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 anciently domesticated varieties, when crossed with a
distinet specics, with that of the wild parent species when
similarly crossed. No one has compared, for instance, the
fertility of Gallus bankiva and of the domesticated fowl, when
crossed with a distinet species of Gallus or Phasianus; and
the experiment would in all cases be surrounded by many
difficulties. 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 thun at
the present day ; but whether this statement may be trusted
I know not. - A much more important, though somewhat dif-
ferent, case is given by M. Groenland,* namely, that plants,
known from their intermediate character and sterility to
be hybrids between ZEgilops and wheat, have perpetuated
themselves under culture since 1857, with a rapid but varying
increase of fertility in each generation. 1In the fourth generation
the plants, still retaining their intermediate character, had
become as fertile as common cultivated wheat.

The indirect evidence in favour of the Pallasian doctrine
appears to me to be extremely strong. In the earlier chapters
I have shown that our various breeds of the dog are descended
from several wild species; and this probably is the case with
sheep. There can be no doubt that the Zebu or humped
Indian ox belongs to a distinct species from European cattle :
the latter, moreover, are descended from two forms, which
may be called either species or Taces. We have good evidence

™ ot Aol St Petemburg! (1t serien) p 6L,

1780, part ii. pp. 84, 1 # ¢ Ball. Bot. So
e e . Nat o, xxi,  27th, 1861, to

oc. de France,’ Dec,
. 612,
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that our domesticated pigs belong to at least two specific
types, 8. serofu and indicus. Now a widely extended analogy
leads to the belief that if theso several allied specics, when
first reclaimed, had been crossed, they would have exhibited,
both in their first unions and in their hybrid offspring, some
degreo of sterility. 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
crossed in their aboriginal state.

On increased Fertility from Domestication and Cultivation.

Tncreased fertility from domestication, without any refer-
ence to crossing, may be here briefly considered. This subject
bears indirectly on two or three points connected with the
modification of organic beings. As Buffon long ago re-
marked,” 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 earlier age. The
case would hardly have deserved further mnotice, 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
been long habituated to a regular and copious supply of food,
without the labour of searching for it, are more fertile than
the corresponding wild animals. It is notorious how fre-
quently cats and dogs breed, and how many young they
produce at a birth. The wild rabbit is said generally to

1 Quoted by Isid. Geoffroy St. the present subject has appeared in
Hilaire, Hist. Naturelle Générale)  Mr. Herbert Spencer’s * Principles of

tom. iil. p. 476. Since this MS. has  Biology,’ vol. ii, 1867, p. 457 et seq.
been sent to press a full discussion on
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breed four times yearly, and to produce each time at most
six young; the tame rabbit breeds six or seven times yearly,
producing each time from four to eloven young; and
Mr. Harrison Weir tells me of a case of cighteen young
having been produced at a birth, all of which survived.
The ferret, though generally so closely confined, is more
prolific than its supposed wild prototype. The wild sow is
remarkably prolific; she often breeds twice in the year, and
bears from four to cight and sometimes even twelve young 3
but the domestic sow regularly breeds twice a year, and would
breed oftener if permitted ; and a sow that produces less than
cight at a birth  is worth little, and the sooner she is fattened
. for the butcher the better.” The amount of food affects the
fertility of the same individual: thus sheep, which on moun-
taius never produce more than one lamb at a birth, when
brought down to lowland pastures frequently bear twins,
This difference apparently is not due to the cold of the higher
land, for sheep and other domestic animals are said to be ex-
tremely prolific in Lapland. Hard living, also, retards the
period at which animals conceive ; for it has heen found dis-
advantageous in the northern islands of Scotland to allow
cows to bear calves before they are four years old.®

Birds offer still better evidence of increased fertility from domesti-
cation : the hen of the wild Gallus bankiva lays from six to ten
eggs, a number which would be thought nothing of with f.he
doméstic hen. The wild duck lays from five to fen eggs; the tame
one in the course of the year from eighty to one hundred. The wild

grey-lag goose lays from five o eight eggs; the tame from lhxneen
1o cighteen, and she lays a second time; as Mr, Dixon m ;
“ high-feeding, eare, and moderate warmth induce a habit of pm]j-
ficacy which becomes in some measure hereditary.” Whether the
semi-domesticated dovecot pigeon is more fertile than the wild
Trock-pigeon, C.livia, T know not; but the more thoroughly domesti-

= For cats and dogs, &., sec Bel- w|lds«mloeBechslzm:‘Nalur he
lingeri, in *Annal. des Sc. hlL, 2ad  Deutschlands,’ B. i., 1801, 5. 534 ; for
series, Zoolog.. tom. xii. p. 155. For  the domestic pig, Sidney’s edit. of
fotrets, Bockisin, { Nitargachichie:  Yooatt m the Plg, 1880,p. 82, With

Deutschlands,” Band i., 1801, 5. Tesy cerbi’s
795, For rabbits, ditto, s. 1123, nax~ el o, 418 Hoths Cape; Eag,
1ad Brona's ¢ Geschichte der I\ntur, translat., About the

vol.
lehlmd cows, see Hogg on Sheep,

B. i, o
ditto, 5. lﬂ’ For the fertility n(thc
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cated breeds are nearly twico as fertile as dovecots: the latter,
however, when caged and highly fed, become equally fertile with
house pigeons. 1 hear from Judge Caton that the wild turkey in
the United States does not breed when a year old, as the domesti-
cated turkeys thero invariably do. T pealien aione of domesti-
birds s rather more fertile, according to some accounts, when

il in its pative Tndian home, than in Buropo whon exposed to our
much colder limate.®

With respect o plants, 10 one would expect wheat to tller more,
and each ear fo produce more grain, in poor than in rich soil ;
get in poor soil a heavy crop of peas or beans. Seeds vary so ) mnch
in number that it is difficult to estimate them; but on comparin
beds of carrots in & nursery garden with wild plants, the 5
scemed o produce about twice as nuch seed.  Cultivaied cabbages
yielded thrice as many pods by measure as wild cabbages fro
Tocks of South Wales, Tho excess of barties produced by the oult

vated as s with £ i piAnE in etiorrous,
o doubt many highly cuitivated plants, eneh a5 pears, pineapples,
Imnanas, sugar-canc, ., are nearly or quite sterile} und 1 am
inclined to attribute this sterility to excess of food and to other
unnatural conditions; but to this subject I shall recur.

Tn some cases, as with the pig, rabbit, &c., and with those
plants which are valued for their sced, the direct selection of
the more fertilo individuals has probably much increased

“ their fertility; and in all cases this may have occurred in-

divectly, from the better chance of some of the numerous
offspring from the more fortile individuals having been pre-
served. But with cats, ferrets. and dogs, and with plants
like carrots, cabbages, and asparagus, which are not valued
for their prolificacy, selection can have played only a sub-
ordinate part; and theirincreased fertility must be attributed
to the more favourable conditions of life nnder which they
have long existed.

8 For the eggs of Gallus hankiwa,  Pigeons,’ p. 158, With respect to
(] Bisth in * Anmals and Mg, of  pecocks sceorling 10, Tenminck
t. Hist.’ 20d_ series, vol. (‘Hist. Nat. Gén. des Pigeons,’ &
n‘:.ss For 1818, tom. il. p. u)v e b Tt e

gillivray,

n ‘many as twenty eggs;
P 873 and * Dio Enten, . but ancending o Jocion ad anohbey
wild geese, L. Lloyd, * Scand i

an
Adventures,’ vol. ii. 1854, P. 413;
tame . ¢ Ornamental

39,

in the ‘Pouluv Book, to lny five or
six, but another writer says from
s 463 and Boitard and Corbié, ‘Los  eight to twelve eggs.
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CHAPTER XVIL

ON THE GOOD EFFECTS OF CROSSING, AND ON THE EVIL EFFECTS
OF CLOSE INTERBREEDING,

DEFINITION OF CLOSE INTEREREEDING—AUGMENTATION OF MORBID TEN-
DENCIFS—GENERAL EVIDENCE OF THE GOOD EFFECTS DERIVED FROM
N mmen mox ciote Dermston—

¥ INTERDRED; WALF-WILD CATTLE LONG KEPT IN THE

SR FARKR—mnar_yssion-oRn DOGS, BAIIITS, FIGS—MAN, ORIGIN
OF INCESTUOUS

BEES—VLANTS, GENERAL CONSIDERATIONS ON THE BENEFITS DERIVED FROM

[RR N ow runemam, Fus chacis, wmkis, A% sopmer:

TREES—ON THE INCREASED SIZE OF HYBRID PLANTS, NOT E:

X LA whio Mermks mon

MALLY OR ABNORMALLY ARE SELF-IMFOTENT, BUT ARE FERTILE, BOTH

ON THE MALE AND FENALE SIDE, WHEN CHOSSED WITH DISTINCT INDI-

VIDUALS EITHER OF THE SAME OR ANOTHER SPECIES—CONOLUSION.

T gain in constitutional vigour, derived from an oceasional
cross between individuals of the same varicty, but belonging
to distinct families, or between distinet varieties, has not
been so largely or so frequently discussed, as have the evil
effects of too close interbreeding. But the former point is
the more important of the two, inasmuch 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 different 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 indisputable, and often outweighs
the evil of a slight loss of constitutional vigour. In relation
to the subject of domestication, the whole question is of some
importance, as too close interbreeding interferes with the
improvement of old races. It is important as indirectly
bearing on Hybridism ; and possibly on the extinction of
species, when any form has become so rare that only a few
individuals remain within a confined area. It bears in an
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important manner on the influence of freo intercrossing, in
obliterating individual differences, and thus giving uniformity
of character to the individuals of the same race or species ; for
if additional vigour and fertility be thus gained, the crossed
offipring will multiply and prevail, and the ultimate result
will be far greater than otherwise would have occurred. Lastly,
the question is of high interest, as bearing on mankind. I shall
therefore discuss this subject at full length. As the facts which
prove the evil effects of closo interbreeding are more copious,
though less decisive, than those on the good effects of crossing,
1 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 easy in regard to “ breeding in and
in” or “too close interbreeding,” because, as we shall sce,
different species of animals are differently affected by the
same degree of interbreeding. The pairing of a fathor 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
much 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 consequences of close
interbreeding carried on for too long a time, are, as is generally
Telieved, loss of size, constitutional vigour, and fertility,
sometimes accompanied by a tendency to malformation.
Manifest evil does not usually follow from pairing the nearest
relations for two, three, or even four generations; but several
causes interfere with our detecting the evil—such as the
deterioration being very gradual, and the difficulty of dis-
tinguishing between such direct evil and the inevitable
ion of any morbid tendencies which may be latent
or apparent in the related parents. On the other hand, the
benefit from a cross, oven when there has not been any very
elose interbreeding, is almost invariably at once conspicuous.
There is good reason to believe, and this was the opinion of
that most experienced observer Sir J, Sebright,! that the evil

1 “The Art of Improving the Breed, &.,” 1809, p. 16.
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effects of close interbreeding may be checked or quite pre-
vented by the related individuals being separated for a few
generations and exposed to different conditions of life. This
conclusion is now held by many breeders; for instance Mr.
Carr? remarks, it is a well-known * fact that a change of soil
and climate effects perhaps almost as great a change in the
constitution as would result from an infusion of fresh blood.”
T hope to show in a fature work that consanguinity by itsclf
counts for nothing, but lely from related ne-
xally having a similar constitution, and having been exposed
in most cases to similar conditions.

That any evil directly follows from the closest interbreeding
has been denied by many persons ; but rarely by any practical
breeder ; and never, as far as I know, by one who has largely
brod animals which propagate their kind quickly. Many

ists attribute the evil th i
and consequent inerease of morbid tendencies common to both
parents; and that this is an active source of mischief there
can be no doubt. Tt is unfortunately too notorious that men
and various domestic animals endowed with a wretched
constitution, and with a strong hereditary disposition to
disease, if not actually ill, are fully capabie of procreating
their kind. Close interbreeding, on the other hand, often
induces sterility ; and this indicates something quite distinct
from the augmentation of morbid tendencies common to both
_parents. The evidence immediately to be given convinces me
that it is a great law of nature, that all organic beings profit
from an occasional 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
experienced 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

# ¢The History of the Rise and Progress of the Killerby, &c. Herds,’ p. 41.
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Enight, &c,? have exprossed tho strongest conviction on the
close i Those
who have oomp:led works-on agriculture, and have associated
much with breeders, such as the sagacious Youatt, Low, &c.,
have strongly declared their opinion to the same effect.
Prosper Lucas, trusting largely to French authorities, has
come fo a similar conclusion. ~ The distinguished Gorman
lermann von Natl who has written the
most able treatise on this subject which I have met with,
concurs; and as T shall have fo quote from this treatise, I
may state that Nathusius is not only i
S¥ith works on agricultaro in all langnages, and knows the
pedigrees of our British breeds better than most Englishmen,
but has imported many of our improved animals, and is him-
self 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, &c., which propagate quickly, and, from being kept
in the same place, are exposed to the same conditions. Now
1 have inquired of very many breeders of these birds, and T
hate hitherto not met with a single man who was not

i that an ional cross with another
strain of the same 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; yet all breeders, as far as I can hear, ex-
cepting those who keep large 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 per-
petually fertilised themselves and been thus subjected for long
ages to the closest interbreeding, there is not a single species,
as far as I can discover, in which the structure ensures self-
fortilisation. On the contrary, there are in a multitude of

® For. Andrew Knight, see A. 227. Sir J. Sebright's Treatise has
Walker, on * Intermarriage,’ 1838; p. just been quoted.
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cases, as briefly stated in the fifteenth chapter, manifest
adaptations which favour or inevitably lead to an occasional
cross between one hermaphrodite and another of the same
species ; and these adaptive structures are utterly purposeless,
us far as we can see, for any other end.

‘With Cattle there can be no doubt that extremely close inter-
bmed.mg may be long carried on advantageously with respect to
ternal characters, and with no manifest evil as far as constitution
ll eoneerned_ The case of Bakewell's Loug'horns, which_were
closely interbred for a long period, has often been quoted; yet
Youatt says* the breed “ had ncqmred k) dehm{-y of constitution
with common of
the species was not always certain.” Bat lm Sharthoms offer the
‘most striking case of close interbreeding; for instance, the famous
‘bull Favourite (who was himself the offspring of a half-brother and
sister from Foljambe) was matched with his own daughter, grand-
daughter, and_great-granddaughter; so that the produce’of this
last_union, or the grmt-grenl—gmnddnugh(er. hnd 15-16ths, oF
9375 per cent. of the blood of Favourite in her veins, This cow
was matched with the bull \\ellmgmn having 625 per cent. of
Favourite blood in his veins, and produced Clarissa; Clarissa was
‘matched with the bull Lancaster, having 6875 of the same blood,
and she yielded valuable offspring? Nevertheless Collings, who
reared these animals, and was a strong advocate for close breeding,
once crossed his stock with a Galloway, and the cows from this
cross realised the hignm prices. Batcss herd was esteemed the
most_celebrated in the world. thirteen years he bred most
closely in and in; but during the et years, though he
bad the most exalted notion of the value of his own stock, he thri
infused fresh blood into his herd : it is s that he did this, not to
improve the form of his animals, but on account of their lessen
fertility. Mr. Bates's own view, as given by a celebrated breeder,’

¢ <Cattle, p. 199.

&1 give this on the authority of
hl\hnﬂlll, ‘Uelmr Shorthorn Rind-
vieh, 1837,5. 71 (see also * Gardener's
Chronicle; 1860, y 270). _But Mir.
J. Storer, n large breeder of cattle,
informs me that the parentage of
Clarissa is not well authenticated. 1n
the first vol. J she
was enter having six descents
from Favourite, % which was a palpa-
ble mistake,” and in all subsequent
editions she was spoken of as having
only four descents. Mr. Storer doubts
even about the four, as no names of

the dams are given. Moreover, Cla-
rissa bore “only two bulls and one
heifer, and in the next generation her
progeny became extinct.”  Analogous
casteof cloe ntarbresiing are given
in a pamphlet published by Mr.
Mackurght and Dr. H: Maddem, < On
the True Principles of Breeding;’
Melbourne, Au\lrllu, 1865,

il Wood, in ¢Gar-
dener’s Chronicle,” 1855,
1860, p. 270. See the very clear
tables and pedigrees given in Nathu-
sius’ ¢ Rindvieh,” s. 72-77.
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was, that “ to breed in-and-in from a bad stock was ruin and de-
vastation; yet that the practice may be safely followed wmun
certain limits when the parents so related are descended fro
rate animals.” We thus see'that there has been much clnso mtel\-
bmsdlng with Shorthorns; but Nathusius, after the most careful
of their pedigrees, says that he can find no instance of a
h er who has strictly followed this practico during his whole
life. From this study and his own experience, ho concludes that
close interbreeding is necessary to ennoble the’ stock; but that in
effecting this the greatest care is necessary, on account of the ten-
dency to infertility and weakness. It may be added, that another
‘Tigh authority 7 asserts that many more calves are born cripples
from Shorﬂmms than from other and less closely interbred races

caf

Al gh by carefully selecting the best animals (as Nature
effectually does by the law of battle) close interbreeding may be
long carried on with cattle, yet the good effects of a cross Seont
almost any two breeds is at once shown by the greater size nnd
vigour of the offspring; as Mr. Spooner writes fo me,  cross
distinet breeds certainly improves cattle for the butcher.” Such
crossed animals are of course of no value to the breeder; but they
have been raised during many years in several pum of England to
be slaughtered ; * and thelr merlt ls now so fully gnised, that
at fat-cattle shows a separate has been form d fo! their re-
wphm Th best fac ox at lhe great show at Islington in 1862

o bt um.le, which have boen kept in British parks pro-
bably for 400 or 500 years, or even for a longer period, have been
Ly Culley and ofhers us @ cso of long-continued futer.
breeding within the limits of the same herd without any consequent
injury. With respect to the cattle at Chilagbam, the mm Lord
Tankerville owned_that they were bad breeders? The
Hardy, estimatos (ina lottor 10 mo, dated Moy, 1661) that. e
herd of sbont ity tho averngo number annually slaughtered, killed
by fighting, and dying, is about ten, or one in five. As the herd
ket up fonoarly the same averago number, tho aunnal ra of
increase must bo Iikewise about one in five. The bulls, I may add,
R fusions b.mes. of which battles the present Lord Tan-
has given mo a graphic description, 5o that there will
be rigorous selection of the most vigorous males. 1 pro-
in 1855 from Mr. D. Gardner, agent to the Duko of Hamilton,

raal of Roval  brod his herd in-andin for some years,

6, p. 204, “lost in twenty - eight

o, n.-m.g (‘ successful breeder  calves solely from waat of cemstitu-
orns in Ireland) informs me i

that the Taisers of the great families “Youatt on Cattle, p. 202.

‘of Shorthoms carefully conceal their  °  Report British Amc, Zoalog.
and want of constitution, He  Sect.,’ 1838,

~ adds that Mr. Bates, after he had

VoL I u

s, Wigh, ¢
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the following account of the wild cattle kept in the Duke’s park in
Lanarkshire, which is about 200 acres in extent. The number of
cattle varies from sixty-five to eighty; and the number annually
killed (I presume by all causes) is from eight to ten; so that the
annual rate of increase can hardly be more than one in six. Now
in South America, where the herds are half-wild, and therefore
oftra nearly fair standard of comparison, according to Azara the
tural increase of the cattle on an estancia is from one-third to
mw-luurth of the total number, or one in between three and four;
and this, no doubt, applies exclusively to adult animals fit for con.
sumption. Hence half-wild British cattle which have long
within the limits of the same herd are relatively far less
Alu.wngh in an unene unenclosed _country like Paraguay there
ek bo seens cxoming between $ho different; herds, yot oven ther
the imnblhnﬁl believe that the occasional introduction of animals
from distant localities is ne to prevent “ degeneration in size
and diminution of fertility.”'* The decrease in sizo from ancient
times in t.hn Chillm cham and Hamilton cattle must have been pro-
d:ymm r Riitimeyer has shown that they are llmost
oemmly O.he deaumdlnh of the gigantic Bos primigenius.
doubt y be largely attributed fo less ﬁlVD\u'-
able mndmm of hfe m e roaming over large par}
fed during severe winters, can hardly be considered as plnced under
very nn’nwunble conditions.

With Sheep there has often been long-continued interbreeding
within the hmns of the same flock; but whether the nearest rela-
tions have been matched so frequently as in the case of Shorthorn
oama, T do not know. The Messrs. Brown during fifty years have

infused fresh blood into t)leu' excellent flock of Leicesters.
anu 1810 Mr. Barford has acted on the same principle with the
Foscote flock. He asserts that half a century of experience has
convinced him that when two nearly related animals are quite
sound in constitution, in-and-in breeding does not induce dege-
neracy ; but he adds that he “ does ot pride himself on breeding
from the nearest affinities.” In France the Naz flock has been bred
Sm’ nxty fm Wllhmlt the m(rod\lchun of a smglﬂ xtrun e nm A
theless, lers of sheep have protest
dms mtarbreedmn pm]onged for too great a length of ume 25 The
rnmt celebrated of recent breeders, Jonas Webb, kept five se)
families to work on, thus “ ref sﬁxe requisite distance of mln—
tionship between the sexes;"8 and what is probably of greater
Wﬂ‘:w’ the mpnmw flocks will have been exposed to somewhat

* Azam, ¢ Quadruptdes du Pars-  flck, *Boll. de la Soc. @Acclimat,”
guayy” tom. i. pp. 354, 365. 1860, p. 477.
¥ For the case of the Messrs.  * Nathusius, Bindvieh” 1. 65;
0 “Gard. Chronicl,” 1855, Youstt on Sheep, p.
p. 26" For the ¥oseote flock, Gard. *Gard. cbmmde, 1851, v. 631

Chron.,” 1860, p. 416. For the Naz
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Although by the aid of careful selection the near interbreeding
of sheop may be long continued without any manifest ovil, yet 1t
has of n the practice with farmers to eross distinet breeds to
obtain snimals for the butohr, which plainly shows that good of

is derived from this practice. We have excellent evi-
denco on this head rom Mr. 8. Druco, who gives in detal the

comparative numbers of four pure breeds and of a cross-bree

which can be nu%porwnl on-the ame ground, and he givea their pro-
uce in ficece and carcase. A high authorify, Mr. Pusey, sums up
he result in money value during an equal length of tireé, namely

shillings), for Cotswolds 8, or Leicesers 2281, for
2041, 2641, and for the cross-

bred 203l A (anner celebrated breeder, Lord Somerville, states
.ht hm lulf l)reods frmn Ryelands and Spanish sheep were larger
the pure Ryelands or pure Spanish sheep.
i Spoonex concludes lns excellent Essay on Crossing by asserting
fhat there s o' pocuniary advantage in judicious cross-bre
especially when the deontk larger than the female.®
As some of our British parks are ancient, it occurred to me that
there must have been long-continued close interbreeding with the
fallow-deer (Cervus llamu) kept in them but on inquiry I ﬁnd thl
it is & common practice to ‘blood ‘P gx
from other parks. Mr. shmey." o i carefully studied the
‘management of deer, admits that in some parks thero has
admixture of foreign blood from a time beyond the memory of e
But'he concludes “ that in the end the constant breeding in-and-in
“is sure to tell to the disadvantage of the whole herd, though it
“may take a very long time to rove it; moreover, when we find,
“ s s very constantly the case, that the introduction of fresh blood
“has been of the very greatest s to deer, both by improving their
 size and appearance, and particularly by being of service in re-
““ moving the taint of ¢ nckbﬁck if not of other diseases, to which
« deer are sometimes subject when the blood has not been changed,
* there can, I think, be no doubt but that a judicious cross with a
“good stock is of the greatest consequence, and is indeed essential,
* sooner or later, to the prosperity of every well-ordered park.”
l\‘ Hamll’l famous foxhounds have been adduced, as showmg
1l effects follow from close interbreeding; and Sir J.
uoemmed from him that he frequently brod from father
wghter, mother and son, and sometimes even from brothers
mt sisters. ~ With greyhounds also there has been much close
interbreeding, but the best breeders agree that it may be carried

M €Journal R. Agricult. Soc.,’ vol. . See also an excellent paper on
v, 1855, p. 212 the same subjectin * Gard. Chronicle,"
Lord eils T oo 1860, p. 921, by Mr. Chacles Howard
Husbandry,’ p. r. % “Some Ac i
 Spooner, in ‘Jnnnnl of Royal Agri-  Parks,’ by Evelyn P. Shirley, 1867,
‘cult. Soc. of England,’ vol. xx. part
"2
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sisters, he has

{00 far.” ButSir J. Sebright, declues," that by breeding in-and-in,
rs and actually

by wh';;:h e means matching broth
seen the strong s
diminutive la

o the caso o

fumily, which
lu-gamnnt
of hroo

, and nearly all had a
e cross with a distinct strain

the tail. A singl
dhounds restored their fertility, and drove away the tendency

fomnhml in the tail
ot.her case wit]

T have heard the particulars of an-
ounds, in which tho female had to bo
howrapid i lho natural increase of the

eld to

arge price of all highly in-

B i A

hich
on the belief that this process lessens fert)h

and increages I bihty to distemper and other diseases, A mg'ﬁ
nnﬂwnt{ pe, attributes the rarity and deterioration in
size of

6 Seoteh deerho\md (the few individuals formerly existing
thmughout the country being all related) in large part to close

By all b hlg}\[y-bred animals thero s more or less diffculty in
getting them and all suffer much fi

e i, great judge of rabbits® says, “ the long-cared
does are often too highly bred or forced in their youth to be of much
value ns breeders, offen turning out barren or bad mothers”
They often desert their young, o that it is necessary to huvo

bbits, but I do not p ibute all these evil results

to close interbreeding™

With respect to Pigs there is more unanimity amongst breeders
on the evil effects of close interbreeding than, perhaps, with any

other large a

nimal.
the Improved Oxfordshires (n

Mr. Druce, a great nnd successful breeder of

writes, “without a

cross
change of boars of a different tribe, but of the same Dreed, constitu-

tion cannot be preserved.” Mr.

» Stonehenge,  The Dog, 1867, pp.
175-188,

Art of lmprnvlnz the
Bmd &, p. 13, With respect to
Scoth Sethounds, oy Ecropes st
of Deer Stalking’

B € T Mu}mge
of Near King m.,, , B 903) from the

¢ Bulletin de I e Méd. de
Heigiaes® (vol |x, mzs, P 267,
tements made

o l.agnln with respect to_crossing
ter rabbits for five or

consequent evil re:
Tuch surprised t this ‘socount, and

“Fisher Hobbs, the raiser of the

M. Legrain's invariable success
his experiments, that I wrote to a
distinguished naturalist in Belgium
to inquire whether M. Legrain was a
trustworthy observer. In answer, |
have heard that, as doubts were ex-
pressed about the authenti k b
experiments, a commi
wis appointed, and that af & suce
ceoling meeting o the Society Bull
R. de Med. de Bel ques
; nd series, Tome 1,
rted “q

‘o this public accusation
no satisfuctory answer was made.
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eelehmied TImproved Essex breed, divided his stock into three
te families, by which means he maintained the breed for
mnre than twenty years, “by judicious sclection from the three
dulmt! famd:u”“ Lord Western was the first importer of a
r and sow. “From this pair he bred in-and-in,
nntl the breed was in danger of becoming extinet, a sure result
(as Mr. Sidney remarks) of in-and-in breeding” TLord Western
B Neroiln s with the old Fasex, and made the
first great step tcmm'(lls the Improved Essex breed. "Here is a more
(nwmt.mg case. Mr.J. Wright, well known as a breeder, crossed #
same boar with the danghter, granddaughter, and great-grand-
Jlaughter, and so on for seven generations. The result was, that
in many instances the offspring failed to breed; in others they
produced few that lived; and of the latter many were idiotic,
wWithout sense, even to suck, and when attempting to move could
not walk straight. Now it ‘deserves especial notice, that the two
sows produced by this long course of interbreeding were sent
to other boars, and they bore several litters of healthy pigs. The
best sow in external appearance produced during the whole seven
mmhm Wﬂs one in the last stage of uscenh but the litter
is one sow. She would not breed {o her sire, yet
hnsd nt the ﬁmt trial (c a stranger in blood. So that, in Mr.
t's case, long-continued and extremely close interbreeding
dad m Bt o xtesial form o AN olithe young; but with
many of them the general constitution and mental powers, and
especially the reproductive functions, were seriously affected.
athusins gives® an analogous and even more striking case: he
ported from England a pregnant sow of the large Yorkshire
‘breed, and bred the product closely in-and-in for three generations :
the result was unfavourable, as the young were weak in constitution,
with xmpmed fortility. One of the latest sows, which he esteemed
 good animal, produced, when paired with her own uncle (who was
Jnown to be productive with sows of other breeds), a litter of six,
and & second time a litter of only five weak young pigs. He then
d this sow with a boar of a small black breed, which he had
iported from England ; this boar, when matched with
.mothmown breed, produced from seven fo nine young. Now,
B £o0 iasun breed, witich was 0 unproductivo vhen paired
'Ith her own uncle, ymldod to the small black boar, in the first
twenty-one, and in the second litter eighteen young pigs; so
M in one year she produced thirty-nine fine young animals!
As in the case of several other animals already mentioned, even

21 Sidney's edit. of *Youstt on the Col. Le Couteur, who has done so
Fig 1660, p. 20; p- 33, quiation much for the agriculture of Jersey,

.’ Druce; p. 29, on Lord  writes to me that from ing o
e fins breedof pigs e brad them vty
2 “douraal of Royal Agricut. Soc.  cloel brothers and

of Eagland, 18146, vol. 1

.hkrs, o ‘msntly 431 444 o b
# “Ucber Rindvich,

fits and died suddenly.
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when no injury is fro close
et to quote the words rm e annual
gold medal of the Smithfield Club Show for the best pen of pigs),
answer well for profit to the farmer, as you get more
 constitution and qnleler growth; but lor me, who sell a great
“ number of pigs for breeding purposes, I find it will not do, as
it requires mnny years to get anything like purity of blood
“ again."¥

Almost all the animals as yet mentioned are gregarious,
and the males must 1y pair with their own d
for they expel the young males as well as all intruders, until
forced by old age and loss of strength to yield to some stronger
male, Tt is therefore not improbable that gregarious animals
may have been rendored less susceptiblo than non- socml
species to the evil of close i
that they may be enabled to live in herds without m,ury E
to their offspring. Unfortunately we do not know whether
an animal like the cat, which is not gregarious, would suffer
from close interbreeding in a greater degree than our other
domesticated animals. But the pig is not, as far as I can
discover, strictly gregarious, and we have seen that it appears
eminently liable to the evil effects of close interbreeding.
Mr. Huth, in the case of the pig, attributes (p. 285) these
effects to their having been “ cultivated most for their fat,” or
to the selected individuals lmving had a weak constitution ;
but we must remember that it is great breeders who have
brought forward the above cases, and who are far more
familiar than ordinary men can be, with the causes which are
likely to interfere with the fertility of their animals.

The effects of close interbreeding in the case of man is a
difficult subject, on which I will say but little. It has been
discussed by various authors under many points of view.?

= Shlmy on the Pig, 1 0. e cates havo infured. thir cause by in-
Richardson on  accuracies: thus it has bec ated
Devay, ‘Du Danger ds

e been pmlumml b,
the 1qum“ ok Db bet T have
, in answer to inquiries
Tt Uit Stater, hat this
" doubt on  statement is a mere fal
question many advo-

sanguincon:
this side of
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Mr. Tylor®® has shown that with widely different races in
the most distant quarters of the world, marriages between
relations—even between distant relations—have been strictly
prohibited. There are, however, many exceptions to the
Tule, which are fully given Huth? Tt is a curions
problem how: these prohibitions arose during early and
barbarous times. Mr. Tylor is inclined to attributo them to
the evil effects of consanguineous marriages having been ob-
served ; and he ingeniously attempts to explain some apparent
lies in the prohibition not equally to the
relations on the male and female side. He admits, however,
that other causes, such as the extension of friendly alliances,
may have come into play. Mr. W. Adam, on the other hand,
concludes that related marriages are prohibited and viewed
with repugnance, from the confusion which would thus arise
in the descent of property, and from other still more recondite
reasons. But I cannot accept these views, seeing that incest
is held in abhorrence by savages such as those of Australia
and South America,? who have no property to bequeath, or
fine moral feclings to confuse, and who are not likely to
reflect on distant evils to their progeny. According to Mr.
Hauth the feeling is the indirect result of exogamy, inasmuch
as when this practice ccased in anmy tribe and it became
endogamous, so that marriages were strictly confined to the
same tribe, it is not unlikely that a vestige of the former
practice would still be rotained, so that closely-related
marriages would be prohibited. With' respect to exogamy
itself Mr. MacLennan believes that it arose from a scarcity
of women, owing to female infanticide, aided perhaps by
other causes.
Tt has been clearly shown by Mr, Huth that there is no

S0 his interesting work on the ,mlgmm and caution. _See also Mr.

‘l‘-rlyﬂmqrv of Man,’ 1865, chap.x,  W. ¢On Consanguinity in Mar-
: arriage of Near Kin, rmge in_the  Fortnightly Review,’

The evidence given by Mr. 1 Alzo Hofucker, ¢ Usber

otk would, I think, have been even

 more valuable than it is on_this and

B i peiats, If hhad refucrad  dltions lnto Awstralia vl i p. T

- salely to the works of men who had  and Dobrizhoffer, On’the it o
vesided in each tountry referred  South America.’

0, and who showed that they possessed
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instinctive fecling in man against incest any more than in
gregarious animals, We know also how readily any prejudice
or feeling may rise to abhorrence, as shown by Hindus in
regard to objects causing defilement. Although there seems
to be no strong inherited feeling in mankind against incest,
it seems possible that men during primeval times may have
been more excited by strango females than by those with
whom they habitually lived ; in the same manner as accord-
ing to Mr. Cupples,® male deerhounds are inclined towards
strange females, while the females prefer dogs with whom
they have associated. If any such feeling formerly existed
in man, this would have led to a preference for marriages
beyond the nearest kin, and might have been strengthened
by the offspring of such marriages surviving in greater
numbers, as analogy would lead us to believe would have
occurred.

‘Whether ineous i such as are p
in civilised nations, and which W0l o e oansideredte
close interbreeding in the case of our domesticated animals,
cause any injury will never be known with certainty until a
census is taken with this object in view. My son, George
Darwin, has done what is possible at present by a statistical
investigation,® and he has come to the conclusion, from his
own researches and those of Dr. Mitchell, that the evidence as
to any ovil thus caused is conflicting, but on. the whole points
to the evil being very small.

Bipis—Tn the caso of tho Foul o whole army of nuthonhes
could be given against too close interbrecding. Sir J. Se
TRty s’ Ciati o hads “many trials, and_ that ey fowls
rhen thius trated, becam ong in tho legs small in the body, and
breeders Ho produced the famous Sebright Bantains by
complicated crosses, and by breedmg inand-in; and since his time
there has been much close interbreeding with these animals; and
they are now notoriously bad breeders. 1 have seen Silver Bantams,
dicaotly’ desoanuiad frot bis siosk whioh e become almost. a2
barren s hybrids; for not a single chicken had been that year

* ¢Descent of Man, 2nd. edit p.  Review, June, 1875

'm e o Improving the
K Jomrzal -\fShlutcllSw June, Bued.'
1875, p. and ¢ Fortaightly
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hatched from two full nests of cggs. Mr. Hewitt says that with
these Bantams the sterility of the mals stands, with rare exceptions,
in the closest relation with their loss of certain secondary male
characters: he adds, “ I have noticed, as a general rule, that even
“ the slightest deviation from feminine character in the tail of the
“ male Sebright—say the clongation by only half an inch of the two
¢ principal tail feathers—brings with it improved probability of

“ incrensed fortility.”*

Mr. Wright states® that Mr. Clark, “ whose fighting-cocks were
g0 notorious, continued to breed from his own kind till they lost
“ their disposition to fight, but stood to be cut up without maki
“ any resistance, and were so reduced in size as to be under those
etz required for the bost prizes; but on obiaining » eross

“ froj eighton, they again resumed their former courage and
¢ waight.” It should bo borno in mind that gumo-cocks beforo they
fought were always weighed, so that nothing was left to the imagi-
nation about any reduction or increase of weight. Mr. Clark does
1ot seem to have bred from brothers and sisters, which is the most
injurious kind of union; and he found, after repeated trials, that
there was a_greater reduction in weight in the young from a
father paired with his daughter, than from a mother with her son
T may add that Mr. Eyton, of Eyton, the well-kuown omithologist,
who is a large breeder of Grey Dorkings, informs me that they
certainly diminish in size, and become less’prolifie, unless a cross
with another strain is oceasionally obtained. So it is with Malays,
according to Mr. Hewitt, as far as size is concerned.

An_experienced writer ® remarks that the same amateur, as
i8 well known, seldom long maintaing tho supetiority of lis burls,
and this, he adds, undoubtedly is due to all his stock “
of the same blood;” hence it is mdlhpensable et e s
occasionally_procure a bird of another strain. But this is not
necessary with thoso who keep a stock of fowls at different stations.
Thus, Mr. 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 deerioration; * but all depends upon how this is mamgud>
« o keep about five or six distinct runs, and
B T o e Toumired chickans s ‘year,
“and seloct the bost birds from each ran for crossing. I thus

“scoure sufficient crossing fo prevent deterioration.”

e Bokity W.B. sadis, iz, comdonally s ben with
Tegetmeier, 1850, p. 2 her own son’; “ but they were cautious
% < Journal Royal Agncuh Soc.’

o I‘uunry Chronice; 1854,
4.

e Poultry Book, by W. B.
that they could venture to breed in-  Tegetmeier, 1866, p.
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We thus see that there is almost complete 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 case of most quadrupeds.
Moreover, it is a en rally received opinion that cross-bred
chickens are the hm‘dlest and most easily reared.¥ Mr. Tegntmnler,
who has cmruny attended to poultry of all breeds, says™
Dorking hens, allowed to rvn with Houdan or Crevecceur cocks,
“produce in the early spring chickens that for size, hardihood,
« emy ‘maturity, and fitness for the market, surpass those of any

breed that we have ever raised.” Mr. Hewitt gives it as

a genenl Tule with fowls, that crossing the breed increases their
size. He makes this remark after stating that hybrids from
the pheasant and fowl are considerably larger than e!ﬂler progenitor :
so again, hybrids from the male golden pheasant and female common
“are of far larger size than either parent-bird.”* To

thm subject of the increased slze of hybrids T shall presently return.

With Pigeons, breeders are unanimous, as previously stated,
that it is absolutely mdxspensa,ble, notwithstanding the trouble
and expense thus caused, occasionally to cross their much-prized
birds with individuals of another strain, but belonging, of course,
to the same variety. It deserves notice that, when size is one
of the desired characters, as with pouters,” the evil effects of close
interbreeding are much sooner perceived than when small birds,
such as short-faced tumblers, are valued. The extreme delicac;
of the high fancy breeds, such as these tumblers und )mprmei
English carriers, is remarkable; they are liable 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. Although
these highly- pnzed birds have invariably been subjected to much
close interbreeding, yet their extreme delicacy of constitution
canmot_perhaps be thus fully explained. & s ail moreie
that Sir J. Sebright continued closely interbreeding some owl-
F)geﬂns until from their extreme sterility he as nearlyax possible

t the whole family. Mr. Brent* tried to raise a breed of
trum w , by crossing a_common pigeon, autl mmssmg tho

gl

gmuddnngmr e et i Ui o i 1o e
a bird with {3 of mmpema blood; but then the experiment
failed, for *breeding so close stopped reproduction.” The ex-
péridioed Nermaster  alay i b g offspring from dove-
cotes and various other breeds are “gﬁnemlly very fertile and

5 ¢The Poultry Chronicle vol. i, % ¢A Treatise on Fancy Pigeons,’
p. 80, by J. M. Eaton, p. 56.
4" The Poultry Book; 1866, p. 4 “The Pigeon Book, . 46.
210, # ¢Das Ganze der Toubenrucht,
» Ibid. 1866, P 167 ; and ¢ Pnult,y 1837, 5. 18.
Chronicle, vol. i, 1855, p.
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hardy birds :” 50 again, M. Boitard and Corbié,® after forty-five
years' experience, recommend persons to cross their brecds for
amusement; for, if they fuil to make inferesting mrds they will
suceeod under an cconomical point of viow, *us it is found that
are mors fertilo than pigeons of pure

T will refar only fo one animal, namely, the Hive-bes,

use a distinguished entamologm has’advanced this as n case
of inevitablo-cloo interbreading. - As the hive is tenanted by &
single female, it might have been nmugm Jnk et sokléiana
female offspring would always have bred fogether, more especially
asbees of different hives are hostile to each other; a strange worker
Wmm always attacked when trying to enter another hive.
But Mr. Tegetmeier has shown * that this instinct does not apply
to drones, which are permitted to enter any hive; so that there
isno a prmn improbability of & queen receiving a foreign drone.
The fact of the union invariably and necessarily taking place
on m wing,durmg the queen’s nuptial flight, seems to be  special
provision against continued interbreeding. However this may be,
experience = shown, sinco the introduction of the yellow banded

ian race into any and England, that bees freely cross:
Mr. Woodbury, who lnlmd ced Ligurian bees into Devonshlre,

during a single season that three alocks. at d)shneea of from
one to two miles from his hives, were crossed by his drones.
Inone case the Ligurian drones must have flown over the city
of Exeter, and over several intermediate hives. ~On_another

oceasion several common black queens were crossed by Ligurian
drones at a distance of from one to three and a half miles.**

Plants.
MWhon a singlo plant of a new spocis s introducel into any
country, if propagated by seed, many individuals will soon_be

raised, so that if the ]lmpar insects be present there will be crossing.
Bl o o Glhix Dlsuts mob ropagaind
by seed we are not here concerned. With old-established plants
itis an almost universal practice occasionally to make exchanges
of-ed by which means  individuals which have  been exposed
different,_eonditions of life,—and this, as we have seen with
nnml., diminishes the evil from close interbreeding, — will
occasionall troduced into each district,
wm.m t o individuals belonging to the same sub-variety,
oas aconmoy and experience exceeded that of all oﬂm
beervers, siatca that. ho hoa many times observed g
from this e, especially with exotic_genera, of which the {en)hty
is somewhat impaired, such as Passiflora, Lobelia, Fu

# <Les Pigeons, 1824, p. . 85 and 1864, p. 206,
# ¢ Proc. Entomolog. Soc.,” Aug. citriige zur Kenntniss  der
u\.lun,plz Befruchtung,’ 1844, s, 366,
“Journal of Horticulture,’ 1861,
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Herbert also says,'” “I am inclined to think that T have derived
“advantage from impregnating the flower from which I wished
““to obtain seed with pollen from another individual of the same
“variety, or at least from another flower, rather than with its
“own.”"’ Again, Professor Lecoq ascertained that crosed ofispring
are moro vlgm-mln and robust than their parents.’

1 statements of this kind, however, can seldom be fully
tmsled. I therefore began a long series of experiments, continued
for about ten ywrs, wlueh will I think conclusively show the
good o distinet plants of the sawe variety,
and the evl eﬂect.s ol lnng continued self-fertilisation. A eclear
light will thus be thrown on mh qummus. as why flowers are
almost invariably construct to permit, or favour, or necessi-
tato the wmion of two iodividnala,  Wo shall clearly understand
why monccious and_dicecious,—why dichogamous, (hmnrpluc and
mmo hic plants exist, and many other such faoce. 1 int

o ok ot e o sttt i it hese e ouly
raw cases in illustration. The plan which T followed was to gro
p].nu in the same pot, or in pots of the same size, or close tngeumr m
the open ground; earefully to exclude insects; and then to fertilise
some of the flowers with pollen from the same flower, and others
on the same plant with pollen from a distinet but adjoining »,f plant.
In many of these experiments, the mmi plants yielded much
more sced than the self-fertilised and I have never seen
the reversed case. The self-forti 18041 and crossed seeds thus
obtained were allowed to germinate in the same glass vessel on
damp sand; and as the sceds germinated, they were planted
m pu o oppnsl(c sides of the same pot, with a superficial
hem, and were placed 50 as to be equally ex-
pneed m the bghL hl other cases the self-fertilised and crossed
es of the same small pot.
S e e i
taken all the prmuhnna which I could think of, so that the two
|om should be equally favoured. The growth of “the g:;zh raised
'.hecmuedlnd mlf fertilised seed, I'ere urefnllyo ved from
to

oo ‘germina ‘maturity, in_ specics bel fty-two
genera; and tho diffrence in their growth, o wlhxt-nd.mg
unfavourable conditions, was in most cases manifest and strongly

marked. It is of unpornnca !h‘t the two lots of seed should lvc
sown or planted on opposite sides of the same pot, so that the seed-
lmgl m smxggle against mhb?lt:ner. for if sown sepnmtely in

mll hneﬂ dmcnbe two of the first cases ohurved by me.
Six e six self-fertilised sceds of Jpomma purpures, from
phnhhuhedlnﬂnmmmrnbo ve described, were planted as soon
as they had germinated, in pairs on opj lundesuftwo &
and rods of eqml thickness were given twine up. Five

4 ¢ Amarylliducem,’ p. 871 * ¢De la Fécondation,” 2nd edit., 1862, p. 79.
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of the crossed plants grew 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 phead of its antagonist. As soon as each crossed plant
reached the top of its seven-foot rod its fellow was measured, and
the result was that, when the crossed plants were seven feet high
the self-fertilised 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 the self-fertilised plants. On opposite
sides of another smull pot a large number of crossed and self-
fertilised seeds were sown, so 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 advantage; they never quite
Teacl the summit of the seven-foot rod, but relatively to the
self-fertilised plants their average height was as seven feet to five
feet two inches. The experiment was repeated during several
succeeding generations, treated in exactly the same manner, and
with nearly the same result. In the second generation, the crossed
plants, which were again crossed, produced 121 seed - capsules,
whilst’ the self-fertilised, again sclf-fertilised, produced only 81
capsules.
Some flowers of the Mimulus lutens were fertilised with their
own pollen, and others were crossed with pollen from distinet plants
growing in_the same pot. The seeds were thickly sown on
opposite sides of a pof. The seedlings were at first equal in
height; but when the young crossed plants were half an inch,
the seif-fertilised plants were only a quarter of an inch high.
But this degree of inequality did not last, for, when the crosséd
plants were four and a half inches high, the self-fertilised were
inches, and they retained the same relative difference till
their growth was complete. The crossed plants looked far more
vigorous than the uncrossed, and flowered before them; they
produced also a far greater number of capsules. As in the former
case, the experiment was repeated during several suceeeding gene-
rations. Had I not watched these plants of Mimulus and Ipomeea
during_ their whole growth, I could not have believed it possible,
that a difference apparently soslight as that of the polfen being taken
e same flower, or from a distinet plant growing in the same
pot, could have made so wonderful a difference in the growth aud
vigour of the plants thus produced. This, under a physiological
point of view, is a most remarkable phenomenon.

With respect to the benefit derived from crossing distinct
varictios, plenty of evidence has been published.  Sageret® re-
peatedly 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.

40 ¢Mémoire sur les Cucurbitacées,’ pp. 36, 28, 30,
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Here follows the evidence of an English gnrrlener' “1 ]m\'n this
« summer met with better success in my cultivation of melons, in
Pl oy Ul P o e ey (m mongrels)
“ obtained by eross impregnation, than with old varicties. The

« offspring of three different hybridisations (one more dspecially, of

“ which the pmrenm were the two most dissimilar varieties T could
& selot) each yilded moro wmple aud inr produce than any one
“ of between twenty and thirty established varieties.”

Andrew Knight™ believed that his seedlings from crossed varieties
of the apple exhibited increased vigour and luxuriunce; and M.
Chevreul® alludes to the ex(reme vigour of some of the crossed
fruit-trees raised by Sagere

By crossing reciprocally um tallest and shortest peas, Knight®
says: “T had in this- experiment a_striking instance of the

“ stimulative effects of Grnﬂdg the breeds; for the smallest variety,
“ whose height rarely exceeded two feet, was increased to six feet;
“ whilst the he)ght of the large and luxuriant kind was very little
“ diminished.” Mr. Laxton gave me seed-peas produced from
crosses between four distinet kinds; and the plants thus raised were
extraordinarily vigorous, being in each case from one to two or three
feet taller than the parent-forms growing close alongside them.

‘Wiegmann * mm‘m many crosses between several varieties of

cabbage; and he speaks with astonishment of the vigour and
height of the mongrels, which excited the amazement of all the
gardeners who beheld them. Mr. Chaundy raised a great number
of mongrels by plnnhng together six distinet varieties of cabbage.
These mongrels displayed an infinite diversity of character; “But
“ the most remsrknble circumstance was, that, while all the other
“ cablages and borecoles in the nursery were destroyed by a severe
« winter, these hybrids were little u|_|nred and supplied the kitchen
“ when there was no other cabbage to

M. Muund exlubned before the Royul Agricultural Socicty®
specimens eat, together with their parent varieties;
and the ednm- states ﬂmt they were intermediate in character,
“ united with that_greater vigour of growth, which it appears, in
= h vegotablo u in tho amimal world, s the fesult of a first cros”
Knight also crossed several varieties of eat, and he snys “ that
« inthe years 1795 and 1796, when et ahte crop of corn
" m the island was blighted, ‘the varieties thus obtained, and these

only, escaped in this nelghbonthd, though sown in several
“ different soils and situations.”

i+ Loulofs - Gard. Mag,’ vol. “Ueher _die Bullnkneug\mg,
1832, p. 5 mzs,;az 83. For Mr. Chay
o Boamact. Hort. Soc, ol L p Loudow's * Gard. Mag” b
i !531, p. 696.
5 ¢ Anmal. des Sc. Nat.,’ 3rd series, ¢ Gardener’s Chron.,’ 1846, p.
Bot., tom. vi, p. 189, 601.
55’ (Philosophical  Transactions, ' ¢ Philosoph. Transact.,’ 1799, p.
1799, p. 200. 201,
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Here is a remarkable case: M. Clotzsch™ crossed Pinus sylvestris
and nigricans, Quercus robur and. pedunculata, Alnus glutinost and
incana, Ulmus mmpenlru and efusa ; and the cross-fertilised seeds,
as well as'seeds of pure parent-trees, were all sown at the same

B % i 10 the sano place. Tho reeult was, that after an interval of
eight years, the hybrufs were one-third taller than the pure trees !

The facts above given refer to undoubted vunchu\, excepting
the trees crossed by Clotzsch, which are mnked by various botanists
as_strongly-marked races, sub-species, or species. That true
hybrids raised from entirely distinct spmes tho\lgh they lose in
iemhty. often gain in sizo and constitutional vigour, is certain. 1t
would be superfluous to quote any facts; for all experimenters,
Kilreuter, Gartner, Herbert, Sageret, Lecoq, and Naudin, have
Deen struck with the wonderful vigour, height, size, tenacity of ure,
precocity, and hardiness of their hybrid productions. Girtne:

~ sumsup l:ns 005 5 b head i E pinget fe. KL
reuter® gives numerous precise measurements of the weight and

height of s bybrids in his comparison with measuroments of both
mt-forms ; ‘and speaks with astonishment of their stutura

"lenkuu » their ambitus vastissimus ac_altitwlo vlde conspicua.”

Some excephuns to the rule in the case of very sterile hybrids hn\'e,

lmwever, been noticed by Girtner and Herbert; but the most

striking exceptions are given by Max Wichura, who found “Hhat
; brid vnllows were generally tender in constitution, dwarf, and

xmmnm explains the vast increase in the sizo of the roots,
stems, &e., of his hybrids, as the result of a sort of compensation
due fo their sterility, in the same way as many emasculated
animals are larger than the perfect males. ~ This view seems at first
ﬂght extremely probable, and has been aceepted by various authors;®
but Giirtner has well remarked that there is much difficulty in
fally admitting it; for with many hybrids there is no parallelism
Detween the degree of their sterility and their increased size and
. The most striking instances of Inxuriant growth have been
observed with hybrids which were mot sterile in any extreme
the genus Mirabilis, certain hybrids are unusually

fertile, and their extraordinary luxuriance of growth, together with

¥ Quiel in Bull Dot Soo. @ Die Bustarlbefruchtung, e,
France, vol. i., 1855, p. 527. 1865, s, 31, 41, 4
Giirtner, * Bastarderzeugung’s. Max Wichurs fully aceapts this
959, 518, 526 et seq. view ( Bastardbefruchtung,” s. 43),
- as does the Rev. M. J. Berkeley, in
¢Journal of Hort. Soc,’” Jan. 1866,
p. 70.
¢ Bastarderzeugung,’ s. 394, 526,
Covs Aetar 1795, oy 315, 528,
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thelr Sumius Eoe % have been transmitted to their progeny.
in all cases is probably in part due to the saving of
Pttt i et through the sexual organs acting imper-
fectly or not at all, but more especmlly to the general law of
‘being derived from a cross. r it deserves especial attention that
mongrel animals and plants, whwh are so far from being sterile that
their fertility is often actually augmented, have, as previously
shown, their size, hardiness, and constitutional vigour generally
increased. It is not a little remarkable that an accession of vigour
and size should thus arise under the opposite contingencies of
roased nud dimuuistied fertlity:

It is a perfectly well ascertained fact® that hybrids invariably
‘breed with either pure parent, and not rarely with a distinet species,
‘more readily than with one another. Herbert is inclined to explain
even this fact by the advantage derived from a cross; but Girtner
more justly accounts for it by the pollen of the hybrid, and
probably ifs ovules, being in some degree vitiated, whereas the
polleg and ovules of both pure purents and of any third speclﬁs are

some

ble fucts, which, as we shall presently sce, show that a cross
by et undoubtedly tends to increase or re-establish the fertility
of hybrids.

o same I, namey, that h crossed ofispring oth of varietios
and species ate larger than the parent-forms, holds g
1k k e vith hylid animale 6s well e with monaraiad
Mr. Bartlett, who has had such large experience says, “ Among all
“ hybrids of vericbrated animals there is & marked inceaso of size.”
He then enumerates many cases with mammals, including monkeys,
and with various families of birds.**

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

The facts now to be given differ from the foregoing, as
self-sterility is not here the result of long-continued close
interbreeding. These facts are, however, connected with our
present subject, becanse a cross with a distinet individual is
shown to be cither necessary or advantageous. Dimorphic
and trimorphic plants, though they are hermaphrodites, must
be reciprocally crossed, one set of forms by the other, in order
to be fully fertile, and in some cases to be fertile in any degree.

@ Kolreuter, ‘Nova Acta, 1795, 430,
b 51 % Quotad, by Dr. Marie, in Proc.
& Gixtner,  Bastarderzeugung, 5. Zoolog, Soc.,’ 1870, p.
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But I should not have noticed these plants, had it not been
for the following cases given by Dr. Hildebrand :#0—

Primula sinensis is a reciprocally dimorphic species: Dr. Hilde-
brand fertilised twenty-cight flowers of both forms, each by pollen of
the other form, and obtained the full number of capsules containing
on an average 427 sced per capsule; here we have complete and

normal fertility. He then fertilised forty-two flowers of both forms
vmhpollen of " the same form. hut faken from a distinct plant, and
all produced capsules containing on _an average only 196 seed.
Tastly, and here we come to our more immediate point, he fertilised
forty-eight flowers of both forms with pollen of the same form and
taken e same flower, and now he obtained only thirty-two
capsules, and these confained on an average 186 seed, or one less
per capsule than in the former case. So that, with these illegitimate
e act of impregnation is less assured, and the fertility
alghtly les, when the pollen und ovals belong fo tho came flwer,
than when belonging to two distinct individuals of the same form.
Dr. Hildebrand fins recently mads analogous experimonts on tho
Tong-styled form of Oaulis rosea, with the same result.”

Tt 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 sometimes so utterly self-impotent, that, though they can
readily be fertilised by the pollen of a distinct species or -
even distinct genus, yet, wonderful as is the fact, they never
produce a single sced by their own pollen. In some cases,
moreover, the plant’s own pollen and stigma mutually act on
each other in a deleterions manner. Most of the facts to be
given relate to orchids, but T will commence with a plant
belonging to a widely different family.

Sixty-three flowers of Corydalis cava, borne on distinet plants,
wero fertilised by Dr. Hildebrand™ with pollen from other plants of
the same species; and fifty-cight capsules were obtained, including
an an average 4 seed in each. He then fertilised sixteen flowers

fuced by the same raceme, one with another, but obtained only
elpmlez, one of which alone contained any good seeds,
mamely, two in mumber.  Lastly, he fertilised twenty-seven flowers,
each with its own pollen; he left also fifty-seven flowers to bo
spontancously fertilised, and this would d certainly have ensped if it

# ¢Botanische Zeitung,’ Jan, 1864, Bcrhn, 1866, 5. 372,
S International Hort. Congress,

tern:
& ¢Monatsbericht Akad. Wissen” London, 1866,
VoL, 1L z
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Tad been possible, for n.e anthers not only tonch the shgml, but
the pollen-tubes were seen by Dr. Hildebrand to rate it;
nevertheless these_ exghty-lonr flowers did not \loe n smgle
-ca) Iel whole case is highly instructive, as it nhnwu
how widel, t the action of the same pollen is, according
it is pl on dle stigma of the same flower, or on that of mothor
flower on the same raceme, or on that of a distinet plnnt
‘With exotie Orchids several e been observed,
chiefly by Mr. Jol £ Oncidium spbaozlumm has effective
pollen, for Mr. Scott fertilised two distinet ies with it; the
ovules are likewise capable of impregnation, for they were readily
fertilised by the pollen of 0. divaricatum ; nevertheless, between
one and two hundred flowers fertilised by their own polleu did not
fuce a single eawn]e, mongh the stigmas were pen
th llen-tubes. Robertson Munro, of the ls‘ﬂyll Bohlmc
ens of delmrgh also informs me (1864) that a hnnd.red and
twenty flowers of this same species were fertilised by him with
their own pollen, and did not produce a capsule, but_eight flowers,
fertilised by the pollen of 0. divaricatum, produced four fine cap-
sules: again, between two and three hundred flowers of U. diva:i-
catum, fertilised by their own pollen, did not set a capsule, but
twelve flowers fertilised by 0. fleruosum produced cight fine cap-
m]cs 80 that here we et three ut(exly self-impotent species, with
‘male and female organs ,'as shown by their mutual
ferullsuhon In these cases fertllxmmm was effected only by the
aid of a distinet species. But, as we shall presently Bel‘, distinet
plants, raised from sced, of Oncidium flexuosum, and probably of the
other species, would have been perfectly capable of fertilising each
other, for this is the natural process. Again, Mr. Scott found that the
llan of a plant of 0. microchilum was eﬁechvo, for with it he ferti-
wo distinet species; he found its ovules , for they could
lxscd by the pollen of one of these species, and by the pollen
Df a distinet plant of 0. microchilum ; but they could not be ferti-
lised by pollen of the sune plant, umngh the pollen-tubes penetrated
the stigma. An analogous case b recorded by M. Riviere,”
with two plants of (J oamuluhumum, whxch were both ne"-sunla
but reciprocally fertilised each of cases refer to the
genus Oncidium, but Mr. Scott found ﬂut Mazxillaria atro-rubens
was_“totally insusceptible of fertilisation with its own pollen,” but
fertilised, -nd was fertilised by, & widely distinet species, viz, M,

alns.

GOOD FROM CROSSING. Cuar. XVIL

orcl had been grown under unnatural conditions in
hot-] l|omma, 1 concluded thnt thmr self-sterility was due to_this
cause.

ut Fritz Miiller informs me that at Desterro, in Brazil, he

Proc, Bot. Soe. of Edinburgh  Linn. Soc.’ vol. viii. Bot., 1864, p.

lheu observations are
ract, and others are
, in the +Joarmal'ef Proo. of

162.
 Prof. Lecoq,‘D: Ia Fécondation,”
2ud edit., 1862,
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femhmd above one hundred flowers of the above-mentioned Onci.
m_flezuosum, which is there endemic, with its own pollen, and
ittt takg Seom st plants: all the former were sterile,
whilst those fertilised by pollen from any othe plant of the same
ies were fertile. During three days there was no
e 10 the action of tho cwo kmds of pol!on that plsced on
-ugm of the same plant separated in the usual manner into grai
and emitted tubes which penetrated the o g el stlgnmuc
chamber shut itself; but only those flowers which had been fertilised
by pollen taken from a distinct plant produced seed-capsules. On
a subsequent occasion these experiments were re on a large
scale with the same result. Fritz Miiller found that four other
endemic species of Oncidium were in like manner utterly sterile
with their own pollen, but fertile with that from any other plant:
some of them likewise produced seed-capsules when imy st ted
with pollen of widely distinct genera, such as Cy and
ezin. Oncidium _crispum, however, differs from the’fore-
g species in varying much in its selfsterility; some plants
prodncmg fine pods with their own pollen, others failing to do so;
in two or three instances, Fritz Miiller observed that the pods pro-
duced by pollen taken from a distinct flower on the sume plant, were
larger than those produced by the flower’s own pollen, Tn £y iden-
drum cinnabarinum, an orchid belonging to another division of the
family, fine pods were produced by the plant's own pollen, but they
contained by weight only about half as much seed as the capsules
which had been fertilised by pollen from a distinct plant, and in
one instance from a distinet species ; moreover, a very large propor-
mn, and in some cases nearly all the seeds produced by the plant’s
llen, were destitute of an embryo. * Some self-fertilised
mpsu los of & Maxillaria were in a similar staf
“Another observation made by Fritz Muller is highly remarkable,
namely, that with various orchids the plant's own pollen not onl;
fails o impregnate the flower, but acts on the stigma, and is acf
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 to five days dark brown, an f.h
. The discoloration and decay are mnot cause
parasitic cryptograms, which were observed by Fritz Milller in only
@ single instance. Thcw changes are well shown by. pln.cmg on
Uxe same stigma, at the same time, the plant’s own pollen
fhat from o stinet plant of the same species, or of ans e
species, or even of amother and widely remote genus. Thus,
s the stigma of Oncidium flezuosum, the plant’s own pollen and
that from a distinet plant were placed &ide by side, and in five days
time the latter was perfectly fresh, whilst the plant's own pollen
was brown. On tho other hand, wh.-n the pollen of s distiact plant
of the Oncidium. flewuosum and of the Lpidendrum zebra Smu
spe0.1) were place togother on the same stigms, they behaved in
exactly the same manner, the grains separating, emitting tubes,
9

12
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and penetrating the stigma, so that the two pollen-masses, after an
interval of eleven days, could not be distinguished except by the
difference of their caudicles, which, of course, undergo no change.
Frits Millor has, morcover, ade a argo number of erosses between
orchids belonging to distinet species and genera, and he finds that
in all cases ‘When the flowes aro. not fertlisad. their footstalks first
wither; and the withering slowly spreads upwards until

the germens fall off, after an interval of one or two wecks, and in
one instance of between six and seven weeks; but even in this latter
case, and in most other casc, tho pollen and stigma remained in
appearance fresh. jonally, however, the pollen  becomes
Drownish, generally on the external surface, and not in contact with
the ':?_m’ as is invariably the case when the plant’s own pollen is

itz Miller observed the poisonous action of the plant’s own
pollen_in i e fiexuosum, 0. unicorne,
uber () and o ot unnamed species: Also i bwo species of
n two of Notylia, in one of Burlingtoni, and. of
aril gans in the o same group.” In all theso cses,except the s,
was proved that the flowers were, as might have been ex
rtile with pollen from a distinct plant of the same §
Numerous flowers of one species of Notylia were fertili Vith
pollen from the same raceme ; in two days’ time they all withered,
the germens bogan to shrink, the pollen-masses became dark brown,
and ot ono pollen-grain emilted & fube, 8o that in this orchid the
injurious action of the plant’s own pollen is more rapid than with
Oncidivum flexuosum. ~ Eight other flowers on the same raceme were
fertilised with pollen from a distinct plant of the same species: two
i wero dimasled, and theic stismoas wors found 1 DA poae:
trated by numberless pollen-tubes; and the germens of the nﬁwr
six flowers became well developed. ‘On a subsequent occasion man
Qther flowers wer fertilised With their own pallen, and.all fol o
dead in a fow days ; whilst some flowers on the same raceme yhich
had been left simply unfertilised adhered and long remained fres
We have scen that in cross-unions between extremely distinet
orchids the pollen long remains undecayed ; but Notylia behaved
in this respect differently ; for when m pollen was placed on the
stigma. of Oncidium jlexuosum, both the stigma and pollen quickly
became dark brown, in the same manner s 13 plant’s own pollen
had been applies
Trite Moller suggests that, s in all thoss cases the plant's own
‘pollen is not only impotent (thus cffectually preventing self-fertilisa-
tiom),but likovize prcvcnh, as was ascertained in the case of the
Notylia idium flezuasum, the action of subsequently applied
pollen s siino: individual, it would be an advantage to the
plant to have its own pollen rendered more and more deleferious;
For the ermens would thus quickly be iled, aud dropping of,
there would be no further waste in nourishing & part which
alfimately conld be of 2o aval,
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The same maturalist found in Brazil three plants of a Bignonia
growing near together. He fertilised twenty-nine flowerets on one
of them with their own pollen, and they did not set a single
capsule. Thirty flowers were then fertilised with pollen from a
distinet plant, one of the three, and they yielded only two capsules.
Tastly, five flowers were fertilised with pollen from a fourth
plant growing at o distance, and i five produced capules.

itz Miller thinks that the three plants which grew near one
another wero probably scedlings from the same parent, and that
from being closely reiated, they acted very fecbly on one another.
This view is extremely probable, for he has since shown in a
remarkable paper,” that in the case of some Brazilian species of
Abutilon, which are self-sterile, and between which he raised some
complex hybrids, that these, if near relatives, were much less fertile
inter se, than when not closely related.

‘We now come to cases closely analogous with those just
given, but different in so far that only certain individuals
of the species are self-sterile. This self-impotence does not
depend on the pollen or ovules being in an unfit state for
fertilisation, for both have been found effective in union with
other plants of the same or of a distinct species. The fact
of plants having acquired so peculiar a constitution, that they
can be fertilised more readily by the pollen of a distinct
species than by their own, is exactly the reverse of what
occurs with all ordinary species. For in the latter the two
sexual elements of the same individual plant are of course
capable of freely acting on each other; but are so constituted
that they are more or less impotent when brought into union
with the sexual elements of a distinct species, and produce
more or less sterile hybrids.

Giirtner experimented on two plants of Lobelia fulgens, bronght
from separate places, and found ™ that their pollen was goed, for he
mm.eﬁ'i%n. it L. cardinalis and syphilitica ; their ovules were
likewise good, for they were fertilised by the pollen of these same
wo species ; but these two plants of L. fulgens could not be fertilised
by their own pollen, as can generally be offected with perfect easo
‘with this species. Again, the pollen of a plant of Verbascum nigrum.

in a_pot was found lgeﬁn'rmer ¥ casable of fertilising V.
m& and V. austriacum ; the ovules could be fertilised by the

™ ¢ Jenaische Zeitschrift fiir Natur- ist,” 1874, p. 225,
wiss! B vil. p. 22, 1872, and p. 441, Bastarderzeugung,’ s. 64, 357.
1873, Alarge part of this paper has ™ Ibid., . 357,
been translated. in the ¢ American

Natur
e
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pollen of V. thapsus ; but the flowers could not be fertilised by their
own pollen. Kolreuter, also," gives the case of three garden plants
of Verbascum phaniceum, which bore during two yem many flowers ;
these he fertilised sncwssfu]ly wlth the pollen of no less than
four distinet species, but they produced not a seed with their own
npparently good polien; ebesqtiontly thesq same plants, and others

raised fro assumed @ strangely fluctuating condition, being
!emporarlly swnle on the male or female side, or on both sides, and
sometimes fertile on hoth sides; but two of the plants were perfectly
fertile throughout the summer.

ith Reseda odorata have found certain individuals quite sterile
with their own pollen, and o it 1 with the mdlgenons Reseda lutea,
The self-sterile plants of both sj W fectly fertile when
crossed with pollen from any e St imidual ot the e species.
These observations will hereafter be published in another work, in
which 1 shall also show that sceds sent to me by Fritz Miller

lants of Eschscholtzia californica which were quite
self.sterile in Brazil, yielded in this country plants which were only
s]]g'htly self-sterile.

t appears® that certain flowers on certain plants of Lilium
Py can be fertilised more freely by pollen from a distinet
mrhvxdnal than by their own. So, again, with the varieties of the

tato. _Tinzmann,” who made many trials with this plant, says
Tt pollen from another variety sometimes  exerts a powerful
« influence, and I have found sorts of potatoes which would not
« bear seed from impregnation with the pollen of their own flowers
“ would bear it when mpmgumd with other pollen & u does
not, however, appear to have been proved that the hich
Ry L ol bl stigma was in itself good

In the genus Passiflora it has long been known that several
species do not produce fruit, unless fertilised by pollen taken from
dﬁsunct 4 dpocies: thus, Mr. Mowbray™ found that he could not get
m P. alata and racemosa except by reciprocally fertilising g

them wnh each other’s pollen; and similar facts have béen observ
d France” T have received two accounts of P,

P producing fruit from its own pollen, but
Smng 50 freely when fertilised in one case with the Xllen of P
ut in three

carulea, and in another case with that of 2. edulis.

4 swite Forestome) a. 104
“Dritte Forts.,’s. 40. Mr. Scott li

developed : *Journal Asiatic Soc. Ben-
galy’ 1867, p. 150.

wise fertilised fity-four fowers of

mphamiceun, including two
varieties, with their own pollen, and
not a single capsule was produced.
Many of the pollen - grains emitted
their tubes, but only a few of them
penetrated the stigmas; some slight
effect however was produced, as many
of the ovaries became somewhat

% Duvernoy, quoted by Giirtner,
¢Bastardorzengung.”
7 < Gardener’s Chre

e 1846, p.

3.
™ ¢ Transact. Hort. Soc.” vol.
1830, p. 95,
7 Prof. Lecoq, * De la Fécondation,’
1845, p. 70; Girtner, * Bastarder-
4.

i,
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other cases this species fruited freely when fertilised with its own
pollen and the writer in one case attributed the fayourable result
the temperature of the house having been raised from 5° to 10°
Flhr above the former temperature, after the flowers were h.mlme\i il
With respect to /. lanrifolia, a cultivator of much experience has
recently remarked* that the flowers “must be 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
snh]act have been given by Messrs. Seott and Robertson Munro:*
its of Fassiflora racemosa, carulea, and alata il profusely
g many years in the Botanic Gardens of Edinburgh, and,
ﬂmugh repeatedly fertilised with their own pollen, never produced
any seed; yet this occurred at onee withall three species when they
yaro crossed together in various ways. In the case of P. carulea
three plants, two of which grew in the Botanic Gardens, were all
rendered iemle merely by impregnating each with pollen’ of one of
theothers. ‘The same result was attained in the same mamlex w1th
P. dlata, but wnh only one plant out of three. As so m:
a(enle species of Passiflora have been mentioned, it shollld be
ted that the flowers of the annual P, gracilis are nearly as fertile
m(h their own pollen as with that from a distinet plant; thus
sixteen flowers spontaneously self-fertilised produced fruit, each
containing on an average 213 secd, whilst fruit from fourteen
crossed flowers contained 24°1 see
Returning to P. alata, T hnvo rewlvml (1866) some interesting
details from Mr. Robertson Munro. lants, ineluding one in
England, have already been mennoned wgmh were inveterately
self-sterile, and Mr. Munro informs me of several others which,
after repeated trials during many years, have been found in the
same predicament. At some other places, however, this species
fruits readily when fertilised with its own pollen. At Taymouth
Castle there is a plant which was formerly grafted by Mr. Donaldson
on a distinet species, name unknown, and ever since the operation
it has produced fruit in abundance by its own pollen; so that this
small and unnatural change in the state of this plant has restored
its self-fertility! Some of the seedlings from the Taymouth Castle
it were found to be not only sterile with their own pollen, but
with each other’s pollen, and with the pollen of distinet 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 were raised from this latter union, and
some of their flowers were fertilised by Mr. Munro with their own
pollen; but they were found to be as self-impotent as the mother-
plant had always proved, except when fertilised by the grafted

¢ Gard. Chron.,’ 1808, p. 1341 vol. viii, 1864, p. 1168. Mr. Rnben»

' ® (Gardener’s Chron.’ 1866, p. son Munro, in ‘ Trans. Bot. Soc

1068, Edinburgh, vol. ix. p. 399.
8 ¢ Journal of Proc. of Linn. Soc.,’
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aymonth plant, and oxeopt,us wo sl see whon frtlsed by hee
. Munto fertilised eighteen flowers on the self-
fmpotent mother—p!ant “with pollen from these her own self-impotent
scedlings, and obtained, remarkable as the fact is, eighteen fine
capsules full of excellent seed! I have met with no case in ro
to plants which shows so well as this of . alata, on what small and
‘mysterious causes complete fertility or complete sterlity depends.

The facts hitherto given_relate to the much-lessened or
completely destroyed fertility of pure species when impreg-
nated with their own pollen, in comparison with their
fertility when impregnated by distinct individuals or distinct
species ; but closely analogous facts have been observed with
hybrids.

Herbert states™ that having in flower at the same time nine
hybrid Hippeastrums, of complicated origin, descended from
several species, he found that “ almost every flower touched with
“polln trom another cross produced sead abundanly,

¢ which were fouched with their own pollen gther fuled entirely,
“ or formed slowly a pod of inferior size, with seeds”

the * Horticultural Journal” he adds that * the il

“ pollen of another cross-bred Hippeastrum (however complicated
“ho cross) to any one flower of the number, is almost sure to
¢ ohek tho frustification of the others.” T a ftfer writien to me

in 1889, Dr. Herbert says that he had already tried these experi-
‘ments during five conseoutivo years, and ho subscquently repeated
them, with the same invariablo resulf. He was thus led to make an
analogous trial ona. namely, on the
which ho had lately imported from Brazil: this bulb produced
four flowers, three of which were fortilised by their own pollen, and
tho fourth, by tho pollen of u triplo cross between I, bulhlosum,
regine, and vittatum ; the result was, that  the ovaries of the
et Hiowens do bated furiiow, i Khab's:fovideys parihod
“entirely: whereas the pod impregnated by the hybrid made
“ vigorous and rapid progress to maturity, and bore good seed,
“ which vegetated freely.” This is, indeed, as Horbert remarks,
“ strange truth,” but not so strange as it then appeared.

As a_confirmation of these statements, I 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 o abundantly from their own
“ pollen as from that of others.” So, again, Mr. Bidwell, in New

w2 ¢ Amaryllidacen,’ 1837,
¢Journal of Hort. Soc. vol.
P- 19

. 3715 % Loudon's ¢ Gardener’s Magazine
1847,  vol. xi, 1835, p. 260.
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‘Sonth Wales,® asserts that Amaryllis belladonna bears many more
und. when fertilised by the pollen of Brunswigia (Amaryllis of some
authors) jospline or of B. multifiora, than when fertilised by its
‘own pollen. ~ Mr. Beaton dusted four flowers of a Cyrtanthus with
their own pollen, and four with the pollen of Vallota (Amary Juu)

igwpre ; on the seventh dny “those which received their o
llen slackened their growth ultimately perished ; thoso
I e oo it oo \nlloh )|eld on.”* "These Itter cases,
hnwem, relate to uncrossed species, like those before given with
1o Passiflora, Orchids, &c., and are here referred to only

because the plants belong to the same group of Amaryll

Tn the experiments on the hybrid Hippeastrums, if Herbert had
found dmtq:m llen of two or three kinds alone had been more
efficient on oemm kinds than their own pollen, it might have been

‘ at these, from their mixed parentage, had a closer mu
3 ity than the othors; but this caplanation i inadmissible, for
~the trials were made reciprocally bac! L\\ards and forwards on nine
different hybrids; and a cross, whichever way taken, always proved
highly beneficial, 1 can add a stnkmg mld analogous ease from
experiments made by the Rev. A. Rawson, of Bromley Common,
‘with some complex hybrids of Gladiolus, This skilfal horticul:
turist a number of French varicties, differing from eac
‘other only in the colour Mld size of the flowers, all descended from
wensis, a well-known old hybrid, said to be descended from
i Sotalensis 1 the pollen of . oppositiflorus.® Mr. Rawson, after
tnnls found that none of the varieties would set. seed with
llen, although taken from distinet plants of the same
.{ ‘h had, of course, been propagated by bulbs), but that
needed freely with pollen from any other variety. To give
4wo examples: Ophir did not produce a capsule with its own po]len,
but when feriilisad with that of Janire, lirellchlc\emm, Vuleain
é, it produced ten fine capsules; but the pollen of Ophir
good. ‘ot when Linné was fortilisod by it seven capeules wero
‘This latter varicty, on the other hand, was utterly
mth its own pollen, which we have seen was perfectly
@dm Ophir, Altogether, Mr. Rawson, in the year 1861,

r
E
i
F
i

twenty-six flowers borne by four varieties with pollen

from other varicties, and every single flower produced a_fino
ipsule; whereas fifty-two flowers on the same plants, fertilised
; ‘ the same time with their own pollen, did not yield a single sced-
i feriiond. 1 somaa cases, tho ltarate owers,

o

- ™ <Gandener’s Chronicle,’ 1850, p. Hnn > msx p 4‘.3 Lemlq. however

De | 2, p. 369), states

from

3 7 but this

find,on s opy to Herbert's expenenu,

, that they R i ot et s species.
ing winter, could not be crossed.

% Mr, D. Beaton, in *Journal of

“Journal Hort. Soc. vol. v. p.
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and i other casesall thoso down one s of tho spike, with pollen
of other varicties, and the remnining flowers with their own pollen.
I saw these plants when the capsules were nearly mature, and
their curious arrangement at onco brought full eonviction fo-the
mind that an immense advantage had been derived from crossing
these hybrids.

L.suy, T havo | henrd from Dr. . 1 Bamet of Antibes, who has
mi rous spocies of Cistus, but
e sniin e thnf et any of thesc ybrids
are fertile, they may be said to be, in regard to function, di
il lowers mrasiays! el aas iy sttty
“ pollen taken from the same flower or from flowers on the sume
« plant. But they are often fertile if pollen be employed from a
« distinet individual of the same hybrid nature, or from a hybrid
“made by a reciprocal cross”

Conclusion.—That plants should be self-s steule, although
both sexual el i in a fit state for aj T8
at first sight opposed to all analogy. With respect to the
species, all the individuals of which are in this state, although
living under their natural conditions, we may conclude that
their self-sterility has been acquired for the sake of effectually
preventing self-fertilisation. The case is closely analogous
with that of dimorphic and trimorphic or heterostyled plants,
which can be fully fertilised only by plants belonging to a
different form, and not, as in the foregoing cases, indifferently
Dy any other individual of the species. Some of these hetero-
styled plants are completely sterile with pollen taken from
the same plant or from the same form. With respect to
species living under their natural conditions, of which only

certain individuals are self-sterile (as with Reseda lutea), it
mpmhable that these huvebeenmndeted self-cterlle toenmue

ion, whilst other indi have
remained self-fertile to ensure the propagation of the species.
The case seems to be parallel with that of plants which
produce, as Hermann Miller has discovered, two forms
—one bearing more conspicuous flowers with their structure
adapted for cross-fertilisation by insects, and the other form
with less conspicuous flowers adapted for self-fertilisation.
The self-sterility, however, of some of the foregoing plants
is incidental on the conditions to which they have been
subjected, as with the Eschscholtzia, the Verbascum phoe-
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niceun (the sterility of which varied according to the season),
and with the Passiflora alata, which recovered its self-fertility
when grafted on a different stock.

It is interesting to observe in the above several cases the
graduated series from plants which, when fertilised by their
own pollen, yield the full number of seeds, but with the
seedlings a little dwarfed in stature—to plants which when
self-fertilised yield few seeds—to those which yield none,
but have their ovaria somewhat developed—and, lastly, to
those in which the plant’s own pollen and stigma mutually
act on one another like poison. It is also interesting to
observe on how slight a difference in the nature of the pollen
or of the ovules complete self-sterility or complete self-fertility
must depend in some of the above cases. Bvery individual
of the self-sterile species appears to be capable of producing
the full complement of seed when fertilised by the pollen of
any other individual (though judging from the facts given
with respect to Abutilon the nearest kin must be excepted) ;
but not one individual can be fertilised by its own pollen.
As every organism differs in some slight degree from every
other individual of the same species, so no doubt it is with
their pollen and ovules; and in the above cases wo must
believe that complete self-sterility and complete self-fertility
dapend on such slight differences in the ovules and pollen, and
not their having been differentiated in some special manner
in relation to one another ; for it is impossible that the sexual
clements of many thousand individuals should have been
specialised in relation to every other individual. In some, how-
ever. of the above cases, as with certain Passifloras, an amount
of differentiation between the pollen and ovules sufficient
for fertilisation is gained only by employing pollen from a
distinct species ; but this is probably the result of such plants
having been rendered somewhat sterile from the unnatural
conditions to which they have been exposed.

. Exotic animals confined in menageries are sometimes in"
nearly the same state as the above-described self-impotent
plants ; for, as we shall sce in the following chapter, certain
monkeys, the larger carnivora, several finches, geese, and
ts, cross together, quite as freely as, or even more.
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freely than the individuals of the same species breed together.
Cases will, also, be given of sexual incompatibility between
certain male and female domesticated animals, which, never-
theless, 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 individuals belonging to distinct families of the
same race, or to different races or species, gives increased sizo
and constitutional vigour to the offspring, and, except in the
case of crossed species, increased fertility. The evidence
rests on the universal testimony of breeders (for it should be
observed that I am not hero speaking of the evil results of
close interbreeding), and is i ified in the
higher value of cross-bred animals for i i D
tion. The good results of crossing have also been demon-
strated with some animals and with numerous plants, by
actual weight and measurement. ~Although animals of pure
blood will obviously be deteriorated by crossing, as far as
their ch istic qualities are there seems to be
no exception to the rule that advantages of the kind just
mentioned are thus gained, even when there has not been any
previous close interbreeding; and the rule applies to such
animals as cattlo and sheep, which can long resist breeding
in-and-in between the nearest blood-relations.

In the case of crossed species, although size, vigour, pre-
cocity, and hardiness are, with rare exceptions, gained, for-
tility, in a greater or less degree, is lost; but the gain in the
above respects can hardly bo attributed to the principle of
compensation ; for there is no close parallelism between tho
increased size and vigour of hybrid offspring and their
sterility. Morcover, it has been clearly proved that mongrels
which are perfectly fertile gain these same advantages as well
as sterile hybrids.

With the higher animalsno special adaptations for ensuring
occasional crosses between distinct families seem to exist,
The eagerness of the males, leading to severe competition
between them, is sufficient; for even with gregarions animals,
the old and dominant males will be dispossessed after a time,
and it would be a mere chance if a closely related member
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of the same family were to be the victorious successor, The
structure of many of the lower animals, when they are
hermaphrodites, is such as to prevent the ovules being fer-
tilised by the male element of the same individual; so that
the concourse of two individuals is necessary. In other cases
the access of the male element of a distinct individual is
at least possible. With plants, which are affixed to the
grmmd and cannot wander from place to place like animals,
are wonder-
fnuy perfect, as has been adnitiod by every one who has
studied the subject.

* 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, like a
superstition, prevail widely; yet it is difficult to suppose that
80 many acute observers have all been deceived at the expense
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 number of generations. There is good reason to
believe that by keeping the members of the same family in
distinet bodies, especially if exposed to somewhat different
conditions of life, and by occasionally crossing these families,
the evil results of interbreeding may be much diminished or
quite eliminated. These results are loss of constitutional
vigour, size, and fertility; but there is no necessary dete-
rioration 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 becomo extremely infertile when paired
with their near relations. The loss of fertility, when it
occurs, seems mever to be absolute, but only relative to
animals of the same blood ; so that this sterility is toa certain
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extent with that of self-impotent plants which
canmot be fertilised by their own pollen, but are perfectly
fertile with pollen of any other individual of the same species,
The fact of infertility of this peculiar nature being one of the
vesults of long-continued interbreeding, shows that inter-
breeding does not act merely by combining and angmenting
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 not necessarily
deteriorated in structure, yet some authors believe that they
are eminently liable to malformations; and this is not im-
probable, 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 that evil follows from close interbreeding, and when
we bear in mind that with very many organisms claborate
provisions have been made for the occasional union of distinct
individuals, the existence of a great law of nature is almost
proved; 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 injurious.
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CHAPTER XVIII.

ON THE ADVANTAGES AND DISADVANTAGES OF CHANGED
CONDITIONS OF LIFE: STERILITY FROM VARIOUS CAUSES.

ON THE G0OD DERIVED FROM SLIGHT CHANGES IN THE CONDITIONS OF LIFE
~—STERILITY FROM CHANGED CONDITIONS, IN ANIMALS, IN THEIR NATIVE
COUNTRY AND IN MENAGERIES—MAMMALS, BIRDS, AND INSECTS—LOSS OF
SECONDARY SEXUAL CHARACTERS AND OF INSTINCTS—CAUSES OF STERILITY
—STERILITY OF DOMESTICATED ANIMALS FROM CHANGED CONDITIONS—
SEXUAL INCOMPATIBILITY OF INDIVIDUAL ANINALS—STERILITY OF PLANTS
EHOM CHANGED CONDITIONS OF LIFE—CONTABESCENCE OF THE ANTHERS
—MONSTROSITIES AS A CAUSE OF STERILITY—DOUBLE FLOWERS —SEEDLESS
PRUIT—STERILITY FROM THE EXCESSIVE DEVELOPMENT OF THE ORGANS

or > N BY BUDs—
CIPIENT STERILITY THE PRIMARY CAUSE OF DOUBLE FLOWERS AND
SEEDLESS FRUIT.

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 armived at in the last
chapter, namely, that benefits ensue from crossing, and that
itis a law of nature that all organic beings should occasionally
cross, it appeared to me probable that the good derived from
 slight changes in the conditions of life, from being an analo-
gous phenomenon, might serve this purpose. No two indi-
viduals, and still less no two varieties, are absolutely alike
in constitution and structure; and when the germ of one is
fertilised by the male element of andther, we may believe that
it s acted on in a somewhat similar manner as an individual
when exposed to slightly changed conditions. Now, every
one must have observed the remarkable influence on conva-
lescents 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 one soil or place to
another as different as possible.
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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 wrote shortly after the Christian era, to the prosent day ; and
it now prevails in England, ance, and Germany.! A sagacious
gbsorver, Bradley, writing in 1724 says, * When wa once bocome
“ Masters of a good Sort e shonld at least put it into
« T o Phreo Hands, e A o b Bt
“ ferent as possible; and every Year the Parties should chango
& yith ono anothar; by whioh Means, I find: the Goodnses of the
i el sl 4 gD

e many Farmers have failed in their Crops and been great
i Lasers Ho then gives his own practical experienco on this
head. A modern othing can be more clearly
abiished i ngnc\lltum than that the continual growth of any
“ one variety in the same district makes it liable to deterioration
“ cither in quality or quantity.” Amother writer states that ho

sowed close fogether in the samo field two lots of wheat-seed, the
product of the same original stock, one of which had been grown
on the same land and the other at a distance, and the difference in
favour of the crop from the latter seed was remarkable, A gentle-
man in Surrey who has long made it his business to raise wheat to
sell for seed, and who has constantly realised in the market higher
prices than others, assures me that he finds it indispensable con-
Fiually to change his seod; and that for this purpose ho keepe two
farms differing much in soil and elevation.

With respect to the tubers of the potato, I find that at the present
day tho practico of exchanging sefs i almost everywhers followed,
The great growers of potad rmerly used to get
fubers from Scotland, but thay et 5. change from tho
moss-lands, and vice versd, was generally sufficient.” In former
times in_France the crop of potatoes in the Vosges had become
Teduced in the course of fifty or sixty years in the proportion from
120-150 to bushels; and the famous Oberlin attributed the
wexpiiaiog g whichJin ffsoted inlacee Dark 1 Glisniias e sl

A well-known practical gardener, Mr. Robson,® positively states

ON THE GOOD DERIVED

Rev. D. Walker's ‘Prize Essay of
Highland Agricult. Soc.,’ vol. i.
200. Also Marshall's * Minutes of

i For England, sce below. For
Germany,seetsge, etredenrten,
1841, 5. 63, For France, Loiseleur-

Daslioghaimpn (e bt ias
Céréales,’ 1843, p.
‘merous references on this subject. For
Southern France, sea Godron,  Florula
Juvenalis,’ 1854, p. 28.

A Geneml Tmm. of Hus-

bandry, . p. 5
&, ‘(mnlzner: Lhmnlcle and Agri-
cult. Gazette,’ 1858, p. 247 5 and for
the second statement, Thid., 1830, p.
702. On this same subject,

Agrieulture,’ November, 1775.

* Oberlis “emoirs Eng. transe
lat,, or Lancashire, see
Maiabaits ‘Revxewal‘ﬂepum 1808,

i ‘Canuge Gardener,’ 1856, p. 186,
For Mr. Robson's subsequent state-
ments, see ¢ Journal of Horticulture,’
Feb. 18, IEBS p- 121, For Mr,
Abbey’s remarks on grafting, Scy
hid,, July 18, 1865, p. &
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that he has himself witnessed decided advantage from obtaining
bulbs of the guion, tubers of the potato, and various seeds, all of
the same kind, from different soils and distant parts of England.
He farther states that with plants propagated by cuttings, as with
the Pelargonium, and especially the Dahlia, manifest advantage is
derived from getting plants of the same variety, 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 on
“ another, 0 as to afford the change that seems so necessary to the
“ well-being of the plants” Ho maintains that after a time an
exchange of this nature is “forced on the grower, whether he be
“prepared for it or not” Similar remarks have been made by
another excellent gardener, Mr. Fish, namely, that cuttings of the
same variety of Calceolaria, which he obtained from a neighbour,
“showed much greater vigour than some of his own that were
“ treated in exactly the same mamner,” and he attributed this
solely to his own plants having becore * to a certain extent worn
“ ot or tired of their quarters.” Something of this kind appar-
ently occurs in grafting and budding fruit-trees; for, according to
Mr. Abbey, grafts or buds generally take with greater facility on
a distinet variety or even species, or on a stock previously grafted,
than on stocks Taised from seeds of the variety which is to be
grafted ; and he believes this camnot be altogether explained by
the stocks in question being better adapted to the soil and climate
of the place. 1t 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 become unhealthy.

ve studied M. Tessier’s careful and elaborate experiments,*
made to disprove the common belief that good is derived from &
change of seed ; and he certainly shows that the same seed may
with care be cultivated on the same farm (it is not stated whether
on exactly the same soil) for ten consecutive years without loss.
Another excellent observer, Colonel Le Couteur,’ 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 sced for land prepared with lime, and that again
« ecomes seed for land dressed with ashes, then for land dressed
« ith mixed manure, and so.on.” But this in effect is a systematic
exchange of sced, within the limits of the same farm.

On the whole the belief, which has long been held by many
eultivators, that good follows from exchanging seed, tubers,
&e., seems to be fairly well founded. Tt seems hardly credible
that the advantage thus derived can be duc to the seeds,
especially if very small ones, obtaining in one soil some

8 Mém. de 1"Acad. des Sciences,’ 7 ¢On the Varieties of Wheat,' p*
1790, p. 209, 52,

VOL. 1L K
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chemical element deficient in the other and in sufficient
quantity to influence the whole after-growth of the plant.
As plants after once germinating are fixed to the same spot,
it might have been anticipated that they would show the
good effects of a change more plainly than do auimals which
continually wander about; and this apparently is the case.
Lifo depending o, or consisting in, an incessant play of the
most complex forces, it would appear that their action is
in some way stimulated by slight changes in the ciroum-
stances to which each organism is exposed. All forces through-
out nature, as Mr. Herbert Spencer® remarks, tend towards
an equilibrium, and for the life of each organism it is neces-
sary that this tendency should be checked. These views and
the foregoing facts probably throw light, on the one hand,
on the good effects of crossing 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.

1 will now attempt to show that animals and plants, when
yemoved from their natural conditions, are often rendered in
some degree infertile or completely barren ; and this ocours
even when the conditions have not been greatly changed.
This conclusion is not necessarily opposed to that at which
we have just arrived, namely, that lesser changes of other
kinds are advantageous to organic beings. Our present
subject is of some importance, from having an intimate con=
nection with the causes of variability. Indirectly it perhaps
bears on the sterility of species when crossed : for as, on the
one hand, slight changes in the conditions of life aro favour-
able to plants and animals, and the crossing of varicties adds

® Mr. Spencer has fully and ably
discussed this whole subject in_hi
“Principles of Biology,’ 1864, vol.
o In the first edition of my
“Origin_of Species, 1859, p. 267, 1
spoke of the good effects from slight
changes in the conditions of life and

from cross-breeding, and of the evil
effects from great changes in the con-
ditions and from crosing widely dis-
tinct forms, as a series of facts * con

unknown bond, which is_essentially
related to the principle of life.”
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to the size, vigour, and fertility of their offspring; so, 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 relation to
each other.

1t is notorious that many animals, though perfectly tamed,
refuse to breed in captivity. Isidore Geoffroy St.-Hilaire®
consequently has drawn a broad distinction between tamed
animals which will not breed under captivity, and truly
domesticated animals which breed freely — generally more
freely, as shown in the sixteenth chapter, than in a state of
nature. It 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
seattered through various works, and especially from a Report,
Xkindly drawn up for me by 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 but produced no offspring, as well
as the cases in which they never, as far as known, coupled.
This MS. Report I have corrected by the annual Reports
 subsequently published up to the year 1865 Many facts
are given on the breeding of the &mmlls in that magnificent
work, ¢ Gleanings from the M f Knowsley Hall,’ by
- Dr. Gray. T made, also, particular i mqmne! from the expe-
sienced keeper of the birds in the old Surrey Zoological
Gardens. I should premise that a slight change in the treat-
‘ment of animals sometimes makes a great difference in their
fertility ; and it is probable that the results observed in
g ‘hu de Zoologie Générale,’

kept, and of these 1 species in 19
have bred at least once during the
20 years; of 28 Marsupialia, 1 ma 5
o havebred ; of 74 Carnivora, 1 in
B e have bml f 5

a list of the species of m have

which have bred in the gardens lpaclu hm ok kept, and 1in 62
Q8B o107 incusve. Ofthe  har

ies have been

K2
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difforent menageries would differ. Indeed, some animals in
our Zoological Gardens have become more productive since
the year 1846, Tt is, also, manifest 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, however, are afforded by animals
Kept in their native country, which, though perfectly tamed, quite
hedthy and allowed some freedom, are absolutely incapable of

Rengger,” who in Paragiay particularly attended to
this nub)ect specifies six quadrupeds in this condition; and he
entions two or three others which most rarely breed, Mr, Bates,
in his admirable work on the Amazons, strongly insists on similar
cases; ™ and he remarks, that_the fact of thoroughly tamed native
mammnls and birds not breeding when kept by the Indians, cannot
wholly accounted for by their negligence or indifference, for
ﬂle turkey and fowl are kept and bred by varions remote tribes,
In almost every part of the world—for instance, in the interior of
Africa, and in several of the eslln lslund&—lhe natives are
extremely fond of taming the % uadrupeds and birds;
but they rarely or never succeed ;:ettmg b ey i
most notorious case of an animal not breeding in camlnty
is that of the elephant, Elephants are kept in large numbers in
their native Indian home, live to old age, and are vigorous enough
for the severest labour; yet, with a very few exceptions, they have
own even to couple, though both males and femllen
.have their proper periodical seasovs, If, however, we b
Imle eastward to Ava, we hear from Mr. Crawfurd™ that thelr

“ breeding in the domestic state, or at least in the half- -domestic
state in which the femn]e ele) &Ems are ganamlly kept, i i of every-
day oceurrence;” and rd informs me that he believes
ﬂ.\lt the difference must be attributed solely to the femnles being
allowed to roam the forest with some degree of freedom. The
captive rhinoceros, on the other hand, seems from Bishop Heber's
account to breed in India far more mndlly than the ele ohant,
Four wild mes of the horse genus have bred in Euro wugh
here exposed to a great change in ﬂxelr S o hahi of llfu but
the species e generally been crossed one with another. Most of

" Da Rut, ¢ Anales du Muséum,’ 1863, val. i. pp. 99, 193 vol. i, pu
113,

W ‘Embnuy to the Court of Ava)
vol.i.
't Jouranly vol. 1. p. 918,

249,
E ”rhc Numlm on the Amazons,”

© The Complete Work of Charles Darwin Online



Cuar. XVIIL CHANGED CONDITIONS, 133

thbmemben of the pig family breed readily in our menageries;

even the Red River hog (Potamocharus penicillatus), from the

nwalm—mg glnnn of West Africa, has bred twice in the Zoological

ere also the Peccary (Dicotyles torquatus) has bred

hmea but another species, the . labiatus, thovgh ren-

dered so tame as to be)m.lf-dmmcated dwbmdsomey
in its native country of Paraguay,

Tequires confirmation. Mr. Bms remarkx um the mpu-,

though often kept tame in Amazonia by the Indians, never

s.

Ruminants general ({l‘;)md quite freely m England, thongh

hmugm from widely different climates, as y be seen-in the

n. Rey Fom of the Zoological Gardens, and in the Glmnmgl
TLord Derby’s menagerie.

The Carnivora, with the exception of the Plantigrade division,
breed (though with cnpnc)ous exceptions) about half as freely as
ruminants.  Many species o Felidm have bred in various mena-

ies, although imported from diverse climates and closely con-

r. Bartlett, the present suporm(ondem of the Zoological
Gardens,"” remarks that the lion appears to breed more frequently
and to bring forth more young at a birth than any other species of
the family. He adds that the tiger has rarely bred; “but there
are several well-authenticated instances of the female ugn bmsd
ing with the lion.” Strange as the fact may appear, man;
ander confinement nite with distinet species and i h)brxd.l
gne as freely as, or even more freely than, with their own species,
inquiring from Dr. Falconer and others, it appears that the
tiger when confined in India does not hreed though it has been
known to couple. The chetah (Felis jubata) has mever been
known by Mr. Bartlett to breed in England, but it has bred at
Frankfort; nor docs it xmd in India, where it is kept in large
numbers for hunting ; but no pains would be taken to make them
breed, as only those animals which have hunted for themselves in
a state of uature are serviceable and worth training®  According
10 Rengger, two species of wild cats in Paraguay, though mmnghly
tamed, have never bred. Although so many of the Felidm breed
readily in the Zoological Gardens, yet ouneephon et
always follows union  in the nine-year Report, various species are
specified which were observed to cunple seventy-three_times, and
10 doubt this must have passed many times unnoticed ; yuf
the seventy-three unions only fifteen births ensued. The Carmvom
in the Zoological Gardens were formerly less freely exposed to the
air and cold than at present, and this change of treatment, as I was
assured by the former superintendent, Mr. Miller, greatly increased
temi Mr. Bartlett, and there cannot be a more capable

14 ¢ Siugethiere,’ s. 327, 140,
i On the Breeding of the Larger 1 Sleemnns “Rambles in India,’
Felidw, * Proc. Zoolog. Soe.," 1861, p.  vol. ii. p. 10.
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judge, says, “ it is remarkable that lions breed more freely in
“ traveling collections than in the Zoological Gardens ; probably
“ the 1t excitement and irritation prod
« place o blace or change of air, may have Gkt b
“ in the matter
Many members of the Dog family breed readily when confined.
The Dholo s ano e atan India, yet &
pair kept there by Dr. Falconer produced young. Foxes, on the
other hand, rarely breed, and I have never heard of such an oceur-
rence with the European fox: the silver fox of North America
(Cands argentatus), however, has bred soveral times in the Zoo-
logical Gardens. Even the otter has bred there. Fvery one
knows how readily the semi-domesticated ferret breeds, though
shut up in miserably small cages; but other species of Viverra and
joxuras absolutely refase to breed in the Zoological Gardens.
51 Giiaris bax T Teai i il in Ahe Tbrd i o Plactad’ i
produced hybrids. The Herpestes fusciatus has likewise bred; but T
was formerly assured that the 7. griscus, though many were kept
in the Gardens, never
The Plantigrade Carnivora breed under confinement much less
freely than other Carnivora, although no reason can be assi
for this fact. In the nine-year Report it is stated that the bears
nd been seen in the Zoological Gardens to couple frecly, but
previously to 1848 had most rarely eonceived. In the Reports
ublished e A b ihets species have produced young
ybrids in one case), and, wonderful to relate, the white Polar
has produced young. The badger (Meles turus) has
several times in the Gardens; but T have not heard of this occurring
elsewhere in England, and the event must b very rarc, for an
instance in Germany has been thought worth recording® In
Paraguay the mmve Nasua, though kept in pairs during many

years and perfectly tamed, has never been known, according to
Bnn or o bred or show any sexual pusion; wor, as 1 hear from
s, does this animal, or the Cercoleptes, breed in Amazonia.

Twu other Planhgnde enera, Procyon S "Gulo, though often
kept tame in Paraguay, never breed there. In the gical
Gardens specles i it Procyon have been seen to couple,
but they did not produce young.
As domesticated rabbits, gmnmﬂ igs, and white mice breed
so0 abundantly when closely confined under various climates, it
ht have been thought ‘that most other membors of the Rodent
«f would have bred in eaptivity, but tlus is not the
Tt doserves notice, as showing How the eapacity to breed scmotind
by affinity, that the one mative rodent of Paraguay, which
there breeds freely and has yielded successive generations, is the
Cavia apera ; and_ this animal is so closely allied to the guinea-pig,

1 Wiegmann's ¢ Archiv fiir Naturgesch,’ 1837, 5. 162.
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that it has been erroncously thought to be the parent form®* In
the Zoological Gardens, some rodents have coupled, but have never
luced young ; some have neither coupled nor bred but a few
e bred, as the porcupine more than once, the 'y mouse,
lemming, chinchilla, and agouti (Dasyprocta aguti) everal timen:
This latter animal lias also prodnced young in Paraguay, though
they were born dead and ill-formed ; but in_Amazonia, according
{0 Mr. Bates, it never breeds, though often kept tame_about the
houses. Nor does the paca (lem]enyl paca) breed th ere The
common hm'c when confined has, I believe, never b
though, according to-a_recent statement, it has casmed. wlth The
Tabbit# I have never heard of the dormouse breeding in confine-
ment But squirrels offer a more curious case : with one exception,
10 species has bred in the Zoological Gardens, yet as many as
fonrteen individuals of S. palmarum were kept together durin
several years. The 8. cinera has been seen to couple, but it b
not produce young; nor has this species, when rendered extremely
fame in its native country, North America, been ever known fo
breed® At Lord Derby’s menagerie squirrels of many kinds were
kept in numbers, but Mr. Thompson, the superintendent, wld me
{hat none had ever bred there, or elsewhere as ew.
1 have never heard of the English squirrel breeding in mnﬁnement.
But fho species which bas bred more than once in the Zoological
Gardens is the one which perhaps might have been leut exyemd
namely, the fiying squirrel (ac:umptenu volucella) :
geveral times near Birmingham ; but the femnls ! pm-
duced more than two young at a birth, whereas in its native
American home she bears from three to six
Monkeys, in the nine-year Report from Yo 7 Toological Gardens,
are stated to unite most freely, but during this period, though
many individuals were kept, there were only seven births. I have
heard of only ome American monkey, the Ouistiti, breeding in
Europe A Macacus, according to Flourens, bred in Paris; and

= Rengger, ¢ Siugethiere, &
276, On the parentage of the guinea-
g&:a also Isid. Geoffroy St.-Hilaire,
G I sent to Mr. H.

Leeds the lice which I
lleteci from the will aperea in La

Leporides, as described by Dr. Broca
Tosssal de Phys,’ tom. . p. 870),

Hist.’ vol. xx., 1867, p. 75) affirms that

Plata, and he informs me that they
belong to a genus distinct from those
found on the guinea-pig. This is
important evidence that the aperea is
ot the parent of the guinea-pig ; and
is worth giving, as some authors erro-
neously suppose that the guinea-pig
since being domesticated has become
sterile when crossed with the aperea.

# Although the existence of the

the hare and rabbit have produced
hybrids.

# ¢ Quadrupeds of North Amnnu,
by Audubon and Bachman, 1846,

268.
¥ Loudor's <Mag. of Nat, Histt
1836, p. 571 ; Audubon and
i £ Gaadrmsot ol it

America,’ p.
™ Floarens, ‘Do Plastinet;’ o,
1845, p. 88.
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more than one species of this genus has produced young in London,
especially the Macacus riiesus, which everywhero shows a_special
capacity to breed under confinement. Hybrids have been produced
both in Plnl and London from ““En same geg\m The Ambnm

baboon, and o
biod 1 the Zeslowial Gardens, and. fho latter specics ot tho Duka
of Northumberland’s, _Several

have produced hybrids in the Zoological Gardens. It is much
moro zomarkablo that moulkeys very arly breed when confied

in their native country; thus the Cay (Cebus azare) is frequently
and completely tamed 11 ngnay, but Rengger® says that it breeds
50 rarely, that he never saw more than two females which had
produced young. A similar observation has been made with respect
fo the monkeys which are froquently tamed by tho aborigines in
In Amazonia, these animals are so often kept in a tame

state, ihat Mr. Bates in walking through the streets of Pard connted
thirteen species; but, as he asserts, they have never been known to
breed in captivity.

STERILITY FROM

Birds.

ffer in some respects better evidence than quadrupeds,
fmm thelr breeding more rapidly and being kept in greater

‘We have seen that carnivorous animals are more
ferhle \mdel' confinement than most other mammals. The re
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 country in the finest condition, and have been flown during
six, eight, or nine years;® yet there is no record of their having
ever produced youne. As these birds were formerly canght whilst
young, at great expense, being imported from Iceland, Norway,

# Seo ¢Annual Reports Zoolog.
Soo: 1855, 1656, 1865, 1864, Times’
sewsgaper; hug 10tk 1847; Flou-

ns, ¢ De Plnstinet,’ p. 85.
™5 ¢ Siugethierey S 5. 34, 49.
* Art. Brazil, *Penny Cyclop., p

L The Nataraliston the Amazons,”
vol. i. p.

5P of the species of birds
which have bred in the Zoological
Gardens from 1848 to 1867 inclusive
has been_published by Mr. Sclater
in ¢ Proc. Zoolog. Soc.,” 1869, p. 626,
since the first edition of this work
appeared.  Of Columbe 51 species
have been kept, and of Anseres 80
species, and in both these families, 1

spocioin 2°6 Bave brd at et once

the 20 years. Of Galline, 83
cies ept, and 1 in 27
Yave bied of S7 Gralle, 1 in 9 have
bred; of 110 Prehensores, 1 in 22
have bred; of 178 Passeres, 1 in
254 have bred; of 94 Accipitres,

1 in 47 have bred ; of 25 Piearie, and
of 85 Herodiones, not one species in
cither group has bred.

3 ¢ Encyclop. of Kural Sports, p.

3 According to Sir A. Bun
(Cabool,” &., p. 51), eight species
are used for hlwkmg in Sinde.

5 Loudon's g of Nat. Hist.,’
vol. vi, 1833, p. 110,
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20d Swoden, there can bo Iittlo doubt that if possibl, they would
hm been propagated. ardin des Plantes, no bird of prey
on Known to conple" No Dk, vulture,or owl has over
Moot forte eggs in the Zoological Gardens, or in the old Surrey
ardens, with the exception, in Ay plice on one occasion,
of  condor and a kite (Milvus niger). Yet several species, namely,
the Aquila fusca, Halicetus leucoceplialus, Falco tinnunculus, F. sub-
buteo, and Duteo wilgaris, have been seen to couple in the Zoological
Gardens. Mr. Morris * mentions s a unique fact that a kestrel
(Faleo tinnunculus) bred in am aviary. The one kind of owl which
known to couple in the Zoological Gardens was the Eagle
Owl (Bubo mawimus) ; and this spccles shows a special inclination
fo lreed in captivity; for o rundel Castle, kept more
fibeiy in o stato of Tajro * than ever fal to the lot. of an saimal.
deprxved. ot it liberty,” aotually reared their young. Mr. Gurney
B ciiothe: incianoe of this sam owLbrociing i confinement
and ho records th e of asecond species of owl, the Stz passerina,
Dreeding in captivi
2 tho smaller grmmmvotous birds, many kinds have been kept
o in their native countries, and have lived long ; yet, as the
lughesc authority o Sagerbinds” remarks, dheir propugation is
only diffi The eanary-bird shows that there is no
folierent, difienlty 3 m thene birds breeding freely in confinement;
and . maya ™ that) the  résesiall (et de i of  ein
America breeds as erfectly as the canar, difiiculty with
B ohes wioh haye bean kepkiin piaeuie sk ia ol g
more remarkable as more than a dozen species could be named
which 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 the bullfinch (Lozia pyrriula)
has bred as froquently with the canary, though belonging to
a distinict genus, as with its own species.® With respect to the
skylark (Alauda arvensis), 1 have heard of birds living for seven
years in an aviary, which never produced young; and a great
London bird-fancier assured me that he had never known an
instance of their breeding; nevertheless one case has been recorded.
In the nine-year Report from the Zoological Society, twenty-four

CHANGED CONDITIONS.

# F. Cuvier, ¢ Annal. du Muséum,’
128,

tom, ix. p. 128,
# <The Zoologist,” vol.
1849-50, p. 2
5 Knox, *Ornithological Rambles
in Sussex,”
¢ The Lnolupsl,‘ vol.
L846:50, p. 2060 ;o i,

vii.vili.,

P 3
3% Bechstein, ¢ Naturgesch. der Stu-
benvogel,” 1840, 5. 20.

# «Omnithological Biography, vol.
V. p. 517.

s Ssoanian b e ol
logist, vol. 5,

the siskin "
46, p. 1075, chstein, ¢ Stuben-
vogel,’ 5. 139, speaks of bullfinches
mnl.m;; nests, but rarely producing

you
@ Varrells . Beliai Bisle?
1839, vol. i. p.
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insessorial species are enumamwd wluch had not bred, and of
these only four were known to

Parrots are llngnhrly long-] Clived bu-d- md Humboldt mentions
the curious fact of a parrot in South Amurwx. which spoke the

guage of an extinet Indian tribe, so that this bird prese
the sole relic of a lost hnguags. Even in this oountzy there is
reason to believe** that parrots have lived to the age ‘of nearly
one hundred years; yet they breed 0 mely, though many have been
kept in Europe, that tho event has been thought worth recording
in the gmvest publications.”” Nevertheless, when Mr. Buxton
turned out a large number of parrots in Norfolk, three pairs bred

reared ten young birds in the course of two —— and this
success may be i life.* Accor
the African l’nllum erithacus breads oftener than any other species
in Germany : the P. macoa oceasionally lays fertile eggs, but rarely
succeeds in hntchmg them; this bird, however, has the instinct
of mcubs.liun sometimes so strongly devcloped ‘that it will hatch

of fowls or pigeons. In the Zoological Gardens and in

ﬂlo old Surrey Gardens some few species hnve coupled, but, mu.
the exception of three species of parrakeets, none have bred.
is a much more remarkable fact that in Guiana parrots of twn
kinds, as I am informed by Sir R. Schnmburgk are often taken
from the nests by the Indians and reared in large numbers; they
are 5o tame that they fly freely nboul the hmlses and come’ when
called to be fed, like pigoons; et ho has never heard of a singlo
instance of their breeding.** In Jamaica, a resident naturalist,
Mr. R. Hill* says, “no birds amies readily submit to human
“ dependence than the parrot-tribe, but no instance of a parrot
“breeding in this tame life has been “knoy wn yet.” Mr Hill lpeelﬂa
mumber of ofber uative bixds kept fame in tho Wi ‘hich
never breed in this state.

The great pigeon family offers a striking contrast with the parrots :
in the nine-year Report thirteen 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. The two magnificent
ot Pigeons (Goura coronata and victoria) produced hybrids;

@ Loudon's‘ Mag. of Nat. History!  worth's Mag. of Nat. Hist” vol.
vol. xix., 1836, p. 347 ii., 1838, p. 492) it is singular
“émaires dy umm @'Hist.  that, amongst the numerous useful
Nat. J tom. x. p. 314: five cases of  birds that are {ndigenous to ulansy
parrots broeding in bt propagate among
ried: ol CRepart Dell | th Indisn 7ot the cunioon. vl o

Assoc. Zoolog.,” abundance throughout the
pren - lhg of Nat. Hist,!  country.”
Nov. 1868, p. Jl 46 ¢ A Week at Port Royal,’ 1853,

4 < Stubens 5. 103, 85,
@ Dn. Fanesth Sutaniie ¢ Charles-

P
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Devertheloss, of the former spacios moro than a dosen birds woro
kept, as I am informed by Mr. Crawfurd, in a park at Penang,
under a perfectly well-adapted climate, but never ouce bred,  ‘Tha
Columba migratoria in its native country, North America, invariably
Iays two cges, but in Lord Derby’s menagerie never more than
one. The same fact has been obscrsed with the C. leucocephale7

llinaceous birds of many genera likewise show an eminent
capacity for breeding under caj . This is particularly the case
with pheasants, yet our English species seldom lays more than ten
eggs in confinement ; whilst from eighteen to twenty is the usual
mumber in the wild state.*  With the Gallinacew, as with all other
orders, there are marked and_inexplicable exceptions in regard to
the fertility of certain species and genera under confinement.
Although many trials have been made with the common partridge,
it has rarely bred, even when reared in large aviaries; and the hen
will never hatch her own cggs® The American tribe of Guans
racide are tamed with remarkable ease, but are very shy
breeders in this country;® but with care various species were
formerly made to breed Tather froely in Holland.® - Bieds of this
tribe are often kept ina perfectly tamed condition in their native
country by the lnrfmnx but they never breed® It might have been
expected that grouse from their habits of life wonld not have bred in
captivity, more especially as they ar stid soon to lunguish and
die® But many cases aro recorded of their breeding: the caper-
B o (Tetruo wrognlia) has bred in' the Zoological Gardens; it
breeds without mch diffculty when confined in Norway, and in
ssia five successive generations have been reared ; Teirao tetriz
B isiss e o Nyt 7 ititns Fu Erolenls T mantuliub
Derty’s; and 7. culnda ‘in North America.

Tt is searcely possible to imagine a greater change in habits than
that which the metibors of the cetrich family st safler, when
cooped up in small_enclosures under a temperate climate, after
B i v dsert o teopical pluins or entangled rests;

* Temminck, ¢ Hist. Nat. Gén. des
 &e. Pp- 456, 458;

w Mo\lbuy B vl ¥, Tth edit.,

o Naturalist on_the

tes,
 Tomminc, Hist, N, Gén. ds Amazons, vol. i, p. 1933 vol. i p.

.} % Temminck,  Hist. Nat. Gén., &c.,
p.125. " For Tetrao urogallus,
of partridge have occasionally bred ; L. Ilvml, Field Sports of North
as the red-legged (P. rubra), when Curope,’ vol. i pp. 287, 51
Kept in o large court in France (e *Bull. do la Soc. d’Acclimat.)
“Journal de Physique,” tom. xxv. p. 1860, p. 600. For 7. souticus,
294), and in the Zoological Gardens Thompson, *Nat. Hist. of Ireland,’
in 1856, vol. ii. 1850, p. 4. For 7. cupids,

Dixon, “The Dove- *Boston Journal of Nat. Hist,’ vo.
une 135\ P 243 253, . 199,

vol. xil,, 1843, p. 453.
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140 STERILITY FROM Cuar. XVIIL
yet almost all the kinds have frequently p!odnced young in the
various European menageries, even the mooruk ( Cusudrius bennetii)
from New Ireland. The African ostrich, though perfectly healthy
and lwmg long in the South of ce, never lays more than from
twelve to fifteen eges, though in its native country it lays from
twemy five to thirty.* Here we have another instance of fertility
but not lost, under confinement, as with the flying

gqmrrel ‘the hen phensant, and two species of American s,
an be tamed, as the Rev. E. 8. Dixon informs me,
with rcmnka‘ole il several of them are short-lived under
confinement, so that their sterility in this state is not surprising.
The cranes breed more readily than other genera: Grus montigresia
has bred several times in Paris and in the Zoological Gardens, as
has G. cinerea at the latter plnce, and G. umtwne at Caleutta. Of

other mem! this great order, Tetrapteryz paradisea has br
at Knowsley, a Porphyrio in Sicily, and the Gallinula chlmopul in
the Zoological Gardens. On the other hand, several birds belonging
to this order will not breed in their native country, Jamaica; and
the Psophia, though often kept by the Indians of Guiana about

their houses, “ is seldom or never known to breed.” *

The members of the great Duck family breed as readily
confinement as do the Columba and Galline; and this, conxxdmu
their aquatic and wandering habits, and the nature of their food,
could not have been anticipated. Even some time ago above two
dozen_species had bred in the Zoological Gardens; and M. Selys-
Longehamps has recorded the production of hybrids from forty-four
different members of the family; and to llwse Professor Newton has

ed o few more cases® “There is not,” says ixon,” “in
the wide world, a goose which is not in the strict sense of the word
domesticable;” that is, capable of breeding under confinement ;
but this statement is probably too bold. The eapacity to breed
sometimes varies in mdwmms of the same species; thus Audubon®
Kkept for more than cight years some wild geese (Anser canidensis),
but they would not mate; whilst other Sadividuals of the same
species produced yonog during the second Jear. 1 know of but one
instance_in the whole family of a species absolutely refuses
to breed in enptlvlty, nnmely the Dendroryyna viduata, nlmungh

easily tamed, and

accordin, mburgk;
frequently kepc by Aoy

¢ Marcel de Serres, ¢ Annales des
Nat.,’ 2nd series, Zoolog., tom.
e

. Haneock, in ¢ Charlesworth’s
Mag. of Nat. Hik vol. i, 1838,
91; R. Hill, A Week at Port Royal,”

Guide to the Zoological Cardass’
Sclter, 1858, pp. 11, 123
Zig

The Knowsley Men:
Gray, 1846, pl.

i
E m,\-nh,

e
ivej

is
e yinie L actly, with reapect

“Report Asiatic Soc. of Bengal, May
1855.

L SRR
Soc.,” 1860,

W The Boreooie and Aviary,” p.

8.
s ¢Ornithologieal Biography, vol.

"t Geograph, Journal,’ vol. iii.,

1844, p. 52,
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10 Galls, though many have been kept in the Zoological Gudeu
and in the old Surrey Gardens, no instance was known before 1]
ear 1818 of their coupling or lyreLdmg, but since that period ﬂm
zernng gull (Larus argentatus) has bred many times in the
Zoological Ga and at Knowsley.

Them is reason to believe that insects are affected by confinement
like the higher animals. It is well known that the Sphingide
rarely breed when thus treated. An entomologist® in Paris kept
twenty-five specimens of Saturnia pyri, but did not succeed in
getting a single fertile egg. A number of females of Orthosia munda
and of Mamestra snasa reared in confinement were unattractive to
the males.® Mr. Newport kept nearly a hundred individuals of
two species of Vanessa, but not one paired; this, however, might
have been due to their habit of coupling on the wing® Mr.
Atkinson conld never suceeed in India in making the Tarroo silk-
B o i contnoment ® It sppenrs that a number of moths,
especially the Sphingide, when hatched in the autumn out of their

r seasom, are_completely barren; but this latter case is still
involved in some obscurity.

Independently of the fact of many animals under confine- «
ment not coupling, or, if they couple, not producing young,
there is evidence of another kind that their sexual functions
are disturbed. For many cases have been recorded of the
loss by male birds when confined of their characteristic plu-
mage. Thus the common linnet (Linota cannabing) when
caged does mot acquire the fine crimson colour on its breast,
and one of the buntings (Emberiza passerina) loses the black
on its head. A Pyrrhula and an Oriolus have been observed
to assume the quict plumage of the hen-bird ; and the Faleo
albidus returned to the dress of an earlier age.® Mr. Thomp-
son, the superintendent of the Knowsley menagerie, informed
me that he had often observed analogous facts. The horns
of a male deer (Cervus canadensis) during the voyage from
America were badly developed ; but subsequently in Paris,
perfect horns were produced.
of Nat. Hist.,'

Ouar. XVIIL, CHANGED CONDITIONS,

5764; and Dr. Wallace, in ‘Proc.
Entomolog. Soc.,’ June 4th, 1860, p.

1184748,

1. 1660, " Yarpel's ¢ British Birds va. i
# “Transact, Eatomolog. So vol. chatein, ¢ Stubenvogel,” s.

iv., 1845, 135~ ¢ Philosoph. Transact..' 1773, p.

B Tomet, Linn. Soc.,’ vol.

»
® See an interesting paper by Mr.
Newman, in the ¢ Zoologist,’ 1857, p.

271, Bronn (* Geschichte der Natar,’
Band ii. 5. 96) has collected a number
of cases, For the case of the deer, see
¢ Penny Cyclop.,” vol, viii. p. 830,
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When conception takes place under confinement, the yonng
aro often born dead, or dio soon, or are ill-formed. This

1y occurs in the Zoological Gardens, and, g to
Rengger, with native animals confined in anglmy The
mother’s milk often fails. We may also attribute to the dis-
turbance of the sexual functions the frequent occurrence of
that monstrous instinet which leads the mother to devour her
own offspring,—a fous case of perversion, as it at first
appears.

Sufficient evidence has now been advanced to prove that
animals when first confined are eminently liable fo suffer in
their reproductive systems. We fecl at first naturally inclined
to attribute the result to loss of health, or at least to loss of
vigour: but this view can hardly be admitted when we
roflect how healthy, long-lived, and vigorous many animals
are under captivity, such as parrots, and hawks when used for
hawking, chetahs when used for hunting, and elephants. The
reproductive 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 has been i i i
to a failure in their sexual instinets: this may occasionally
come into play, but there is no obvious reason why this
instinct should be especially liable to be affected with per-
fectly tamed animals, except, indeed, indirectly 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, if
they conceive and produce young, these are fewer in number

- than is natural to the species, In the vegetable kingdom
instinct of course can play no part; and we shall presently see
that plauts when removed from their natural conditions are
affected in nearly the same manner as animals. Change of
climate cannot be the cause of the loss of fertility, for, whilst
many animals imported into Burope from extremely different
climates breed freely, many others when confined in their
native land are completely sterile. Change of food cannot be
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the chief cause; for ostriches, ducks, and many other animals,
which must have undergone a great change in this respect,
breed freely. Carnivorous birds when confined are extremely "
sterile, whilst most carnivorons mammals, except plantigrades,
are moderately fertile. Nor can the amount of food be the
cause ; for a sufficient supply will certainly be given to 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 full 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 cause.
It would appear that any change in the habits of life, what-+
ever these habits may be, if great enough, tends to affect in
an inexplicable manmer the powers of reproduction. The
result depends more on the constitution of the species than on
the nature of the change; for certain whole groups are
affected moro than others; but exceptions always oceur, for
some species in the most fertile groups refuse to breed, and
some in the most sterile groups breed freely. Those animals
which usually breed freely under confinement, rarely breed,
as I was assured, in the Zoological Gardens, within a year or
two after their first importation. When an animal which is
generally sterile under confinement happens to breed, the
young apparently do mot inherit this power: for had this
been the case, various quadrupeds’ and birds, which are
wvaluable 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 suc-
cessive generations, become sterile; but this may be the
result of too close interbreeding, It is a remarkable circum-
stance that many mammals and birds have produced hybrids
under confinement quite as readily as, or even more readily
than, they have procreated their own kind. Of this fact many
instances have been given; % and we are thus reminded of
those plants which when cultivated refuse to be fertilised by

* tJournal de Physilogie tom.  subfect, e F.

ier, in ¢ Aunales du
i . 47, Muséum,” tom. xii. p. 119,
# For additional evidence on this
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their own pollen, but can easily be fertilised by that of a
distinet species. Finally, we must conclude, limited as the
conclusion s, that changed conditions of life have an especial
power of acting i on the The
wholo case is quite peculiar, for theso organs, though not
diseased, are thus rendered incapablo of performing their
proper functions, or perform them imperfectly.

Sterility of Domesticuted Animals from changed conditions.—With

respect fo domesticated animals, is their domestication mainly
depends on the accident of their breeding freely under captivity,
we ought not to expect that their reproductive system would be
affected by any moderate degree of change. ers. of
quadrupeds und birds, of whictho wild species breed most readly
in our menageries, have afforded us the grentest number of dom
ticated productions. Savages the wrld.are fond
of tamivis animsais:P s § any of theas reeviarly peiduoed youni
and were at the same time useful, they would be at once domesti-
cated. If, when their masters migrated into other countrics, they
Srero-in’ sdition found. capable of withatznding varions clriaton
they would be still more valuable; and it appears that the animals
which breed readily in captivity can generally withstand different
climates, Some few domesticated animals, such as the reindeer and
camel, offer an exception to this rule. Many of our domesticated
animals ean bear with undiminished feruhty the most unnatural
conditions; for_instance, rabbits, guinea-pigs, and ferrets breed in
miserably confined hutches. Few Enropean dogs of any kind
withstand the climate of India without degenerating, but as long
as they survive, they refain, as I hear from Dr. Falconer, their
fertility; so it is, according to Dr. Daniell, with English dogs
okt e | aoue T ol £ notivs, GLshig ok i
Indin, becomes moro fertile than fs parent-stock in overy quarter
of the world, until we advance as far north as Greenland and
Northern Siberia, where this bird will not breed. - Both towls and
pigeons, which I reccived during the autumn direct from Sierra
Leone, wero at once ready fo couple I have, also, seen pigeons

STERILITY FROM Crap. XVIIL

stem.

ans of the Samoan Tslands tamed
pigeons; and the New Zealanders, as
Mr. Mantell informs me, kept various
kinds of birds.

Numerous istancss ould be
given. Thus Livingstone (‘Travels,’
p. 217) states that. the King of the
Barotse, an inland tribe which never

had any communication with white
men, was extremely fond of taming
animal, and overy goung anelope vas
n informs
me that are likewise
fond of keeping pets. The Indians of
Sout Al Bl e m G
Capt. Wilkes states that the Poly-

 For analogous cases with the
fowl, see Réaumur, ‘L'Art de_faire
Eclore, &,

breeding in _northern regions, see
Latha of Binday val. villy
1823, p. 16!
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* breeding as frecly as the common kinds within a year after their

1776, p.

rtation from the upper Nile. The guinea-fowl, an aboriginal
hot and dry deserts of Africa, wlulst lmng under our damp
and cool climate, produces a large supply
Nevertheless, our domesticated S tikle Tkl e te M
oceasionally show signs of lessened fertility. Roulin asserts that
in the hot valleys of the equu,mrml Cordillera sheep are not funy
nd;° and acc ord Somerville,” the merino-shee]
Shich he imported from Spnm were: nut at first perfectly fertile. 1t
is said™ that mares brought uj food in the stable, and
B ut 0 cracs, o nob a4 fit breed. . The peahen, as we have
seen, is said not to lay so many eggs in England as in India. It
was. long before the canary-bird was fully fertile, and even now first-
rate brecding birds are not common.® In the hot and dry province
of Delhi, as I hear from Dr. Falconer, the eggs of the turkey,
though placed under a hen, are extremely liable o fail. Accordin;
to Roulin, geese taken to the lofty plateau of Bogota, at first lai
seldom, e only a few eggs; of these searcely a fourth were
B s il o oung heeds died; fn the sevd ‘generation
they were more fertile; and when Roulin wrote they were becoming
as fertile as our geese in Europe. With respect to the valley of
Qnma Mr. Orton says:™ “the only geese in the valley are a faw
ed from Europe, and these refuse to propagate” In the
P’hlhppnm Archipelago the goose, it is asserted, will not breed e
eggs. more curious case is that of the fowl, which, accord-
Xl.lg fo Roulin, when first introduced would not breed at Cusco in
Bolivia, but subsequently became quite fertile ; and the English Game
fowl, lately introduced, had not as yet arrived at its full fertility,
fo raise two or three chickens from a nest of eggs was umgm
fortunate. In Europe close confinement has a marked effect o
fertility of the fowl: it has been found in France that with fo'l!
allowed considerable freedom only twenty per cent. of (he eggs failed ;
when allowed less freedom forty per cent. failed; and in close con-
ent sixty out of the hundred were not Tatehed, " Sowe see that
unnatural and changed conditions of life produce some effect on the
fertility of our most thoroughly domesticated animals, in the same
manner, though in a far less degree, as with captive wild animals.
1t is by no means rare to find certain males and females which will
ot breed together, though both are known to be perfeetly fertile
with other males and females. We have 1o reason to suppose that
fhis is caused by these animals having been subjected to any change
in their habifs of life; therefore such cases are hardly related to our
‘present The cause apparently lies in an innate sexual in-

& Mém. par divers Savans,” ‘Acad. ™ “The Audes and the Amazon,”
des Sciences,” tom. vi., 1835, p. 3 1310 p 107,
™ Youatt on Sheep, p. 181. Crawfurds ¢ Descriptive Dict. of

" j, mu., “Treatise on Cattle, the Tndian
¢ Bull,

» Beohmm, *Stubenviigel’ s. 242, tom.
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compatibilty of the pair which are matched.  Sovral instances havo
ted o mo by M. W, C. Spooncr (weli known for hia
Gy ol Croms Proeting), by M Eyton of yten.. by M. Wioksted
and other breeders, and especially by Mr. Waring of Chelsfield, in
xelation to horses, cattl, pgs, foxhounds, oler dogs, and pigoons.™
Tn these cases, females, which either previously or subsequently were
proed to bo fertile, failed to breed with certain males, with whom
6 wan paetioniariy Acaired to mateh them, A change i the o
stitution of the emalo may sometimes have gecurred beforo gho vas
put to thesecond male; but in other cases this explanation is hardly
teunblu, for o female, ot b v 0, hss boen ansuccessfully
B o 6ghi tinia wikh the e oals Tikewise ket 4115
Periootly ferile. With cartmares, whioh sometimes will nof breed
with stallions of pure blood, but subsequently have bred with cart-
stallions, Mr. Spooner is inclined to attribute the failure to the lesser
el poive: oF the ace borse Bt Tiavo hoatdl from Ghd gicetoey
breeder of race-horses at the present day, through Mr. Waring, that
“it frequently occurs with a_ mare to be put several times during
“ one or two seasons to a particular stallion of acknowledged power,
“and yet prove barren ; the mare afterwards breeding at once with
“ some other horse.” These facts are worth recording, as they show,
ik o nany faevicus fao, Giwhat ekt Ghmiriioeial difmsnnd
the fertility of an animal often depends.

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

In the vegetable kingdom cases of sterility frequently
oceur, analogous with those previously given in the animal
kingdom. But the subject is obscured by several circum-
stances, presently to be discussed, namely, the contabescence
of the antherﬂ, as Gartner has named a certain affection—

f the flower—much-enl d fruit.
~-and long-continued or excessive p o by buds,

1t is notorious _that mu.ny plnnts in our gardens and hot-houses,
though preserved in the pexfect health, rarely or never pro-
duce seed, I do not nlhlde w plmhs whlch run to leaves, from
being kept too damp, too much manured; for
these do not flower, i nm e ‘may % wholly different. Nor do
T 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 perfeetly sound, will not set any seed. The
sterility in many cases, as I know from my own observation, is
simply due to the absence of the proper inscets for carrying the
pollen to the stigma. But after excluding the several cases just

™" Vo pigaoan, o6 Dr, Chap on Voyageur Belge; 1865, p. 66.
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Cuar. XVIIL CHANGED CONDITIONS. 147

specified, there are many plants in which the reproductive system
been soriously affected by the altered conditions of life to
which they have been subjected.

It would be tedious to enter on many details. Linnwus long
ago observed * that Alpine plants, although naturally loaded with
sced, produce cither few or none when cultivated in gardens. But
exceptions often oceur: the Draba sylvestris, one of our most
thoroughly Alpine plants, multiplies itself by seed in Mr. L. C.
Watson's garden, near London; and Kerner, who has particularly
attended to the enltivation of Alpine plants, found that various
kinds, when cultivated, spontaneously sowed themselves.™ Many
plants which naturally grow in peat-carth are entirely sterile in our
gardens. T have noticed the same fact with several liliaceous plants,
which nevertheless grow vigorously.

‘o0 much manure renders some kinds utterly sterile, as T have
myself observed. The tendency to sterility from this cause Tuns
in families; thus, according to Giirtner, it is hardly possible to
give too much manure to most Graminem, Crucifers, and Legu-
minose, whilst suceulent and bulbous-rooted plants are easily
affected. Extreme poverty of soil is less apt to induce sterility;
but dwarfed plants of 7vifoliuin minus and repens, growing on a.
lawn often mown and never manured, were found by me not to
produce any seed. The temperature of the soil, and the season at
which plants are watered, often have a marked effect on_their
fertility, as was observed by Kolreuter in the case of Mirabiliss*
Mr. Scott, in the Botanic Gardens of Edinburgh, observed that
Oncidium divarieatum would not set seed when grown in a basket
in which it throve, but was capable of fertilisation in a pot where
it was a little damper. _Pelargonium fulgidum, for many years after
its introduction, seeded freely; it then became sterile; now it is
fertile ™ if kept in a dry stove during the winter. Othér varieties
of pelargonium are sterile and others fertile without our being able

ign any cause. Very slight changes in the position of a plant,
whether planted on a bank or at its base, sometimes make all the

fference in its producing seed. Temperature apparently has a
much more powerful influence on the fertility of plants than on
that of animals. Neverthless it is wonderful what changes some

plants will withstand with undiminished fertility : thus the

irantles candida, a native of the moderately warm bauks of the
Plata, sows itself in the hot dry country near Lima, and in Yorkshire

M (Swedish Acts,” vol. i, 1739, , pp. 2
8. Pallas makes the same remark few which se
inhis ¢ Travels’ (Eng. translat.), vol.i. ~ * *Beitriige zur Kenntniss der
P- 292, Befruchtung,’ 1844, 5. 333.

5 efru :
A, Kerner, ‘Die Cultur der Al- % <Nova Acta Petrop., 1793, p.
54, 5. 139; Watson's

penpflanzen,’ 1864, 5. 139 ;

.'p. 1315 % Cottage Gardener, 1856, pp.
. D. Cameron, alfo, has written on 44, 109.
the culture of Alpine plants in * Gard

52
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148 STERILITY FROM CHANGED CONDITIONS. Cmar, XVIIL

resists the severest frosts, and T have seen seeds gathered from pods
which had been covered with snow during three weeks™® Berberis
{vallichi, from the hot Khasia rango i Indin,is wninjured by our
arpest’ frosts, and ripens its fruit under our cool summers.
I\ewenhelexs, 1 presume we must attribute to change of climate the
terility of many foreign plants; thus, the Persian and Chinese
Hlaos (syrmga persica_andclinensis), though perfectly hard:
here, neves a soad; the omiton Llss (B, ulguris) seods
with us moﬁemte]y well, but in parts of Germany the capsules
never contain seod Some few of the cases, given in the last
chupter, ofsef-impotent plants, might have been hero introduced,
a8 heir stato seems due to the conditions to which they have been
subjected.

The liability of plants to be affected in their fertility by slightly
changed conditions is the more remarkable, as the pollen when
omea in proces of formation is aot easily injured; o plant. may be
a branch with flower-buds be cuf off and placed in
water, and the pollan will be, mataved. . Bollen. i, when
ce mature, may be kept for weeks or_even months® The female
organs are more senitive, for Girtner* fonnd that dicotyledonous
plants, when carcfully removed so that they did not in the least
Be, s sldom b eritpet - it oeu e e Wit botted
plants if the roots had grown out of the hole at the botto
some few cases, however, as with Digitalis, transplantation did ot
prevent fertilisation; atd_according to fho testimony of Mawz,
ssica_rapa, when pulled up by its roots and placed in water,
med its seed.  Flower-stems of several monocotyledonous plants
when cut off and placed in water likewise produce seed. But
fheso casce T prestie that the flowers had been Alzeady fertiisedy
for Herbert  found with the Crocus that the plants might be re-
moved or mutilated after the act of fertilisation, and would still
perfect their seeds; but that,if transplanted before being fertilised,
the application of pollen was powerless.
lants which ave been long cultivated can generally endure
ith undiminished fertlty various and great changes; but not in
o great a chinge of climate as domesticated animals.
T4 i reauachabies ek acy slsgia viar themstreomiancos adl
so much affected that the proportion and the nature of their che-
mical ingredients are modified, yet their fextility is unimpaired.
Thus, as Dr. Falconer informs me, there is a great difference in the
character of the fibre in hemp, in the quantity of oil in the sced of

% Dr. Herbert, *Amarylidaces,  *La Varibilté dos Esplees, 1668,

- 176,
* Giirtner, ¢Beitriige zur Kennt- X { Beitrige zur Kenntaiss &, &
s, &c, 5. 560, 564 252, 333,

) 1844, . st ‘hvurnal of Hort. Soc.,” vol. i,
Te gives o 1847, 1. 83.

good réaumné on. this snb_yecb in his
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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.—Giirtner has designated by this term a peculiar
condition of the anthers in certain_ plants, in which they are shri-
velled, or become brown and tough, and contain no good_pollen.
When'in this state_they exactly resemblo the anthors of the most
sterilo hybrids. Girtner,™ in his discussion on_this subject, has
shown that plants of many orders are occasionally thus affected ;
but the Caryophyllacew and Liliace suffer most, and to these
oRders, 1 think, the Ericacere may be added. Contabescence varies

degree, but on the same plant all the flowers are generally affected
5 nearly the same extent. ~The anthers aro affected at a very early
period in the flower-bud, and remain in the same state (with one
recorded exception) during the life of tho plant. The affection
canmot be cured by any change of treatment, and is propagated by
Inyers, cuttings, &c., and perhaps even by seed. In contabescent
plants_the female organs are seldom affected, or merely beeome
fous in their development. The cause of this affection is
loubtful, and is different in different cases. Until T read Girtner’s
discussion 1 attributed it, s apparently did Herbert, to the un-
matural treatmentof the plants; but its permanence under changed
conditions, and the female organs not being affected, seem incom-
,.m,xe with this view. The fact of several endemic plants be-
soming eontaboscont i our gardens seems,at st sight, equally
B chatiblo with this view; bt Kolreuter Telioves tiak thia
B st of their transpinviation.  The coptabesoont plants of

janthus and Verbaseum, found wild by Wiegmann, grew on a
dry and sterile bank. The fact that exotic plants are eminently
liable to this affection also scems to show that it is in some manner
cansed by their unnatural treatment. T somo instances, as with
Silene, Giirtner’s view seems the most probable, namely, that it is
cansed by an inherent tendency in the species to become diceeious.
[BE 5 834 anothier causo, namely, tho illbgitimate uniona of hetero:

o
plants illegitimately fertilised by their own-form pollen, with some
or all their anthers in o _contabescent state. There is perhaps an

itional cause, namely, self-fertilisation; for many plants of
Dianthus and Lobelia, which had been raised from self-fortilised
seeds, had their anthers in this state; but these instances are not
wnelnmve, as both genera are liable from other causes to this

R ot i opposie uature likewise occur, namely, plants with

Hrrben, ¢ Amarylli-
x, b mann, * Usber
seanngy s 10, 121 < Dritte Fort. b nmmdmeugung, 520,
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150 STERILITY. Cuar. XVIIL
the female organs struck with sterility, whilst the male organs
remain perfect. Dianthus japonicus, . Passiflora, and Nicotiana,
have been described by Girtner*as being in this unusual con-
dition.
Monstrosities as a cause of sterility.—Great deviations of structure,
even when the reproductive organs themselves are not seriously
affected, sometimes cause plants to become sterile. But in other
cases plants may become monstrous to an extreme degree and yet
retain their full fertility. Gallesio, who certainly had great ex-
perience,” often atributes sterility to this cause; but it may be
suspected that in some of his cases sterility was the cause, and not
the result, of the monstrous growths. The curious St. Valery apple,
although it bears fruit, rarely produces sced. The wonderfally
anomalous flowers of Begonia frigida, formerly deseribed, though,
they appear fit for fructifieation, are sterile" ~ Species of Primula
in which the calyx is brightly coloured are said * to be often sterile,
though I have known them to be fertile. On the other hand,
Verlot gives several cases of proliferous flowers which can be pro-
pagated by seed. This was the case with a poppy, which had
‘become monopetalous by the union of its petals® Another extra-
ordinary poppy, with the stamens replaced by numerous small
supplementary capsules, likewise reproduces itself by seed. This
has also oceurred with a plant of Sawifiaga gewm, in which a series
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 wonderfully from th
natural structure,—those of Linaria vulgaris seem generally to be
more or less sterile, whilst those before described of Antirrhinum
majus, when artificially fertilised with their own pollen, are
perfectly fertile, though sterile when left to themselves, for bees are
unable ‘to crawl into the narrow tubular flower. The peloric
flowers of Corydalis solida, according to Godron,* are sometimes
sometimes fertile; whilst those of Gloxinia are well
known to yield plenty of seed. In our greenhouse Pelargoniums,
e central flower of the truss is often peloric, and Mr. Masters
informs me that he tried in vain during several years to gt seed
these flowers. I likewise made many vain atfempts, but some-
times succeeded in fertilising them with pollen from a normal

¢ Bastarderzeugung,” . 356. P- 483 Prof. Harvey, on the autho-
0 ¢ Teo

della Riproduzione,”
1816, p. 84; ¢ Traité du Citrus,” 1811,
p. 67.

P o' s. 6. W. Crodker, 1n *Gard
Chronicle,’ 1861, p. 1092,

= Verlot, ¢Des Varidtés! 1863,
p. 80

9 Verlot, ibid., p. 88.

 Prof. ' Allman, Brit. Assoe,
quoted in the *Phytologist,’ vol. ii.

rity of Mr. Andrews, who discovered
the plant, informed me that this
monstrosity could be propagated by
seed.  With respect to the poppy, sée
Prof. Goeppert, as quoted in * Journal
of Horticulture, July 1st, 1863, p.

5 «Comptes Rendus, Dec. 19th,
1864, p. 1039,
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flower of another variety ; and conversely T seveml times femhsed
ordinary flowers with peloric pollen. Only once I succeeded in
raising & plant from a pelorio fower fertilised. by pollen from a
peloric flower borne by another variety ; but the plant, it may be
added, presented nothing particular in its structure. ~Hence we
may conclude that no general rule can be laid down; but any
t deviation from the normal structure, even when the repro-
Hiotiva organs themselves are not seriously affected, certainly often
Teads to sexual impotence.

Double Flowers—When the stamens are converted into petals,
the plant becomes on the male side sterile; when both stamens
and pmnlﬂ are thus changed, the plant becomes completely barren,
Symmetrical flowers havmg numerous stamens and petals are the
‘most liable to become doubie, as perhaps follows from all multiple
organs being the most subject to variability. But flowers furnished
with only a few stamens, and others which are asymmetrical in
structure, sometimes become double, as we see with the double
gotse or Ulex, and Antirrhinum. The Compositm bear what are
called double flowers by the abnormal development of the corolla of
their central florets. ~Doubleness is sometimes connected with
go’cllﬁcahon." or the continued growth of the u.xm of the ﬂower.

yubleness is sh-ouely inherited. ~No one has , as Lin

e flowers by promoting fho perfect. health of the

ey On 5 commy, unmatural conditions of life favour their
production. There is some reason to believe that seeds kept duriny
‘many years, and sceds helleved to be imperfectly fertilised, ylelﬁ
double flowers more freely than fresh and perfectly fertilised set
Long-continued cultivation in rich soil seems to be the mmonm
exciting cause, A double narclssus and a dmxble Anthmu mb.m
transplanted into very poor soil, has been o
#inglo;» and T havo saen. & completel; ;lonble iy prioeoes
rendered permanently single by being divided and transplanted
whilst in foll flower. ~ 1t has boon observed by Professor E. M
that doubleness of the flowers and variegation of the leavas ara
antagonistic states ; but so many exceptions to the rule have lately
been recorded,™ that, though general, it cannot be looked at as
mvmb]e Variegation seems genemlly ¥ mull from a feeble or

ied condition of the plant, ang c{fmporhnu of the
g8 raised from parents, if both are vuncgu,t usually perish at
an early age; hence we may perhaps infer that doubleness, which is

% ¢Gardener’s Chronicle; 1806, p. can Journ. of Science;’ p
47; and Verlot, ¢ Des Variétés, 1865,

of Horticulturey’p. 333.

® Mr. Fairweather, in ¢ Tr Lindloy's “Theory of Horticul
vol. ii. p. 4 Boss
ted on1 hi dm: A!EY lnm.lmn'a Chronicle,’ 1865, p.
Satony B 0. 75, On o altaar 620 #2-290,730; and Verlot,
the removal of the anthers, see Mr. *Des Variétés,’ p. 7

Leitner, in Silliman’s ¢ North Americ
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the antagonistic state, commonly arises from a plethoric condition.
On the other hand, extremely poor soil sometimes, though rarely,
appears to cause doubleness : 1 formerly deseribed  some complotely
double, bud-like, flowers produced in large numbers by stunted
wild plants of Gentiana amarella growing on a poor chalky bank. I

have also noticed a distinet tendency to doubleness in the flowers of
H thestrint, and Bladder-nut

L repens,
sculus pavia, and Staphylea), growing under very unfavourablo
conditions, Profossor T,ehmatn s found sovoral wild plants growing
near a hot spring with double flowers. With respect to the cause of
doubleness, which arises, as we see, under widely different circum-
stances, I shall presently attempt fo show that the most probable
view is that unnatural conditions first give a tendeney to sterility,
and that then, on the principle of compensation, as the reproductive
organs do nof perform their proper functions, they cithr bocomo
developed into_petals, or additional petals are formed. This
view has lately been supported by Mr. Laxton,® who advances the
case of some common peas, which, after long-continued heavy rain,
flowered a second time, and produced double flowers.
Seedless Fruit.—Many of our most valuable fruits, although con-
sisting in a homological sense of widely different organs, are either
uite sterile, or produce extremely few seeds. This is notoriously
the case with onr best pears, grapes, and figs, with the pine-apple,
banana, bread-fruit, azarole, date-palms, and some
members of the orange-tribe. Poorer varieties of these same fruits
cither habitually or occasionally yield seed.™  Most horticulturists
look at the great size and anomalous development 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 excessive development of the organs of Growth or
ation.—Plants which from any cause grow too luxuriantly, and
produce leaves, stems, runners, suckers, tubers, bulbs, &c., in éxcess,
sometimes do not flower, or if they flower do not yield seed. To
make Furopean vegetables under the hot climate of India yield
seed, it is necessary to check their growth; and, when one-third
grown, they are taken up, and their stems and tap-roots are cut or

101 ¢ Gardener's Chronicle,’ 1843, p.  Races of Man;’ Gallesio, ‘Teoria
628, In this article I suggested the della Riproduzione, 1816, pp.101-110,
theary above given on the doubleness  Meyen (‘Reise um Erde,’ Th. ii. 5.
of flowers. This view is adopted by ~ 214) states that at Manilla one
Carritre, ‘Production et Fix. des variety of the banana is full of seeds
Variétés,” 1865, p. 67. and Chamisso (Hooker's * Bot. Misc.,
 Quoted tner, ¢ Bastarder-  vol.

zeugung,” s, 567.
195 < Gardener’s Chronicle, 1868, p.  with small fruit, containing sceds
1. which are frequently perfect, Burnes.
194 Lindley, ‘ Theory of Horticul- in his ‘Travels in Bokhara, remarks

ture,’ pp. 175-179; Godron, De IEs-  on the pomegranate seeding in Mazen-

pice) tom. ii. p. 106; Pickering, deran, asa remarkable peculiarity.
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mutilated. So it is with hybrids; for instance, Prof. Lecoq ™ had
three plants of Mirabilis, which, though they grew luxuriantly and
flowered, were quite sterile; but after beating one with a stiek until
a few branches alone were left, these at once yielded good seed. The
sugar-cane, which grows vigorously and produces a large supply of
succulent stems, never, according fo various observers, bears seed in
the West Indies, Malaga, India, Cochin China, Mauritius, or the
Mnlny Arc\upcln.go“" Plants which produce a large number of
apt to be sterile, as oceurs, to a certain extent, with the
iy pota r. Fortune informs me that the sweet
potato (Cumvolmllu.v hﬂtutas) in China never, as far as he has seen,
yields seed. Dr. Royle remarks ™ that in India the Agare mmpam,
when grown in rich soil, invariably produces bulbs, but no s
BSiikt a poor il and ey climato load fo an: oppecite remlt,  Tn
China, according to Mr. Fortune, an_extraordinary number of little
bulbs ‘are developed in the axils of the leaves of the yam, and this
gzm does not bear sced. Whether in these cases, as in those of
uble flowers and seedless fruit, sexual sterility from changed
conditions of life is the primary cause which leads to the excessive
development of the organs of vegetation, is 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 not sufficient vital power or
organised matter for tho other method of sextal generation.

Several distinguished botanists and good practical judges believe
that long-continued propagation by cuttings, runners, tubers, bulbs,
&., independently of any excessive development of these parts, is

cause of many plants failing to produce flowers, or producing
only barren flowers,—it is as if they had lost the habit of sexual
eration” That many plants when thus propagated are sterile
fhre can bo o doubt, bubas fo whether the losg gontinuance of this
form of propagation is the actual cause of their sterility, I will not
venture, from the want of sufficient evidence, to express an opinion.

That plants may be propagated for long periods by buds, without
the aid of sexual generation, we may safely mnfer from this Immg the
86o with many plants which must have long survived in 8 stato of

As T have had oceasion before to allude to this subject, T
will here give such cases as I bave collected. Many alpine plants

195 Ingledew, in “Tra
alt i Hort, ’Soc. of Indi,” v
De la Fécondation,’ 18¢

of A

several species indigenous in Mauri-
tiu

197 Hooker’s ¢ Bot. Mise.,’ vol. i.
99; Gallesio, ‘Teoria della Eips
duzione,’p. 110. Dr.J. (leLmﬂem v,
in *Trasact. of the of Mauri-

tiug’ (new series), o v 1678, .
60-67, gives a lurge number of cases
of plants which never seed, including

seen in India, believes in t
Madras Journal of it and Sciences
vol. iv., 1836, p. 6!
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ascond mountains beyond the height at which they can produce
seed ™ Certain_ species of Poa. and Festuw, when growing on
propagaf car from Mr.
Bem.ha.m almost exclusively by bulblots, Kol gives amore curious
instance i of several American trees, which grow so plentifully in
marshes or in thick woods, that they are certainly well adapted for
these stations, yet scarcely ever produce seeds; but when acciden-
tally growing on the outside of the marsh or wood, are londed with
seed. The common ivy is found in Northern Sweden and Russia,
but flowers and fruits only in the southern provinces. The ccorus
calamus extends over a_large portion of the globe, but so rnrely
pcrfccts fruit that this has been seen
cording to Caspary, all its pollen-grains are in a worthless oon(h-
B yneicuon ool ISk Tropmates itelf 40 sk
in our shrubberies by rhizomes, and is naturalised in Ireland,
Dlossoms profusely, but rarely sets any seed, and this only dunng
certain_years; nor did it sct any when fertilised in my garden by
pollen from plants growing ata distance. The Lysimachia nummus
laria, which is furnished with long runners, so seldom produces
seed-capsules, that Prof. Decaisne,'s who has especially attended to
this plant, has never seen it in fruit. The Carew rigida often fails
to perfect its seed in Scotland, anlm\d Greenland, Germany, and
New Hampshire in the United States™ The periwinkle (Vinca
minor), which spreads largely by runners, is saill scacely ever 1
uce fruit in England ;' but this plant requires insect-nid for
its fertilisation, and the proper insects may be absent or rare. The
Jussioe 1 gmmliﬂara has become naturalised in Southern France, and
Tas spread by its rhizomes so extensively as to impede the naviga-
S50 o fo materaibuk mener produces fertile seed ™ The horse-
radish (¢ochlearia armoracia) spreads pertinaciously and is natural~
)scd in various parts of Europe; though it bears flowers, these
1y produce capsules : Professor Caspary informs me that he has
b plant since 1851, but has never scen its fruit; 65 per
cent. of its pollen-grains are common amunculus ficaria
rarely bears seed in England, France, or Switzerland; but in 1863
Tobserved sceds on several plants growing near my house™ Other

"¢ Wahlenberg  specifies eight  Zool, tom. iv. p. 280. Prof. Decaisne

species in this state on the Lapland
Alps: 20 Appandix to Livamar Tour
i ? translated by Sir J. E.

1 Travels in North America,’
Eng. translat., vol. ii. p. 175.
2 With respect to the ivy and
romfied i the Py
tologist,” vol. i p. 376. ~ Also Lind-
ley and Vaucher on the Acorus, and
see Caspary as belo.
13 ¢ Annal. des Se. Nat.,'8rd serios,

Tefers also to analogous cases with
mossos and lichens near Paris

4 Mr, Tuckermann, in Silliman's
e e of e

slv.

P
s Su 4 a Smith, ¢ English Flora,’

Yl-nchnn, “Flora de Mont~
pellier,” 1864, p.

7 On the non-prod\lmnn of seads
in England, see Mr. Crocker, in  Gar-
dener’s Weekly Magazine,” 1852, p,
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cases analogons with the foregoing could be given; for instance,
some kinds of mosses and lichens have never been seen to fructify in

ce.
Some of these endemic and maturalised plants are probably
lered sterile from excessive multiplication by buds, und the)r
comsequent. incapacity to produce and nourish secd. the
sterility of others more probably depends on the pecnlmr e
tions nnder which they live, as in the case of the 1 ivym the northern
gma urope, and of the trees in the swamps of the United
tates ; yet these plants must be in some respects eminently well
adapted for the stations which they occupy, for they hold their
‘places against a host of competitors.

Finally, the high degree of sterility which often accom-
panies the doubling of flowers, or an excessive development of
fruit, seldom supervenes at once. An incipient tendency is
observed, and continued selection completes the result. 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 nnnatural conditions 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 organs and renders them foliaceous, or into the fruit,
stems, tubers, &c., increasing their size and succulency. But
it is probable that there exists, independently of any incipient
sterility, an antagonism between the two forms of repro-
duction, namely, by seed and buds, when either is carried to
an extremo degree. That incipient sterility plays an impor-
tant part in the doubling of flowers, and in the other cases
just specified, T infer chiefly from the following facts. When
Sertility is lost from a wholly different canse, namely, from
hybridism, there is a strong tendency, as Giirtner'* nﬂirms,

70; Vaucher, ‘Hu Py Plasiss

” Abhand. Aam.w Gosellsch. zu
8.

@Europe,” tom. i. p.33; o, B. xi. 1870, p.
;nph Bot. dhunlps !om " Bastande mugnng
65 Dr. D. Clos, i Annal. dos S0 Kolrouter (Dritta Forlatzung, s

3rd se n&s t., tom. xvii, 73, 87, 119) also shows that when
1853, p. two species, one single and the other
[ % snalogous e Ses more  double, ave ceomed: the hybrids ace
especially on this plant, and on other  apt to be extremely double.

B e, Prot. Caspary, i Nav .
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for flowers to become double, and this tendency is inherited.
Moreover, it is notorious that with hybrids the male organs
become sterile before the female organs, and with double
flowers the stamens first become foliaceous. This latter fact
is well shown by the male flowers of dimcious plants, which,
according to Gallesio,"® first become double. Again, Giirt-
ner 120 often insists that the flowers of even 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 Cucurbitacer; so
that the production of fruit by plants rendered sterile throngh
any cause is intelligible. Kolreuter has also expressed his
unbounded astonishment at the size and development of the
tubers in certain hybrids; and all experimentalists ' have
remarked on the strong tendency in hybrids to increase by
roots, runners, and suckers. Secing 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 is 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 earlicr parts of this chapter,
that almost all organic beings when exposed to unnatural
conditions tend to become more or less sterile, it seeoms much
the most probable view that with cultivated plants sterility
in the oxciting canso, and doublo flowers, rich seodless frui,
and in some cases 1 ped organs of

are the indirect resulmvthese resnlts. having been in most
cases largely increased through continued selection by man,

1 “Torla dells Riproduzions . %% * Bastarderzeugung
Veg., 1816, p. 7 1 Ibid, s, 527,
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CHAPTER XIX.
SUMMARY OF THE FOUR LAST CHAPTERS, WITH REMARKS ON
HYBRIDISM.

ON THE EFFECTS OF CROSSING—THE INFLUENCE OF DOMESTICATION ON
PR o iermtamsatns--gob  Axtinisn e RmO T

VARIETIES ARE NOT MUTUALLY STERILE—T00 MUCH STRESS HAS DEEN
LAID ON THE DIFFERENCE IN FERTILITY BETWEEN CHOSSED SPECIES AND
CROSSED VARIETIES—CONCLUS

It was shown in the fifteenth chapter that when individuals

of the same variety, or even of a distinet 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 often of a

semi-monstrous nature, and have suddenly appeared. Hence,

{0 preserve our domesticated breeds true, or to improve them

by methodical selection, it is obviously necessary that they

shonld be kept separate. Nevertheless, a whole body of
individuals may be slowly modified, through unconscious
selection, as we shall see in a future chapter, without separa-
ting them into distinct lots. Domestic races have often been
lnlentmnallv modified by one or two crosses, made with some
Tace, and_ occasionally even by repeated crosses with
very distinct races; but in almost all such cases, long-con-
tinued and careful selection has been absolutely necessary,
owing to the excessive variability of the crossed offspring,
due to the principle of reversion. In a few instances, how-
ever, mongrels have retained a uniform character from their
first production.
When two varieties are allowed to cross frecly, and one is
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much more numerous than the other, the former will ulti-
mately absorb the latter. Should both varieties exist in
nearly equal numbers, it is probable that a considerable
period would elapse before the acquirement of a uniform
character; and the character ultimately acquired would
largely depend on prepotency of transmission and on the con-
ditions of life; for the nature of these conditions would
generally favour one variety more than another, so that a kind
of natural selection would come into play. Unless the crossed
offspring were slaughtered by man without the least discri-
mination, some degree of unmethodical selection would like-
wise come into action. From these several considerations
we may infer, that when two or more closely allied species
first came into the possession of the same tribe, their crossing
will not have influenced, in so great a degree as has often
been supposed, the character of the offspring in future times ;
although in some cases it probably has had a considerable
effect.

Domestication, as a general rule, increases the prolificness
of animals and plants. It eliminates the tendency to sterility
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, &c., 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 entire 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 mo previous close interbreeding.
It applies to the individuals of the same variety but belonging
to different families, to distinct varieties, sub-species, and
even to species. In the latter case, though size is gained,
fertility is lost ; but the increased size, vigour, and hardiness
of many hybrids cannot be accounted for solely on the
prineiple of compensation from the inaction of the reproduc-
tive system. Certain plants whilst growing under their
natural conditions, others when cultivated, and others of
hybrid origin, are completely self-impotent, though per-
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feotly healthy 5 and such plants can bo stimulated to fertility
only by being crossed with other individuals of the same or
of a distinct species.

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

These two great classes of facts, namely, the good derived

from crossing, and the evil from close interbreeding, with the
~ consideration of the i ptati hrougl
nature for compelling, or favouring, or at least permitting,
the occasional umion of distinet individuals, taken together,
lead to the conclusion that it is a law of nature that organic

‘beings shall not fertilise themselves for perpetuity. This law

was first plainly hinted at in 1799, with respect to plants,

by Andrew Knight,! and, not long afterwards, that sagacions

4 ¢Transactions Phil. Soc.' 1799,  observer failed to understand the full
202, For Kolreuter, see ‘Meém. de  meaning of the structure of the

de St.-Pitershourg,” tom. flowers which he has so well

scribed, from not always having
before his wind the key

pro-

eckte Geheimniss,’  blem, namely, the good derived from
is curious to observe the crossing of distinct individual
this wonderfully acute plants.

© The Complete Work of Charles Darwin Online



160 SUMMARY OF THE Cuar, XIX,

observer Kolreuter, after showing how well the Malvacess
are adapted for crossing, asks, “an id aliquid in recessu
habeat, quod hujuscemodi flores nunquam proprio suo pul-
vere, sed semper eo aliarum suw speciei impregnentur, merito
queeritur?  Certe natura nil facit frustra.” Although we
may demur to Kélreuter'’s saying that nature does nothing
in vain, seeing how many rudimentary and useless organs
there are, yet undoubtedly the argument from the innumer-
able contrivances, which favour crossing, is of the greatest
weight. The most important result 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
unisexual animals inhabiting somewhat separated localities,
which can only occasionally come into contact and pair, the
greater vigour and fertility of the crossed offspring will
ultimately tend to give uniformity of character, But when
we go beyond the limits of the same species, free intercrossing
is barred by the law of sterility.

In searching for ficts 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 prevalent 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 effectually stimulated by the male element,
when taken from a distinct 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 reproductive functions are often
greatly impuired 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 under confinement; some couple frecly, but never or
rarely conceive. The secondary male characters, the maternal
functions and instincts, are occasionally affected. With
plants, when first subjected to cultivation, analogous facts
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have been observed. We probably owe our double flowers,
rich seedless fruits, and in some cases greatly developed
tubers, &o., to incipient sterility of the above nature combined
with a copious supply of nutriment. Animals which have
long been domesticated, and plants which havo long been

d, can generally wi with nnimpaired fertility,
great changes in their conditions of life; though both are
sometimes slightly affected. With animals the somewhat
rare capacity of breeding freely under confinement, together
with their utility, mainly determine the kinds which have
een domesticated.

We can in no case 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 som kind in the natural conditions of life.

of the reprod system to
. such changes,—a susceptibility not common to any other
> ly has an imp bearing on Variability, -

organ,
as we shall sce 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
betwee‘n slightly modlﬁed forms or varicties, aro benefcial as
i vigour are
On\‘.he other hand, clumges 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, between species,—are highly injurious, as far
as the reproductive system is concerned, and in some fow
instances as far as constitutional vigour is concerned. Can
this parallelism be accidental? Does it not rather indicate
- some real bond of connection? As a fire goes out unless
it be stirred up, so the vital forces are always tending,
according to Mr. Herbert Spencer, to a state of equilibrium,
unlm disturbed and renovated. throngh the action of other

3

In some few cases varicties tend to keep distinet, by breed-
ing at different scasons, by great difference in size, or by
sexual preference. But the crossing of varieties, far from
VOL. 11 M
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d)mu.ushmg, generally adds to the fertility of the first
union and of the mongrel offspring. Whether all the more
widely distinet domestic varieties are invariably quite fertile
when crossed, we do mot positively know ; much time and
trouble would be requisite for the necessary experiments, and
many difficulties occur, such as the descent of the various
races from aboriginally distinct species and the doubts
whether certain forms ought to be ranked as species or
varieties. Nevertheless, the wide experience of practi
breeders proves that the great majority of varieties, even if
some should hereafter prove not to be indefinitely fertile
inter 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 un-
doubtedly must be ranked as varictics, 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 their parents, when crossed
with a distinct species.

Nevertheless, the fact remains indisputable that domesti-
cated varicties, of animals and of plants, which differ greatly
from one another 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
scems to make a broad and impassable barrier between
domestic varieties and natural species. But, as I will now
attempt o show, the distinction is not so great and over-
whelmingly important as it at first appears.

On the Difference in Fertility between Varicties and Species when
cross

This work is not the proper place for fully treating the
subject of hybridism, and T havealready 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.

Firstly, the laws governing the production of hybrids are
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identical, or nearly identical, in the animal and vegetable
kingdoms,

Secondly, the sterility of distinct species when first united,
and that of their hybrid offspring, graduate, by an almost
infinite number of steps, from zero, when the ovule is never
impregnated and a seed-capsule is never formed, up to com-
plete fertility. 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 modified in so peculiar a manner, that they
are much more fertile when crossed with a distinct species than
when fortilised by their own pollen. Suceess in effecting a
first union between two species, and the fertility of their
hybrids, depend 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 sced-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 be crossed with
great difficulty, but produce fairly fertile hybrids. This is
an inexplicable 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 crossed ; for the first will readily
fertilise the second ; but the latter is incapable, after hundreds
of trials, of fertilising the former. Hybrids produced from
reciprocal 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-

M2
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longing to distinct genera can rarely, and those belonging
to distinct families can never, be crossed. The parallelism,
however. is far from complete; for a multitude of closely

ied species will not unite, or unite with extreme difficulty,
wxnm other species, widely different from one another, can
be crossed with perfect facility. Nor does the difficulty
depend on ordinary 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 bo crossed with ease: The difficulty or fucility ap-
parently depends ively on the sexual of
the species which are crossed; or on their sexual eleotive
affinity, i.e. Waldverwandtschaft of Girtner. ~As species rarely
or never become modified in one character, without being at
the same time modified in many characters, and as systematic
affinity includes all visible similarities and dissimilarities,
any difference in sexual constitution between two species
would naturally stand in more or less close relation with their
systematic position,

Sixtlly, the sterility of species when first crossed, and that
of hybrids, may possibly depend to a certain extent on distinct
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 con-
stitution of its father and mother is exposed to unnatural |
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 causo 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 a law of an unknown
nature apparently exists, which leads to the offspring from
unions, which are infertile, being themselves more or less
infortilo ; and this at present is all that can be said.

Secentily, hybrids and mongrels present, with the one great
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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 varia-
bility, and in being absorbed through repeated crosses by
cither parent-form.
After arriving at these conclusions, T was led to investigate
a subject which throws considerable light on hybridism,
namely, the fertility of hoterostyled or dimorphio and
plants, when i united. I have had
oceasion several times to allude to these plants, and I may
here give a brief abstract of my observations. Several plants
belonging to distinct orders present two forms, which exist
in about equal numbers, and whicl differ in no respect except
in their reproductive organs; one form having a long pistil
with short stamens, the other a hort pistil with long
stamens; both with differently sized pollen-grains. With
trimorphic plants there are three forms likewise differing in
the lengths of their pistils and stamens, in the size and colour
of the pollen-grains, and in some other respects; and as in
each of the three forms there are two sets of stamens, there
are altogether six sets of stamens and three kinds of pistils.
These organs are so proportioned in length to one another
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
Ty pollen taken from the stamens of corresponding height in
the other form. So that with dimorphic species two unions,
which may be called logitimate, are fully fertile, and two,
which may bo 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

2 My observations ‘On the Cha- Linnean Soc,’vol. x. p. 393. The

acter .ml hybrid-like nature of the abstract here given is nearly the

ig from the illegitimate union  same with that which appeared in

of mnrphlcnnd Trimorphic Plants®  the 6th elition of my *Origin of
were published in the * Journal of the  Species.’
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and hic plants, when ill, 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 manmer as occurs in crossing
distinct species.  As the degree of sterility in the latter caso
depends in an eminent degree on the conditions of life being
more or less favourable, so I have found it with illegitimate
unions. Tt is well known that if pollen of a distinct species
be placed on the stigma of a flower, and its own pollen be
afterwards, even after a considerable interval of time, placed
on the same stigma, its action is so strongly prepotent that it
generally annihilates the effect of the foreign pollen; so it is
with the pollen of the several forms of the same species, for
legitimate pollen is strongly prepotent over illegitimate
pollen, when both are placed on the same stigma. 1 ascer-
tained this by fertilising several flowers, first illegitimately, ,
and twenty-four hours afterwards legitimately, with pollen
taken from a peculiarly coloured variety, and all the seedlings
were similarly coloured ; this shows’ that the legitimate
pollen, though applied twenty-four hours subsequently, had
wholly destroycd or prevented the action of the previously
applied illegitimate pollen. Again, as, in making reciprocal
crosses between the same two species, there is occasionally a
great difference in the result, so the same thing occurs with
trimorphic plants; for instance, the mid-styled form of
Lythrum salicaria conld be illegitimately fertilised with the
greatest case by pollen from the longer stamens of the short-
styled form, and yielded many seeds ; but the short-styled form
did mot yield a single sced when fertilised by the longer
stantens of the mid-styled 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 specics when crossed. This
led me carefully to observe during four years many seedlings,
raised from several illegitimate unions. The chief result is
that the-e illegitimate plants, as  they may be called, are not.
fully fertile. It is possible to raise from dimorphic species,
hoth 1 styled and short-styled illegiti plants, and
from trimorphic plants all three illegitimate forms. These
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can then be properly united in a legitimate manner. When
this is done, there is no apparent reason why they should
not yield as many seeds as did their parents when legiti-
mately fertilised. But such is not the case; they are all
infertile, but in various degrees; some being so ntierly and
incurably sterile that they did not yield during four seasons
a single seed or even seed-capsule. Theseillegitimate plants,
which are so sterile, although united with each other in a
Jegitimate manner, may be strictly compared with hybrids
when crossed inter se, and it is well known how sterile these
latter generally are. When, on the other hand, a hybrid is
crossed with either pure parent-species, the sterility is usually
much lessened : and so it is when an illegitimate plant is
fertilised by a legitimate plant. In the same manner as the
sterility of hybrids does not always run parallel with the
difficulty of making the first cross between the two parent-
species, so the sterility of certain illegitimate plants was
unusually great, whilst the sterility of the union from which
they were derived was by no means great. With hybrids
raised from the same sced-capsule the degree of sterility is
innately variable, o it is in a marked manner with illegiti-
mate plants. Lastly, many hybrids are profuse and persistent
flowerers, whilst other and more sterile hybrids produce few
flowers, and are weak, miserable ‘dwarfs; exactly similax
with the illegi offispring of
and trimorphic plants.

Although there is the closest identity in character and
ehaviour between illegitimate plants and hybrids, it is
hardly an exaggeration to maintain that the former are
hybrids, but produced 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 respects between first illegitimate
umions, and first crosses between distinet species. This will
perhaps be made more fully apparent by an illustration : we
may suppose that a botanist found two well-marked varieties
(and such occur) of the long-styled form of the trimorphic
Lythrum salicaria, and that he determined to try by crossng
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whether they were specifically distinct. He would find that
they yielded only about onc-fifth of the proper mumber of
seed, and that they behaved in all the other above-specified
vespects as if they had been two distinct species. But to
make the case sure, he would raise plants from his supposed
hybridised seed, and he wonld 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 varietics were as good and as
distinet species as any in the world ; but he would be com-
pletely mistaken.

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

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

On the principle which makes it necessary for man, whilst
he is selecting and improving his domestic varieties, to keep
them separate, it would clearly be advantageous to varieties
in a state of nature, that is to incipient species, if they could
be kept from blending, cither 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 spon-
tancously appeared, like any other modification, in certain
individuals of a species when crossed with other individuals
of the sume species; and that successive slight dogroes of

from being ad were slowly
This appears all the more probable, if we admit that the
structural differences between the forms of dimorphic and
trimorphio 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
Teen 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 feather-
hyacinth (Muscari comosum) have been rendered conspicuous,
and apparently in consequence sterile, in order that insects
might casily discover and visit the perfect flowers. But
when we endeavour to apply the principle of natural selection
to the acquirement by distinet species of mutual sterility, we
meet with great difficulties. In the first place, it may be
remarked that separate tegions are often inhabited by groups
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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 no advantage to such separated species to
have been rendered mutually sterile, and consequently this
could not have heen effected through natural selection; but
it may perhaps be argued, that, if a species were rendered
sterile with some one compatriot, sterility with other species
would follow as a mecessary consequence. In the second
place, it is as much 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 impotent on a 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 state of the repro-
ductive system conld not possibly have been advantageous
to either species.

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

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

As species have mot been rendered mutually infertile
through the accumulative action of natural selection, and as
we 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 organisation. By a quality arising incidentally, I refer
10 such cases as different species of animals and plants being
differently affected by poisons to which they are not naturally
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exposed ; and this difference in susceptibility is clearly in-
cidental on other and unknown differences in their organisa-
tion. 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 struc-
tural or functional differences in their woody tissues. We
/ need mot 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 is 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 re-
covered its self-fertility from being grafted on a distinct
species—the cases of plants which normally or abnormally
are self-impotent, but can readily be fertilised by the pollen
of a distinct species—and lastly the cases of individual
domesticated animals which evince towards each other sexual
incompatib

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 satisfac-
tory 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 differ-
ences 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 sub-
jected have had so little tendency towards modifying the
Teproductive system in a manner leading to mutual sterility,
that we have very good grounds for admitting the directly
opposite doctrine of Pallas, namely, that such conditions
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generally climinate 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 cultivation
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, distinct species.
1If the Pallasian doctrine of the elimination of sterility through
long-continued domestication be admitted, and it can hardly
be rejected, it becomes in the highest degree improbable that
similar circumstances should commonly both induce and
eliminate the same tendency ; though in certain cases, with
species having a peculiar constitution, sterility might occa-
sionally be thus induced. Thus, as I believe, we can under-
stand why with domesticated animals varieties have not been
produced which are mutually sterile ; and why with plants
only a few such cases have been observed, namely, by Girtner,
with certain varieties of maize and verbascum, by other ex-
perimentalists with varieties of the gourd and melon, and by
Kélreuter with one kind of tobacco.

With respect to varieties which have originated in a state
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
pimpernel (Anagallis arvensis) are sterile when crossed, I pre-
sume that all the botanists who now maintain on various
grounds that these two forms are merely flecting varieties,
would at once admit that they were specifically distinct.

The real difficulty in our present subject is not, as it appears
10 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 ina
sufficient and permanent degree to take rank as species. We
are far from precisely knowing the cause; but we can soo
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that the species, owing to their strugglo for existence with
numerous competitors, must have been exposed to more uni-
form conditions of life during long periods of time than
domestic varieties have been, and this may well make a
wide difference in the result. For we know how commonly
wild animals and plants, when taken from their natural
conditions and subjected to captivity, are rendered sterile;
and the reproductive functions of organic beings which have
always lived and been slowly modified under natural con-
ditions would probably in like manner be eminently sensitive
to the influence of an unnatural cross. Domesticated pro-
ductions, on the other hand, which, as shown by the mere fact
of their domestication, were not originally highly sensitive
to changes in their conditions of life, and which can now
generally resist with undiminished fertility repeated changes
of conditions, might be expected to produce varieties, which
would be little liable to have their reproductive powers inju-
riously affected by the act of crossing with other varieties
which had originated in a like manner.

Certain naturalists have recently laid too great stress, as it
appears to me, on the difference in fertility between varicties
and species when crossed. Some allied species of trees cannot
be grafted on one another, whilst 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 ; whilst now it has been proved that
immunity from certain poisons sometimes stands in correla-
tion with the colour of the individuals of the same species.

/ The period of gestation generally differs much in distinct
species, but with varieties until lately no such difference had
been observed. 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 occur, or occur with
extreme rarity, in the case of varieties; and these differences
are apparently wholly or in chief part incidental on other
constitutional 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 differ-
ences, however serviceable they may indirectly be in keeping
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5 tha inhabitants of the same oountry distinet, be thought of
: with other inci-
danhl and functional dlﬂ'emnces’x’ No sufficient answer to
this question can be given. Hence the fact that widely
distinet domestic varieties are, with rare exceptions, perfectly
fertile when crossed, and produce fertile offspring, whilst
- closely allied species are, with rare exceptions, more or less
~ sterile, is not nearly 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 MAN.

SELECTION A DIFFICULT ART—METHODICAL, UNCONSCIOUS, AND NATCRAL
vLTS O TAKEN IN SE-

RN s e v e e Ul
Nen

DINFERENT BRECON
BY UNCONSCIOUS SELECTIO)
GREAT AMOUNT OF DIFFERENCE IN THE PARTS MOST VALUED BY MAN.

Tik power of Selection, whether exercised by man, or brought
into play under nature through the struggle 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, how-
ever, suffice for the work, and are probably the chief or sole
means in the production of mew species. Hence our dis-
cussion on the causes and laws of variability ought in strict
order to have preceded the present subject, as well as inheri-
tance, 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 exer-
cised, the free commingling of the individuals of the same
variety soon obliterates, as we have previously scen, the
slight differences which arise, and gives uniformity of cha-
racter to the whole body of individuals, In separated
districts, long-continued exposure to different conditions of
life may produce new races without the aid of selection ; but
to this subject of tho direct action of the conditions of lifo
1 shall recur in a future chapter:
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When animals or plants are born with some conspicuous
and firmly inherited new character, selection is reduced to the
preservation of such individuals, and to the subsequent pre-
vention of crosses; so that nothing more need be said on the
subject. But in the great majority of cases a new character,
or some superiority in an old character, is at first faintly
pronounced, and is not strongly inherited ; and then the full
difficulty of selection is experienced. Indomitable patience,
the finest powers of discrimination, and sound judgment must
be exercised during many years. A clearly predetermined
~ object must be kept steadily in view. Fewmen are endowed
with all these qualities, especially with that of diseriminating
very slight differences; judgment can be acquired only by
long experience; but if any of these qualities be wanting,
the labour of a life may be thrown away. T have been
astonished when celebrated breeders, whose skill and judg-
ment have been proved by their success at exhibitions, have
shown me their animals, which appeared all alike, and have
lmgned their reasons for matching this and' that individual.
“Ihe importance of the great principle of Selection mainly lies
in this power of selecting scarcely appreciable differences,
‘which nevertheless are found to be transmissible, 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
three kinds. Methodical selection is that which guides a man
who lyitemnhcally endeavours to modify a breed according to

ined standard. ious selection is that
vkinh follows from men naturally preserving the most valued
“and destroying the less valued individuals, without any
 thought of altering the breed ; and undoubtedly this process
~slowly works great chang ious selection grad
into methodical, and only extreme cases can be distinetly
separated ; for he who preserves a useful or perfect animal
will generally breed Srom it with the hope of getting offspring
of the same character; but as long as he has not a prede-
A ed purpose to improve the breed, he may be said to be
g unconsciously.! Lastly, we have Natural selection,
3 The term unconscious selection has been objected to as a contradiction
VoL, 1L ~

1<
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which implies that the individuals which are best fitted for
the complex, and in the course of ages changing conditions to
which they are exposed, generally survive and procreate their
kind. With domestic productions, 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 of “improved quadrupeds and fancy birds.
With respect to cattle, sheep, and pigs, we owe their great.
improvement to a long series of well-known names—Bake-
well, Colling, Ellman, Bates, Jonas Webb, Lords Leicester
and Western, Fisher 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 agricul-
turist, not ouly 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 improvement on the Ketton shorthorns by correcting
“ the defect in the knuckle or shoulder-joint, and by laying
“ the top of the shoulder more sml{']y in 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 what an excellent judge of pigs* says: “The
“ Jegs should be no longer than just to prevent the animal’s
“ belly from trailing on the ground. The leg is th least

but sec some excellent observations ~ * 3 40n Sheep, 1838, p. 6

on this head by Prof. Huxley (‘Nat. Wright ' on Shorthort
Hist. Review,’ Oct. 1864, p. 578), who *Journal of Royal Agricult.
remarks that when the wind heaps

up sand-dunes it sifts and wncone
wcusty solocts rom the gravel'on the
beach grains of sand of equal size,

Pp. 208,
 Richudson <On Pigs! 1847
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“ 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.

Few persons, except breeders, are aware of the systematio
care taken in selecting animals, and of the necessity of having
a dlear and almost prophetic vision into futurity. Lord
Spencer’s skill and judgment were well known; and he
writes,? * It is therefore very desirable, before any man com-
“mences to breed either cattle or sheep, that he should make
“up his mind to the shape and qualities he wishes to obtain,
“and steadily pursue this object.” Lord Somerville, in
speaking of the marvellous improvement of the New Leicester
sheep, effected by Bakewell and his successors, says, “It

seem as if they had first drawn a perfect form, and

then given it life.” Youatt® urges the necessity of annually
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 perfection was fixed ac-
cording to which the London fanciers tried to breed the
 several sub-varieties.” A great winner of prizes at the Pigeon-
shows,’ in describing the short-faced Almond Tumbler, says,
‘There are many first-rate fanciers who are particularly
ial to what is called the goldfinch-beak, which is very
tiful; others say, take a fullsize round cherry then
barleycorn, and judiciously placing and thrusting it
the cherry, form as it were your beak; and that is not
ll, for it will form a good head and beak, provided, as 1
d before, it is judicionsly done; others take an oat; but
1 think the goldfinch-beak the handsomest, T would advise
“ the inexperienced fancier to get the head of a goldfinch, and
ep it by him for his observation.” Wonderfully different

# “Journal of Royal Agricult. Soc.,”  vol. viii,, 1835, p. 618,
i p. 24, * ©A treatise on the Art of Breed-
Sheep,” pp. 520, 319. ing the Almond Tumbler,’ 1851, p. 9
Loudon's *Mag. of Nat, Hist.' "
N 2
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as are the beaks of the Tock plgaon and goldfinch, the end
has undoubtedly been nearly gained, as far as external shape
and proportions are concerned.

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 mode 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 labonr has been
brought to bear on selection. In certain districts'* « the
“ breeding of bulls is 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
Deen, 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 impor-
“tant is the proper selection of broeding animals considered,
“ that the best flock-masters do not trust to their own judg-
“ment 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

* ¢Recreations in Agriculture,' vol.  Agricult. Soc.’ quoted in ¢Gani.
i, p. 409, Chronicle,’ 1844, p. 29.

19" Youatt on Cattle, pp. 191, 227, 1 Simmonds, quoted in ¢Gard,

" Ferguson, ¢ Prize Poultry, 1854,  Chronicle,” 1855, p. 637, And for
p. 2 s sacond qu»umn, sec Youatt on

3 Wilson, in *Transact, Highland  Sheep, p. 1

© The Complete Work of Charles Darwin Online



Cuar. XX, METHODICAL SELECTION, 181

“tho lambs are weaned, each in his turn is placed upon a
“table that his wool and form may be minutely observed.
“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 fark, and the rest are condemned, A few months
“afterwards a 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 ex-
clusively 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 caro 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 that certain families in France devote themselves to
raising eggs for sale)® In China, near Shanghai, the in-
habitants of two small districts have the privilege of raising
egas 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.1®

The care which successful breeders take in matching their
~ Dbirds is surprising. Sir John Sebright, whose fame is per-
 petuated by the “Sebright Bantam,” nsed to spend * two and
three days in examining, consulting, and disputing with a
friend which were the best of five or six birds.”!7 Mr. Bult,
‘whose pouter-pigeons won so many prizes, and were exported
o North America under the charge of a man sent on purpose,

u Robinet, ¢ Vers & Scie 1848, p. ¢ M. Simon, in ¢ Bull, du Ia Soc.
@'Acclimat..’ tom, ix., 1862, i
‘Les Maladios du ¥ “The Poul"y ‘Chronicle? vol, i,
%ﬂlﬁolt, xsss,y 101, 1854, p. 6
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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,1* “ I would here particularly
“ guard 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
#tis possible that there may be a few fanciers that have a
“good general knowledge 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 Tumbler, lies in the plumage, carriage,
head, beak, and eye; but it is too presumptuous in the
beginner to try for all these points. The great judge above
quoted says, “ There are some yonng fanciers who are over-
« covetous, who go for all the above five properties 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 theso precepts, but he who langhs
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 not been
crossed.  Our pigs, as Mr. Corringham remarks, during the
last twenty years have undergone, throngh 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. Bailey, the great judge, remarked to me, it
was formerly ordered that the comb of the Spanish eock
should be 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 fur-
nished would be at once disqualified; beards were ordered,

M. Eaton, ‘A ’l‘rcnue on 1851, p. 11
Fancy Pigeons, 1832, p. xiv, and 1 Journal Roysl Agienltaral
CA Troatise o0 the Almond Tambiey’  Bou? vale vh i B
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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 occa-
sionally produced and what can be improved and rendered
constant by selection. The steady increase in weight during
the last few years in our fowls, turkeys, ducks, and geese is
notorious ; “ six-pound ducks are now common, whereas four
pounds was formerly the average.” As the time Tequired 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.” *

Mr. Tollet, of Betley Hall, selected cows, and especially
bulls, descended 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 I was informed by him, the product in propor-
tion of four to three. Here is a curious case®! of steady but
slow progress, with the end mot as yet fully attained: in
1784 a race of silkworms was introduced into France, in
which one hundred in the thousand failed to produce white
cocoons; but mow 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 result as with animals. But the process is 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 prevent crosses as with animals or unisexual plants;
but with some plants, such as peas, this care is not necessary.
With all improved plants, excepting of course those which
are propagated by buds, cuttings, &e., it is almost indispen-
sable to examine the scedlings and destroy those which
depart from the proper type. This is called *roguing,” and
is, in fact, a form of selection, like the rejection of inferior
s.  Experi horti ists ang i i

. ® ‘Poultry Chronicle,’ vol. i,
. 596,

laire, ¢ Hist,
1855, o4,
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incessantly urge every one to preserve the finest plants for
the production of seed.

Although plants often present much more conspicuous
variations than animals, yet the closest attention is generally
vequisite to detect each slight and favourable change. Mr.
Masters relates* how “many a patient hour was devoted,”
whilst he was young, to the detection of differences in peas
intended for seed. Mr. Barnet * remarks that the old scarlet
American strawberry was cultivated for more than a century
‘without producing a single variety ; and another writer ob-
serves 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 vari-
ations were 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, in the case of the higher animals, for instance by
Col. Le Couteur and more especially by Major Hallett.

Tt may be worth while to give a few examples of method-
ical selection with plants; but in fact the great improvement
of all our anciently cultivated plants may be attributed to
selection long carried on, in part methodically, and in part
unconsciously, I have shown in a former chapter how the
weight of the gooseberry 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 he 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

# ¢Gardener’s Chron,’ 1850, p,  * ‘Journal of Horticulture, 1862,
19 69.

 ¢Transact, Hort, Soe,’ yol.vi.p. % *Transact. Hort. Soc.. vol. iv,
is2. p. 381,
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seed of Anemone coronaria, found a plant with one additional
petal; he sowed the seed of this, and by perseverance in the
same conrse obtained several varieties with six or seven rows
of petals. The single Scotch rose was doubled, and yielded
cight 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 carcful 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 by befween ten and twenty-one days.? A more
curious case is offered by the beet plant, which since its culti-
vation in France, has almost exactly doubled its yield of
sugar. This has been effected by the most careful selection ;
the specific gravity of the roots being regularly tested, and
the best roots saved for the production of sced.?

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 selec-
tion would not have been carried on during ancient times.
A distingwished naturalist considers it as absurd to suppose
that semi-civilised people should have practised selection of
any kind. Undoubtedly the principle has been systematically
acknowledged and followed to a far greater extent within the
Iast hundred years than at any former period, and a corre-
sponding result has heen gained; but it would be a greater
error to suppose, as we shall immediately see, that its impor-
tance 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 extent. We shall hereafter
be enabled better to judge how far se!ection, when only occa-

% ¢Transact. Hort. Soc.,’ vol.iv. p. P- 965 Mr. B'lmu, in ‘Gard,
(‘hmnn!n 1844, p. 476,

W. Bromehead, in ‘Gard, % Godron, “be Viipece; 1859,

cnmml., 1857, p. 530, tom. ii. p. 69; *Gard. Chronicle,

fard. Chronicle, 1862, p. 721 1854, p. 258,
» Dr Anderson, in * The Bee, vol.
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sionally carried on, by a fow of the inhabitants of a country,
will slowly produce a great effect.

Tna weil 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 fleece
was likened to snow. Youatt," who has discussed all the
passages in relation to breeding in the Old Testament, con-
cludes that at this early period “some of the best principles
of breeding must have been steadily and long pursned.” It
was ordered, according to Moses, that * Thou shalt not let thy
cattle gender with a diverse kind;” but mules were pur-
chased, so that at this carly period other nations must have
crossed the horse and ass. It is said® that Erichthonius,
some generations before the Trojan 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 countries.” Homer (Book v.) speaks of Eneas’
horses as bred from mares which were put to the steeds of
Laomedon. Plato, in his ¢ Republic,’ says to Glaucus, “1 seo
that you raise at your house a great many dogs for the chase.
Do you tuke 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®  Acccord-
ing to Pliny, King Pyrrhus had an especially valuable
breed of oxen: and he did not suffer the bulls and cows to
come together till four years old, that the breed might not
degenerate. Virgil, in his Georgics (lib. iii.), gives as strong
advice as any modern agriculturist conld do, carefully 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

31 On Sheep, p. 18. 3 Dr. Dally, translate | in  Anthro-

= Volz, et ge zur Kulturge- pological Review,’ May 1864, p. 101,
schichte,’ 1852, s, 47, "Volz, *Beitriige, &c., 1852, s.

5 mm»m “History. of Greece,” 80.
vol.ip. 7  «History of the World,’ ch, 45,
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Romans kept pedigrees of their pigeons, and this wonld have
Deen a senseless proceeding had not great care been taken in
Dreeding them. Columella gives detailed instructions about
breeding fowls: * Lot the broeding hens therefore be of &

lour, *a robust body, square-built, full breasted, with
“large heads, with upright and bright-red combs Thoso
“are helieved to be the best bred which have five toes.”
According to Tacitus, the Celts attended 10 the races of their
domestio animals; and Cwsar states that they paid high
prices to merchants for fine imported horses® In regard to
plants, Virgil speaks of yearly culling the largest scods; and
Celsus says, ** where the corn and crop is but small, we must,
pick out the best ears of corn, and of them lay up our seed
separately by itself.”

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 any proved bad or old, to forewarn him in good time
~ before they wero put to tho mares*® Tven in a country so
~ little civilised as Ireland during the ninth century, it would
. appear from somo ancient verses! describing a ransom
demanded by Cormac, that animals from particular places,
or having a particular character, were valued. Thus it
is sai

Two pis o the piss of M L,

A ram and ewe both round and red,

T brought with me from Aengus,

1 brought with me a stallion and a mare
E < From the beautiful stud of Manannan,

A bull and a white cow from Druim Cain.

’Aﬂmhmn, in 930, received running-horses as a present from
Germany; and he prohibited the exportation of English
hoises. King John imported “one hundred chosen stallions
from Flanders ™ On June 16th, 1305, the Prince of Wales

3 (Gardener's Chronicle, 1848, p. 4 Sir W. Wilde, an *Essay on Un-
manufactured Animal Remains,’ &c.,
Reynier, ‘De IEconomie des 1860, p. 11.

ﬂ-\ 1818, pp. 487,5« 4 Col. Hamilton Smith, *Nat.
Te Couteur on Wheat, Library,’ vol. xii., Horses, pp. 185,
# Michel, ‘ Des Haras,’ 1861 p 84, 140,
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wrote to the Archbishop of Canterbury, begging for the loan
of any choice stallion, and promising its return at the end of
the season.4* 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 Henry VIL and VIIL it was ordered that
the magistrates, at Michaelmas, should scour the heaths and
commons, and destroy all mares beneath a certain size.t
Some of our earlier kings passed laws against the slaughter-
ing rams of any good breed before they were seven years old,
50 that they might have time to breed. In Spain Cardinal
Ximenes issued, in 1509, regulations on the selection of good
rams for breeding.*s

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 care
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, Mark-
ham in 1631 tells the breeder “to elect the largest and good-
liest comies,” and enters into minute details. Even with
respect to seeds of plants for the flower-garden, Sir J. Hanmer
writing about the year 1660 says, in “ choosing seed, the
best sced is the most weighty, and is had from the lustiest
and most vigorous 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. In 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 selection all his vegetables, * so that they were greatly
“ superior o those of any other person. When his radishes,
43 Michel, ¢ Des Haras," p. 90. tion on the ancient selection of sheep ;
“ f the and is my authority for rams not

being killed young in England.
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“ 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
“ho treats all his other plants, varying the circumstances
“ according to their nature.”

In the great work on China published in the last century
by the Jesuits, and which is chiefly compiled from ancient
Chinese encyclopedias, 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 keeping the flocks separate.” The same
principles were applied by the Chinese to various plants and
fruit-trees.** An nnpemd edict recommends the choice of
seed of remarkable size; and selection was prachucd even
by imperial hands, for it is said that the Ya-mi, or imperial
Tice, was noticed at an ancient period in a field by the Em-
peror 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 preony (P. moutan) has been 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.5

Turning now to semi-civilised people and to savages: it
oceurred 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 mo care in
breeding or selecting them; and this to a large extent is
true. Roulin,® however, describes in Columbia a naked race
of cattle, which are not allowed to increase, on account of
their delicate constitution. According to Azara ®* horses are
often born in Paraguay with curly hair; but, as the natives

1 ¢ Communications o Board of  to Khang] lru, see Hue's ¢Chinese Em-

Aglcnlmm, quoted in Dr. Darwin's
ymlogm, 1800, p. 451.
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o mot like them, they are destroyed. On the other hand,
Avara states that a hornless bull, born in 1770, was preserved
and propagated its race. I was informed of the existence in
Banda Oriental of a breed with reversed hair ; and the extra-
ordinary niata cattle first appeared and have since been kept
distinet in La Plata. Hence certain conspicuous variations
have been preserved, and others have been habitually
destroyed, in these countries, which are so little favourable
for careful selection. We have also scen that the inhabitants
sometimes introduce fresh cattle on their estates to prevent the
evil effects of closo interbreeding. On the other hand, T have
heard on reliable authority that the Gauchos of the Pampas
never take ny pains in selecting the best bulls or stallions
for breeding ; and this probably accounts for the cattle and
horses being remarkably uniform in character throughout the
immense range of the Argentine republic.

Looking to the Old World, in the Sahara Desert The
“ Touareg is as careful in the selection of his breeding Mahari
“ (a fine race of the dromedary) as the Arab is in that of his
“horse. The pedigrees are handed down, and many a drome-
« dary can boast a genealogy far longer than the descendants
« of the Darley Arabian.” % According to Pallas the Mongo-
lians endeavour to breed the Yaks or horse-tailed buffalocs
with white tails, for these are sold to the Chinese mandarins
as flyflappers; and Mooreroft, about seventy years after
Pallas, found that white-tailed animals were still selected for
breeding5

We have scen in the chapter on the Dog that savages in
different parts of North America and in Guiana cross their
dogs with wild Canid, 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 Thave been informed by
Mr. Yarrell) with the wild polecat, “ to give them more devil.”
According to Varro, the wild ass was formerly caught and
crossed with the tame animal to improve the breed, in the

% <The Great Sahara’ by the Rev.  burg,’ 1777, p. 249, Mooreroft and
H. B. Tristram, 1860, p, 238, Trebeck, ¢ Travels in’ the Himalayan
54 Pallas. ‘Act. Acad. St, Peters- Pra\'mﬁex, 1841,
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same manner as at the present day the natives of Java some-
times drive their cattle into the forests to cross with the wild
Banteng (Bos sondaicus).%® 1In 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 remark-
ably uniform manner;% and from this fact alone we may
infer careful breeding, more especially as the dogs of one
locality are famed throughout the country for their superio-
rity. I have heard of certain tribes of Esquimaux who take
pride in their teams of dogs being uniformly coloured. In
Guiana, as Sir R. Schomburgk 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 wif
they are kept in o 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 description.” The Indians told Sir
Robert that, if a dog proved bad or useless, he was not killed,
but was left to dic from sheer neglect. Hardly any nation is
more barbarous than the Fuegians, but I 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 muy be strong and well favoured.”
In the interior of Africa, negroes, who have not associated
with white men, show great anxiety toimprove 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.® At Falaba Mr.
Winwood Reade noticed an unusually fine horse, and the
negro King informed him that * the owner was noted for his
#skill in breeding horses.” 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

graph. i. part i. p. 65.

5 Livingstone’s * First Travels, pp.
191, see also * Expedition to
the ' Zambesi,” 1865, p. 495, for an
analogous case respecting '8 good
breed of goats.
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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 horns. “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 lock high-bred.”
“ They rarely or never make use of a handsome animal as a
“ beast of burden.”®® Thé power of discrimination which
these savages possess is wonderful, and they can recognise to
which tribe any cattle belong. Mr. Andersson further in-
forms me that the natives frequently match a particular bull
with a particular cow.

The most curious case of selection by semi-civilised people,
or indeed by any people, which T have found recorded, is that
given by Gareilazo de la Vega, a descendant of the Incas, as
having been practised in Peru before the country was sub-
jugated by the Spaniards® The Incas annually held great
hunts, when all the wild animals were driven from an im-
mense circuit to a central point. The beasts of prey were
first destroyed as injurious. The wild Guanacos and Vicunas
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 were likewise killed ;
“but the young females, with a certain number of males,
selected from the most beautiful and strong,” were given
their freedom. Here, then, we have selection by man aiding
natural selection. So that the Incas followed exactly the
reverse system of that which our Scottish sportsman 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

 Andersson’s ‘Travels in South 136,
Afriea” pp. 232, 818, 319, & $The Natmal History of Dee
., Vavasseur, in Bull. de ln  Side;’ 1855, p. 4
o @'Aclimat.,” tom. viii, 1861, p.
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and Vicuna, found wild and undoubtedly distinet species;
the Llama and Alpaca, known only in a domesticated con-
dition. These four animals appear so different, that most
naturalists, especially those who have studied these animals
in their native country, maintain that they are specifically
distinct, notwithstanding that no one pretends to have seen
& wild llama oralpaca. Mr, Ledger, however, who has closely
studied these animals both in Peru and during their exporta-
tion to Australia, and who has made many experiments on
their propagation, adduces arguments ™ which scem to me
conclusive, that the llama is the domesticated descendant of
the guanaco, and the alpaca of the vicuna. And now that we
know that these animals were systematically bred and selected
‘many centuries ago, there is nothing surprising in the great
amount of change which they have undergone.

It appeared to me at one time probable that, though
ancient and semi-civilised people might have attended to the
improvement 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
everywhere reigns supreme, and man is apt tovalue 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 Sonth Africa value their cattle for
uniformity of colour and enormously long horns, And Twill
now show that there is hardly any peculiarity in our most
useful animals which, from fashion, superstition, or some
other motive, has not been valued, and consequently pre-
served. With respect to cattle,  an early record,” according
1o Youatt,* ** speaks of a hundred white cows with red ears
 “heing demanded as a compensation by the princes of North
wand South Wales. If the cattle were of a dark or black
“eolour, 150 were to be presented.” So that colour was
attended to in Wales before its subjugation by England. Tn
Central Africa, an ox that beats the ground with its tail is
killed ; and in South Africa some of the Damaras will not eat

~ # ¢Bull, de la Soc. ’Acclimat.,” tom, vii., 1860, p. 457. % ¢Cattle, p. 48.
VoL It o
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the flesh of a spotted ox. The Kaffirs value an animal with
a musical voice; and “at a 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 Chineso
prefer rams without horns; the Tartars prefer them with
spirally wound horns, becauso the hornless are thought to
lose courage.® Some of the Damaras will not eat the flesh
of hornless sheep. In regard to horses, at the end of the
fifteenth century animals of the colour described as liart

were 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
seen, despise dun-coloured horses. So with dogs, Xenophon
wnd others at an ancient period were prejudiced in favour of
certain colours ; and * white or slate-coloured hunting dogs
were not esteemed.” ©

Turning to poultry, the old Roman gourmands thought
that the liver of a white goose was the most savoury. In
Paraguay black-skinned fowls are kept because they are
thought to be more productive, and their flesh the most proper
for invalids.®* In Guiana,as 1 am informed by Sir R. Schom-
burgk, the aborigines will not cat the flesh or eggs of the
fowl, but two races are kept distinct merely for ornuments
In the Philippines, no less than nine sub-varieties of the game-
cock are kept and named, o that they must be separately
bred.

At the present time in Europe, the smallest peculiarities
are carefully attended to in our most useful animals, cither
from fashion, or asa mark of purity of blood. Many examples
conld be given; two will suffice. “In the Western counties
“ of England the prejudice against a white pig is nearly as
“strong as against a black one in Yorkshire.” In one of the

® Livingstone’s Travels, p. 576;  ® F. Michel, ‘ Des Haras,' pp. 47,
Anierson, *1aks Fpumiy T, P
b respect to the sale in ¢ Col. Hamilton Smith, Dogs, in
HA, seo *Quarterly Beview,'  *Nat. Lib, vol. x. p. 103,
130, © Azara, ‘Quadrupides du Para-
" icmoirssut les Chinols oy the  gaay,’ fom . p. 324,
!riul(n), 1786, tom. xi. p. 57.
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Berkshire sub-breeds, it is said, “ the white should be confined
“to four white feet, a white spot between the eyes, and a fow
«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
cattlo, 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 de Gfoohl are valued for many good qualities, but they
must have horns of a particular curvature and tint, so much
50 that mechanical means are applied if they take a wrong
direction ; but tho inhabitants “ consider it of the highest
“importance that the nostrils of the bull should be flesh-
“coloured, and the oyelashes light; this is an indispensable
“oondition. A calf with blue nostrils would not be pur-
“chased, or purchased at a very low price.” ™ Therefore lot
n0 man say that any point or character is too trifling to be
methodically attended to and selected by breeders.

Unconscious Selection.—By this term I 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. It is difficult to offer direct proofs of the results
- which follow from this kind of selection; but the indirect
evidence is abundant. In fact, except that in the one case
~ man acts intentionally, and in the other \lmntentlonallv,
 there is little diff: between 1 and
selection. In both cases man preserves the animals which
hmolt useful or pleasing to him, and destroys or neglects
others. But no doubta far more rapid result follows from
ical than from unconseious seleotion. The * roguing ”
its by gardeners, and the destruction by law in Henry
’s reign of all under-sized mares, are instances of a
the reverse of selection in the ordinary sense of the

® Sidney's edit. of Youatt, 1860, vnl il. p.

% T Moll et Cvlyut, Du Bouf,” 186,
e, Economy of Yorkshire, p. s
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word, but leading to the same general result. The influence
of the destruction of individuals having a 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 familics. This at least is the conclusion of some of
those who have closely studied the effects of the conseription;
and it is certain that since Napoleon's time the standard for
the army has been lowered two or three times.

Unconscious selection blends with methodical, so that it is
searcely possible to separate them, When a fancier long ago
first happened to notice a pigeon with an unusually short
beak, or ono with the tail-fathers unusually developed,
althongh he bred from these birds with the distinet intention
of propagating the variety, yet he conld not have intended to
‘make a short-faced tumbler or a fantail, and was far from know-
ing that he had made the first step towards this end. If he
could have seen the final result, he would have been struck
with astonishment, 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,

8o it has been with dogs; our present fox-hounds differ
from the old English hound ; our greyhounds have become
lighter : 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 closely resemble any native dog now found in the countries
whence they were brought. These changes have been effected
partly by crosses; but in every case the result has been
governed by the strictest selection. Nevertheless, there is no
reason to suppose that man intentionally and methodically
made the breeds exactly what they now are. As our horses
became fleeter, and the conntry more cultivated and smoother,
ficeter fox-hounds were desired and produced, but probably
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without any one distinctly foreseeing what they would become.
Our pointers and setters, the latter almost certainly descended
from large spaniels, have been greatly modified in accordance
with fashion and the desire for increased speed. Wolves have
become extinct, and so has the wolf-dog; 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, I will now breed my dogs of
smaller size, and thus create the present race. As circum-
stances changed, men unconsciously and slowly modified their
course of selection.

With race-horses selection for swiftness has been followed
methodically, and our horses now easily surpass their pro-
genitors, The increased size and different appearance of the
English race-horse led a good observer in India to ask, « Conld
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

ding to Youatt,® the i ion in Oliver
Cromwell’s time of three colebrated Eastern stallions speedily
affected the English breed ; “so that Lord Harleigh, one of
the old school, complained that the great horse was fast dis-
appearing.” This is an excellent proof how carofully selection
must have been attended to; for without such care, all traces
of 50 small an infusion of Eastern blood would soon have been
absorbed and lost. Notwithstanding that the climato of
England has never been esteemed particularly favourable to
the horse, yet long-continued seleotion, both methodical and
unconscious, together with that practised by the Arabs during
a still longer and earlier period, has ended in giving us tho
best breed of horses in the world, Macaulay ** remarks,

" % <The India Sporting Review, 7 “The Horse, p. 22,
vol. ii. p. 181; “The Stud Farm,’ by 7 ¢ History of England,’ val. i. p.
Cecil, p. 58. 316,
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«Two men whose authority on such subjects was held in
« great esteem, the Duke of Newcastle and Sir 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
“bo 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 appear-
ance from any natural species, and which from its size has so
astonished many Eastern 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 Schaaff-
hausen has remarked,™ a horse equally unlike a race or dray
horse, and differing from any existing breed.

The results of wnconscious 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 years. 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
“go great, that they havo the appearance of being quite
« different varieties.” 7 I have seen several analogous and
well-marked cases with pigeons: for instance, I had a family
of barbs descended from those long bred by Sir J. Scbright,
and another family long bred by another fancier, and the two
families plainly differed from each other. Nathusius—and a
more competent witness could not be cited—observes that,
though the Shorthorns are remarkably uniform in ay

# ¢ Ucber BestiindigkeitderArten) ™ Youatt on Sheep, p. 315,
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(except in colour), yet the individual character and wishes of
each breeder become impressed on his cattle, so that different
herds differ slightly from one another.”” The Hereford cattle
assumed their present well-marked character soon after the
year 1769, through carcful selection by Mr. Tomkins,™ and
$he breed has lately split into two strains—one strain having
& white face, and differing slightly, it is said,’ in some other
points : but thero is no reason to beliove 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 swine in the year 1810 had greatly changed
from what it was in 1780; and since 1810 at least two
distinet sub-breeds have arisen bearing the same name.
Keeping in mind how rapidly all animals increase, and that
some must be annually slaughtered and some saved for
Dreeding, then, if the same breeder during a long course of
years deliberately settles which shall be saved and which
Shall Do killed, it is almost inevitable that his individual
furn of mind will influenco the character of his stock,
without his having had any intention to modify the breed.

Unconscious selection in the strictest sense of the word,
that is, the saving of the more useful animals and the neglect
or slanghter of the less useful, without any thought of the
futuro, must have gone on occasionally from the remotest
period and amongst the most barbarous mations. 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 usefal animals. When the

Fuegians are hard pressed by want, they kill their old women

for food rather than their dogs; for, as we were assured,

“old women no uso—dogs catch ofters” The same sound

sense would surely lead them to preserve their more useful

dogs when still harder pressed by famine. Mr. Oldfield, who

Tas seen so much of the aborigines of Australia, informs me

71 ¢Ueher Shorthorn Rindvieh ™ Quarterly Review,' 1849, p
2,

1857, 5. 51, i,
™ Low, ‘Domesticated Animals,’ % H. von Nathusius, *Vorstudien
1845, p. 363,

. .+ . Schweincschiidel,’ 1864, 5. 140,
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that “ they are all very glad to get a European kangaroo dog,
and several instances have been known of the father killing
his own infint that the mother might suckle the much-prized
puppy.” Different kinds of dogs would be useful to the
Australian for hunting opossums and kangaroos, and to the
Fuegian for catching fish and ofters; and the occasional
preservation in the two countries of the most useful animals
would ultimately lead to the formation of two widely distinct
breeds.

‘With plants, from the earliest dawn of civilisation, the best
variety which was known would generally have been cultivated
at each period and its seeds occasionally sown ; so that there
will have been some selection from an extremely remote
period, but without any prefixed standard of excellence or
thought of the future. We at 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 Switzerland, as given in a former chapter; for he shows
that the grain and seed of our present varieties of wheat,
barley, oats, peas, beans, lentils, and poppy, exceed in size
those which were cultivated in Switzerland during the
Neolithic and Bronze periods. These ancient people, during
the Neolithic period, possessed also a crab considerably larger
than that now growing wild on the Jura.* The pears described
by Pliny wero evidently extremely inferior in quality to our
present pears.  We can realise the effects of long-continued
selection and cultivation in another way, for would any 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 the
melon; and as the Romans, who were such gourmands, are
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 flowers,

slo Dr. Chris, in Riti- 4 The pasagois given, Bull, Soc.
m:,el:‘l’fnhlhlnlen, 1801, 226, CAccimaty’ 1858, b 11,
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fruit, and vegetables which were then cultivated with some
excellent drawings made a hundred and fifty years previously,
was struck with surprise at the great improvement which had
been effected ; and remarks that these ancient flowers and
vegetables would now be rejected, not only by a flovist but by
a village gardener. Since the time of Buffon the work of
improvement has steadily and rapidly gone on. Every florist
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 varieties of Pelargonium
raised by Mr. Garth only twenty-two years before, remarks,
“ What a rage they excited : surely we had attained perfection,
it was said; and now not one of the flowers of those days
“ will be looked at. Butnone 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? Here again nature did not advance by leaps;
“the improvement was gradual, and if we had neglected
“ those very gradual advances, we must have foregone the
“ present grand results” How well this practical horti-
culturist appreciates and illustrates the gradual and accumu-
lative force of selection! The Dalilia has advanced in beauty
in a like manner; the line of improvement being gnided by
fashion, and by the sucessive modifications 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
50 many flowers and the number of the varicties which have
been raised is all the more striking when we hear that the

85y Jousnal of Horticulture, 1863,  Floricult. Soc, in * Gardener’s Chro-

. 394, nicle,” 1843, p. 8
o Gardeaers Chronicley 1857, % Jouraay o Hortculture; Oct,
P55 24th, 1863, p. 29,

% See Mr, Wildman's address to the
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carliest known flower-garden in Europe, namely at Padua,
dates only from the year 154557

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 dis-
tinet species, which are valued for different parts, such as for
the leaves, or stems, or tubers, the seed, or fruit, or flowers.
Whatever part man values most, that part will be found to
present the greatest amount of difference. With trees culti-
vated 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, chestnuts, &e., it is
the seed itself which is larger ; and he accounts for this fact
by the fruit in the one case, and by the sced 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 close
similarity of the other parts in these same plants.**

In order to judge how far my own impression on this
subject was correct, I cultivated numerous varicties of the
same species close to one another. The comparison of the
amount of difference between widely different organs is neces-
sarily vague; 1 will therefore give the results in only a fow
cases. We have previously seen in the ninth chapter how
areatly the varieties of the cabbage differ in their foliage and
stems, which are the selected parts, and how closely they re-
semble one another in their flowers, capsules, and seeds.
seven varieties of the radish, the roots differed greatly in
colour and shape, but no difference whatever could be detected
in their foliage, flowers, or seeds. Now what a contrast is
* FraelfX SHRE MBIRINL T deveuth captens T hav iren et

on the potato; and I can confirm

gmc ¢Pomologie Physiolo-  similar remnllu with respect to the
gique,’ 1850, p. 473 Gallesio, *Teoria  onion, 1 have also shown how far
della Riproduzione,’ 1816, p. 88; Naudin concurs in regard to_the
Godron, *De I'Espece,’ 1859, tom. ii.  varieties of the melon, '

pp. 63, 67, 70. In my tenth and
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presented, if we compare the flowers of the varicties of these
two plants with those of any species cultivated in our flower-
gardens for ornament; or if we compare their seeds with
those of the varictics of maize, peas, beans, &c., which are
valued and cultivated for their seeds. In the ninth chapter
it was shown that the varieties of the pea differ but little
excopt in the tallness of the plant, moderately in the shape of
the pod, and greatly in the pea itself, and these are all selected
points. The varieties, however, of the Pois sans parchemin
differ much more in their pods, and these are eaten and valued.
I cultivated twelve varieties of the common bean ; one alone,
the Dwarf 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 varicties of the gooseherry, as formerly described, differ
 much in their fruit, but hardly perceptibly in their flowers or
organs of vegetation. With the plum, the differences likewise
appear to be greater in the fruit than in the flowers or leaves.
On the other hand, the sced 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
recoptacle — differs in several varieties. In apples, pears,
“and peaches the flowers and leaves differ considerably, but not,
as far as I can judge, in proportion with the fruit. The
 Chinese double-flowering peaches, on the other hand, show
- that varicties of this tree have been formed, which differ
‘more in flower than in froit. If, as is highly probable, the
is the modified descent of the almond,  surprising
t of change has been effected in the same species,
the fleshy covering of the former and in the kernels of the

When parts stand in close relationship to each other, such
the seed and the fleshy covering of the fruit (whatever
homological nature wmay be), changes in the one are
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usually accompanied by modifications in the other, though
not necessarily to the same degree. With the plum-tree,
for instance, some varieties prodnce 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 varietis of the plum. In other
cases organs which are not manifestly related, through
some unknown bond vary together, and are consequently
liable, without any intention on man's part, to be simul-
taneously acted on by selection. Thus the varicties of the
stock (Matthiola) have been selected solely for the beauty of
their flowers, but the seeds differ greatly in colour and some-
whatinsize. Varieties of the lettuce 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 variety 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 Tused 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 gene~
rally 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 I could judge, by
that part or organ for which the plant was cultivated.

‘When we bear in mind that each plant was at first culti-
vated 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 variations in these parts
having been successively preserved, and thus continually
augmented ; whilst other variations, excepting such as in-
evitably appeared through correlation, were neglected and -
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lost. We may therefore infer that most plants might be
wmade, through long-continued selection, to yield races as
different from one another in any character as they now are
in those parts for which they are valued and cultivated.

With animals we see nothing of the same kind; but a
sufficient number of species have not been domesticated 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 fleetness or strength; and we do not 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 dromedary 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 dog is kept solely to serve for food, as in the Polynesian
islands and_China, it is described as an extremely stupid
animal®*  Blumenbach remarks that *many dogs, such as
“ the badger-dog, have a build so marked and so appropriate
“for particular purposes, that I should find it very difficult
“4o persuade myscl? tlmt this astonishing figure was an

7% Had Blumen-
hwhmﬂwmi on the Wc prmuple of selection, he would not
have used the term degeneration, and he would not have been
astonished that dogs and other animals should become excel-
lently adapted for the service of man,

On the whole we may conclude that whatever part or
character is most valued—whether the leaves, stems, tubers,
Tulbs, flowers, fruit, or secd of plants, or the size, strength,
fleetness, hairy covering, or intellect of animals—that cha-
racter will almost invariably be found to present the greatest
- amount of difference both in kind and degree. And this

result may be safely atributed to man having preserved
 during a long course of generations the variations which
- were useful to him, and neglected the others.

" ® Godron, *De IEspice.’ tom.ii. % ¢The Amn.pnxagmx Jrostise
e of Blumenbach,” 1856,
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1 will conclude this chapter by some remarks on an im-
portant subject. With animals such as the giraffe, of which
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. Butin
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 head, or tongue, or fore-limbs
elongated a very littlo without any corresponding modifica-
tion in other parts of the body; and animals thus slightly
modified would, during a dearth, have a slight advantage,
and be enabled to browse on higher twigs, and thus survive.
A few mouthfuls more or less every day would make all the
difference between life and death. By the repetition of the
same process, and by the occasional intercrossing of the sur-
vivors, there would be some progress, slow and fluctuating
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 head, 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
Dby crosses, and so forth—we may feel assured that if we
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could see the long line of ancestors of a first-rate 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 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
i 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 to perfection in any such way is an im-
“ probability of the same kind and degree as that of producing
“a poem or a mathematical demonstration by throwing
“Jetters at random on a table” If the eye were 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 changes? There are
persons who can see distinctly only in a dull light, and this
condition depends, T believe, on the abnormal sensitiveness of
the retina, and is known to be inherited. Now if a bird, for
instance, receive some great advantage from seeing 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 little larger, or the pupil capable of greater dilatation,
. be likewise preserved, whether or not these modifications
‘were strictly simultaneous? These individuals would sub-
quently intercross and blend their respective advantages.
By such slight successive changes, the eye of a diurnal bird
ould be brought into the corglition of that of an owl, which
on " T, Nuxphy, in| hu opening cautiously given by the Rev. C.
4o the Belfast Pritchard, Pres. Royal Astronomical
Bﬁlm e L e (Appendix, p. )

ov. 19, 1866. DMr. Murphy  preached before the British Asso
follows the line of argument tion at Nottingham, 1856,
‘my views previously and more 5

b
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has often been advanced as an excellent instance of adapta-
tion. Short-sight, which is often inherited, permits a person
to see distinetly a minute object at so near a distance that it
would be indistinet to ordinary eyes; and here we have a
capacity which might be serviceable under certain conditions,
abruptly gained. The Fuegians on board the Beagle could
certainly see distant objects more distinctly than our sailors
with all their long practice; I do not know whether this
depends upon sensitiveness or on the power of adjustment in
the focus; but this capacity for dmf..mt vlsmn mlght n is
probable, be slightly
of either kind. Amphibious :mmmls which are enabled to
see 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 the front of the crystalline and over a space equal to the
« diameter of that lens, whilst the lateral portions may be
« much curved.” The crystalline is very nearly a sphere, and
the humours have nearly the same density as water. Now
as a terrestrial animal became more and more aquatic in its
habits, very slight changes, first in the curvature of the
cornea or crystalline, and then in the density of the humours,
or conversely, might successively ocenr, and would be advan-
tageous to the animal whilst under water, without serious
detriment to its power of vision in the air. It is of course
impossible to conjecture by what steps the fundamental
structure of the eyein the Vertebrata was originally acquired,
for we know 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 indicated, as I have
attempted to show in my ¢ Origin of Species.’

” On the Vision of Fishes and  p. 469.
translated in * Annals .ml 5 Sixth edition, 1872, p. 144,
at. Hist.,’ vol. x

© The Complete Work of Charles Darwin Online



Cuar. XXT NATURAL SELECTION. 209

CHAPTER XXI
SELECTION, continued.

© NATURAL SELECTION AS AFFECTING DOMESTIO PRODUCTIONS — CHARACTERS
| WHICH APPEAR OF TRIFLING VALUE OFTEN OF REAL IMPORTANCE—
: CIECUMSTANCES FPAVOURALLE TO SELECTION BY MAN — FACHATY IN
l PREVENTING AND THE NATURE OF THE cn:nmnws—mx

OF DROVIDUALE TAERGIALLY. ZATOUAABL- WERN. W0

0 R OF LAPSE OF TIME
“MANNER IN WHICH DOMESTIC RACES HAVE ORIGINATED—SUMMARY.

Natural Selection, or the Survival of the Fittest, as affecting
domestic productions.—WE know little on this head. But as
 animals kept by savages have to provide throughont the year
their own food either entirely or to a large extent, it can
hardly be doubted that in different countries, varieties dif-
fering in constitution and in various characters would
 sucoeed best, and so be naturally selected. Hence perhaps it
is that the few domesticated animals kept by savages partake,
has been remarked by more than one writer, of the wild
rance of their masters, and likewise resemble natural
Even in long-civilised countries, at least in the
parts, natural selection must act on our domestic races.

[tis obvious that varieties having very different habits, consti-
ition, and structure, would succeed best on mountains and
mh lowland pastures. For example, the improved Lei-
sheep were formerly taken to the Lammermuir Hills;
t an intelligent sheep-master reported that *our coarse
pastures were unequal to the task of supporting such
ivy-bodied sheep; and they gradually dwindled away
less and less bulk: cach generation was inferior to the
| 3
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« 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 larger and more delicate
Jowland 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 confident 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, glossy,
and mail-like plumage serving as a defence. Now the En-
glish 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 gene-
Tation, and have sul ly served as the progenitors of
their race. The same kind of double selection has come into
play with the carrier pigeon, for during their training the
inferior birds fail to return home and are lost, so that even
without selection by man only the superior birds propagate
their race.

In 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 scemed to have been formed for it and
“byit”+ 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
! Quoted by Youstt on Sheep, p. v, 1861, p. 311,

395, Sce also Youatt on Cattle, pp. _* *The Poultry Book,’ 1866, p. 123,
62, Mr. Tegetmeier, * The Homing or Car-

i MM. Lherbetto and Do Quatre- rier Pigeon,” 1871, pp. 45-98.

fuges, in ¢ Bull. Soc. d’Acclimat,’tom, ¢ Youatt on Sheep, p. 312.
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selection which we have seen is occasionally and uncon-
sciously followed by man even during the rudest periods of

s
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 with success.
From the facts to be given, it will also be seen that natural
selection would powerfully affect many of our domestic pro-
ductions 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. It may have
occurred to some naturalists, as it formerly did to me, that,
though selection acting under natural conditions would
* determine the structure of all important organs, yet that it
eould 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 make a breed with some serious
defect in structure, or in the mutual relation of the several
parts, he will partly or completely fail, or encounter much
difficulty ; he is in fact resisted by a form of natural selection.
We have seen that an attempt was once made in Yorkshire
to breed cattle with enormous buttocks, but the cows perished
50 often in bringing forth their calves, that the attempt had
tobe given up. In rearing short-faced tnmblers, Mr. Eaton
5 %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
the shell with its beak, and so perishes.” Here is
 more curious case, in which natural selection comes into

from 1827 to 1830, the plains of La Plata suffer from long-

med droughts and the pasture is burnt up; at such

common cattle and horses perish by the thousand, but

survive by browsing on twigs, reeds, &c.; this the
& ¢ Treatise on the Almond Tumbler,’ 1851, p. 33.

r2
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Niata cattle cannot so well effect from their upturned jaws
and the shape of their lips ; consequently, if not attended to,
they perish before the other cattle. In Columbia, according
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, however,
natural selection determines only the range of the vu.nety.
1t is obvious that a host of artificial races could never surnve
in a state of nat h as Italian h

and almost toothless Turkish dogs,—fantail pigoons, wluch
caunot fly well against a strong wind,—barbs and Polish
fowls, with their vision impeded by their eye wattles and
great topknots,—hornless bulls and rams, which consequently
canmot 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. Ina future chapter I shall have to show that con-
stitutional peculiarities of the strangest kind, entailing
liability to the action of cerfain poisons, are correlated with
the colour of the skin. I 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 ascertained that these animals
feed on the roots of the Lacknanthes 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 alone have a good chance of living.”
So that here we have artificial and natural selection work-
ing hand in hand. I may add that in the Tarentino the
inhabitants keep black sheep alone, because the Hypericum
erispum abounds thero; and this plant does not injure black
sheep, but kills the white ones in about a fortnight's time.®

Complexion, and liability to certain diseases, are belioved.

¢ Dr. Heusinger, * Wochsuschrift fitr die Heilkunde,” Berlin, 1846, s, 270,
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to run together in man and the lower animals. Thus white
terriers suffer moro than those of any other colour from the
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 infocted
“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 victims,
Wwhen tho disease first appeared, were the yellow-fleshed
Wpeaches, The white-fleshed kinds are much more rarely
“attacked ; in some parts of the country never.” In Mauri-
$ins, tho white sugar-canes have of late years been soseverely
. attacked by a discase, that many planters have been compelled
%0 give up growing this variety (although fresh plants were
imported from China for trial), and cultivate only red canes.?
- Now, if these plants had been forced to struggle with other
competing plants and enemies, ther cannot be a doubt that the
colour of the flesh or skin of the fruit, unimportant as these
characters aro considered, would have rigorously determined
their existence.
- Liability to the attacks of parasites is also connected with
wlour. White chickens are certainly more subject than dark-
eoloured 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 close to other kinds, was alone attacked
by a parasitic fungus.1? White verbenas are especially liable
tfomildew.* Near Malaga, during an carly period of the vine-

¢

4 3 Toustt oo the Dog, p 25 879,
Frui B i Q\utre{-;u,‘lhlndm Actueles
] l“ﬁ. l: ;. ﬁ)r peaches, p 466, ' du Ver i Soey 1839,

ot hrte and *Garde: nursChmmck, 185!, P
{l.un(m,‘ 1852, p. B
unv 1 ¢ Journal of Horticulture,’ 1852,
10 ¢Gardener’s Chronicle,’ 1858, p.  p. 470.
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disease, the green sorts snffered most; “and red and black
grapes, even when interwoven with the sick plants, suffered
not at all.” In France whole groups of varieties were com-
paratively 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
discase was here observed In a former chapter it was
shown how curiously liable one variety of the strawberry is
to mildew.

It 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, becanse 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 sensitive to the bites of inseets. In the West
Indies?" it is said that  the only horned cattle fit for work
« are those which have a good deal of black in them. The
« white are terribly tormented by the insects; and they are
« weak and sluggish in proportion to the white.”

In Devonshire there is & prejudice against white pigs,
because it is believed that the sun blisters them when turned
out;'* and I knew a man who would not keep white pigs in
Kent, for the same reason. The scorching of flowers by the
sun seems likewise to depend much on colour; thus, dark

largoniums suffer most; and from various accounts it is
clear that the cloth-of-gold varicty will not withstand a
degree of exposure to sunshine which other varieties enjoy.
Another amateur asserts that not only all dark-coloured
verbenas, but likewiso scarlets, suffer from the sun: “the
paler kinds stand better, and pale blue is perhaps the best of
all”  So again with the heartsease (Viola fricolor); hot

1 ¢ Gardener’s Chronicle,” 1852, in West Indies” ‘Home and Col.
PR35, 60L hmry. p. 100,

1s Bechstein, ¢ Naturgesch. Deutsch- idney’s edit. of Youatt on the
lands, 601, B ,p 24 T have given analogous
richard, * Phys, Hist. of Man- e oo o ot mnnkmtl in_my
kim{,’ w.‘x, vol. i. p. 224, “Descent of Man,’ 2nd edit. p. 195.
3G, Lewis's ¢
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weather suits the blotched sorts, whilst it dostroys the beau-
tiful markings of some other kinds." During one extremely
cold season in Holland all red-flowered hyacinths were
observed to be very inferior in quality. It is belioved by
‘many agriculturists that red wheat is hardier in northern
climates than white wheat.

With animals, white varieties from being conspicuous are
the most lible to be attacked by beasts and birds of prey.
Tn parts of Franceand Germany where hawks abound, persons
are advised not to keep white pigeons; for, as Parmentier
says, “it is certain that in a flock the white always first fall
victims to the kite” In Belgium, where so many societies
have been established for the flight of carrier-pigeons, white
is the one colour which for the same reason is disliked.”*
Prof. G. Jaeger®® whilst fishing found four pigeons which
had been killed by hawks, and all were white; on another
occasion he examined the eyrio of a hawk, and the feathers of
the pigeons which had been caught were all of a white or
yellow colour. On the other hand, it is said that the sea-
eagle (Falco ossifragus, Linn.) on the west coast of Ireland
picks out the black fowls, so that * the villagers 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
10 stock his woods with a nearly white and hardy kind of
rabbit, accounted in the same manner for their early dis-
appearance. Any one who will watch a white cat prowling
:{m her prey will soon perceive under what a disadvantage

e lies.

The white Tartarian cherry, « owing either to its colour

1 ¢ Journal of Horticulture,’ 1862,
Pp. 476, 498; 1865, p. 460. With
 respect fo the heartsease, ¢ Gardener's

Choniely 1863, . 625,

Die Jaciatben, do en Cultars;
ms. p. 53: on wheat, ¢ Gardener's
Chroniclo,’ 1845, p. 653,

1 W, B. Tegetmeier, ‘The Field,’

Feb. 25, 1865. With respect to black
fowls, see o quotation_ in Thompson’s
“Nat.' Hist. of Ireland,’ 1849, vol. i.

2,
(s, Sechen Decylzit RS
Wigand’ 1874, p. 7

U8, della .\ac e dihclat

tom. vil., 1860, p. 3
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being so much like that of the leaves, or to the frnit always
appearing from a distance unripe,” is not so readily attacked
by birds as othersorts. -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.”* This immunity, though a benefit to the
gardener, would be a disadvantage in a state of nature both
to the cherry and raspberry, as dissemination depends on
birds. I noticed during several winters that some trees of
the yellow-berried holly, which were raised from seed from a
tree found wild 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 aucuparia) 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 less freely, than
the common varieties of these two trees.

Independently of colour, trifling differences are sometimes
found to be of importance to plants under enltivation, 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 parchemin, are attacked by
birds? much more commonly than ordinary peas. On the
other hand, the purple-podded pea, which has a hard shell,
escaped the attacks of tomtits (Parus major) in my garden far
better than any other kind. The thin-shelled walnut like-
wise suffers greatly from the tomtit.* These same birds
have been observed to pass over and thus favour the
filbert, destroying only the other kinds of nuts which grow
in the same orchard.*”

Certain varieties of the pear have soft bark, and these
suffer severely from wood-boring beetles; whilst other

* “Transact. Hort. Soc,’ vol. i, 200 # ¢Gardener's Chronicle,” 1843, p.
3 For raspl:ernea, X

o <Gard. Chioniele, 1835, i 2 Ibid., 1850, p. 732,

and 1863, p. 245. + Ihid., 1860, p. 956.
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varietics aro known 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 uncompromising foe of all smooth stone-fruits ;”
and the cultivator “ has the frequent mortification of seeing
nearly all, or indeed often the whole crop, fall from the trees

when half or two-thirds grown.”
suffers more than the peach.

Hence the nectarine
A particular 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 cause, certain
varietics of the applo enjoy, as we have seen, the great ad-
vantage in various parts of the world of not being infested by

the coccus.

On the other hand, a particular case has been re-

corded in which aphides confined themselves tothe Winter Nelis

pear and touched no other kind in an extensive orchard® The

existence of minute glands on the leaves of peaches, nectarines,

and apricots, would not be esteemed by botanists as a charac-

terof tho least importance, for they are present or absent in
haal

Jat

from the same parent-

y
treo; yet them is good evidenco® that tho absence of
glands leads to mildew, which is highly injurious to these

trees.

A difference cither in flavour orin the amount of nutriment

in certain varicties causes them to be more eagerly attacked
by various enemies than other varioties of the same species.
Bullfinches (Pyrrhula vulgaris) injure our fruit-trees by
devouring the flower-buds, and a pair of these birds have
Teen seen * to denude a large plum-tree in a conple of days of
almost every bud;” but certain varieties® of the apple and
thorn (Craimgus oxyacantha) are more especially liable to
Do attacked. A striking instance of this was observed in

8 J. De Jonghe, in ‘Gardener's
'chmnh.-u,' 1860, p. 120.

B i, Fuit trow of Farth
mu, PP 08, 501 1 in regard to
t\nnh-rry. P- 198,

ardener’s Chronicle,’ 1849, p.

Mr. Riyers's garden, in which tworows of a particular

# ¢ Journal of Horticulture,’ Sept.
26th, ‘1865, p. 254; s other re-
Izrence.\ given in chap. x.

* Mr. Selby, in *Mag. of Zoology
and Botany,” Edinburgh, vol. i, 1838,

95.

© The Complete Work of Charles Darwin Online



218 SELECTION. Cuar. XXL

variety of plum® had to be carefully protected, as they were
usually stripped of all their buds during the winter, whilst
other sorts growing near them escaped. The root (or en-
larged stem) of Laing’s Swedish turnip is preferred by hares,
and therefore suffers more than other varieties. Hares and
rabbits eat down common rye before St. Johw's-day-rye,
when both grow together# In the sonthof France, when
an orchard of almond-trees is formed, the nuts of the bitter
variety are sown, “in order that they may mot be devoured
by field-mice;"% so we see the use of the bitter principle
in almonds.

Other slight differences, which would be thought quite
unimportant, 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
often fails, In one variety of the cherry, according to Mr.
Rivers,” the petals are much curled backwards, and in con-
sequence 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 remarkably un-
equal in height; and a competent observer believes that
this variety is highly productive, partly becanse the ears
from being distributed at various heights above the ground
are less crowded together. The same observer maintains that
in the upright varieties the divergent awnsare serviceable by
breaking the shocks when the cars 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 Coutenr believes, * in our wheat-fields, for, as

= The Relse Clinie da Deray, 3 Godron, ¢ De I'Espiee;’ tom. ii. p.
‘ Jourmal of Hortenlture] Dee. 27, 08,

1864, 3 ¢ Gardenor’s Chron., 1866, p. 732

et r usey, in ‘Journal of * ¢ Gardener's Chronicle,’ 1862, pp.

Agricult. Soc.”vol. ¥i. p. 179 m 810, 821.
Swadish turnips, sce *Gard, Chron, ¥ On the Varieties of Wheat,' p.
1847, p. 91 59.
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formerly shown, no variety is quite uniform in character.
The same thing, as T am assured by nurserymen, would take
place in our flower-gardens, if the seed of the different
varieties were not separately saved. When the eggs of the
wild and tame duck are hatched together, the young wild
ducks almost invariably perish, from being of smaller size
and not getting their fair share of food.3?

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
cautions in judging what characters are of importance in a
stato of nature to animals and plants, which have to struggle

~ for existence from the hour of their birth to that of their
death,—their existence depending on conditions, about which
we are profoundly ignorant.

Circumstances favourable to Selection by Man.

The possibility of selection rests on variability, and this, as
we shall seo in the following chapters, mainly depends on
changed conditions of life, but is governed by infinitely com-
plex and unknown laws. Domestication, even when long
continued, occasionally causes but a small amount of varia-
bility, as in the case of the goose and turkey. The slight
differences, however, which characterise each individual
animal and plant would in most, probably in all, cases suffice
for the production of distinet races through careful and pro-
longed selection. Weo see what selection, though acting on
‘mere individual differences, can effect when families of cattle,
sheep, pigeons, &c., of the same race, have been separately
bred during a number of years by different men without any
‘wish on their part to modify the breed. We see the same
fact in the difference 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 ;
;.m facility in pairing, as with the pigeon, is highly

F: ewitt andothers, i Jour- 4 *Encyclop, of Baral Sport p.
plunm 1862, p. 775, 405,
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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. Un-
favourable 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 inhospitable land,
such as the Falkland Islands, where even the light horses of
La Plata rapidly decrease in size. It seems impossible to
preservo several English breeds of sheep in France; for as
s0on as the lambs are weaned their vigour decays as the heat
of the summer increases:*? it would be impossible to give
great length of wool to sheep within the tropics; yet
selection has kept the Merino breed nearly true under diver-
sified and unfavourable conditions. The power of selection
is 80 great, that breeds of the dog, sheep, and poultry, of the
largest and smallest size, long and short beaked pigeons, and
other breeds with opposite characters, have had their charac-
teristic qualities angmented, 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 uso or habit. Our wonderfully-improved pigs
could never have been formed if they had been forced to
search for their own food ; the English race-horse and grey-
hound 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 gemerally the result of the
selection of slight individual differences. Hence the closest
attention, the sharpest powers of observation, and indomitable
perseverance, are indispensable. It is, also, highly important

4 Col. Le Couteur, Jouraal Rey.  Agrieut.So. ol iv, 1635, p. 215,
Agrxcnlt 3. 27, 3

alingié - Nmul, CJournal R.
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that many individuals of the breed which is to 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 individuals should be
raised, it is necessary that the conditions of life should favour
the propagation of the specics. Had the peacock been reared
as easily as the fowl, we should probably ere this have had
many distinct races. We see the importance of a large
mumber of plants, from the fact of nursery gardeners 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 England, yet
a decidedly improved varicty is rarely obtained. At Messrs,
Carter’s grounds, in Essex, where such flowers as the Lobelia,
Nemophila, Mignonette, &c., are grown by the acre for sced,
“scarcely @ scason 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 seo new forms of Laburnums, Spiras,
and other shrubs.” % So with animals: Marshall,*® in speak-
ing 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 improved.” Lord Rivers, when asked how he suc-
ceeded in always having first-rate greyhounds, answered, * T
- breed many, and hang many.” This, as another man remarks,
“was the sceret of his success ; and the same will be found in
hibiting fowls, itors breed largely, and
keep the best.” +7

It follows from this that the capacity of breeding at an
carly age and at short intervals, as with pigeons, rabbits, &e.,
facilitates selection ; for the result is thus soon made visible,
Cand p in the work d. Tt can hardly be
S accident that the great majority of the culinary and agri-
plants which have yielded numerous races are annuals

4 ¢ Gandener’s Chronicle,’ 1845, p. 368,
46 ¢ A Review of Reports,’ 1808, p.

- ¥ ¢Journal of Horticulture,” 1862, 406,

i 157. ¢ Gardener’s Chronicle,’ 1853, p.
~# {Cottage Gardener, 1860, p. 45,
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or biennials, which therefore are capable of rapid propagation,
and thus of improvement. Sea-kale, asparagus, common and
Jerusalem artichokes, potatoes, nnd amon!v must be excepted,
as they are like anmuals,
and of tho other plants just spemﬁed none, with the exception
of the potato, have yicided in this conntry more than one or
two varieties. In the Mediterranean region, where artichokes
are often raised from seed, there are several kinds, as T hear
from Mr. Bentham. No doubt fruit-trees, which cannot be
propagated quickly by seed, have yielded a host of varieties,
though not permanent races; but these, judging from pre-
historic remains, have been produced at a comparatively late
period.

A species may be highly variable, but distinet races will
not be formed, if from any canse selection bo not applied. It
would be difficult to select slight variations in fishes from
their place of habitation ; and though the carp is extremely
variable and is much attended to in Germany, only one well-
marked race has been formed, as I hear from Lord A. Russell,
namely the spiegel-carpe ; and this is carefully secluded from
the common scaly kind. On the other hand, a closely allied
species, the gold-fish, from being reared in small vessels, and
from having been carefully attended to by the Chinese, has
yielded many races. Neither the bee, which has been semi-
Qomesticated from an extremely remote period, nor the cochi-
neal insect, which i by theaboriginal Mexicans,**
has yielded races; and it would be impossible to match the
queen-bee with any particular drone, and most difficult to
match cochineal insects. Silk-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 within the same country. Dogs are held in
abomination in the East, and their breeding is neglected;
consequently, as Prof. Moritz Wagner*® remarks, one kind
alone exists there. The ass in England varies much in

o lidors Goofvy SalntHiliis, @ ¢ Dié Darwin'sche Theorie und das
“ Hist ) tom. iil. p. 4 Migrationsgesetz der  Organismen,”
the Coehineal Tasety P 868, p. 19.
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colour and size; but as it is an animal of little value and
bred by poor people, there has been no selection, and distinct
races have not been formed. We must not attribute the
inferiority of our asses to climate, for in India they are of
oven smaller size than in Enrope. But when selection is
brought to bear on the ass, all is changed. Near Cordova, as T
am informed (Feb. 1860) by Mr. W. E. Webb, C.E., they are
- carefully bred, as much as 200% having been paid for a
- stallion ass, 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 some-
* times 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, a day being given for their
exhibition.®
Analogous fucts have been obscrved with plants:  the
g-tree in the Malay archipelago is highly variable, but
there as been no selection, and there are no distinct races.”
The common mignonette (Reseda odorata), from bearing in-
conspicuous flowers, valued solely for their fragrance, “ remains
“in the same unimproved condition as when first intro-
“duced.”* Our common forest-trees are very variable, as
imay be seen in every extensive nursery-ground; but as they
are not valued like fruit-trees, and as they seed late in life,
n0 selection has been applied to them; consequently, as Mr.
Patrick Matthews remarks,® they have not yielded distinct
Taces, leafing at different periods, growing to different sizes,
Jand p'rodlwmg timber fit for different purposes. We have
only some fanciful and semi-monstrous varieties,
- which no doubt appeared suddenly as we now see them.
~ Some botanists have argued that plants cannot have so
ko
B8 ntn. o s ot Bengss 5 3. Abbey, Jouraalofori
‘wol. xxviii, . 229, 3, p. 430,

3 culture,’ Dec. 1, 1863, p.
8 . 3;1;,, “Journal of the  ® +On Naval Timber, 1831, p.
Archipelago, vol. ii, 1848, p. 107,
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strong & tendency to vary as is generally supposed, because
many species long grown in botanic gardens, or unintention-
ally cultivated year after year mingled with our corn crops,
have not produced distinct races; but this is accounted for
by slight variations not having been selected and propagated.
Tiet a plant which is now grown in a botanic garden, or any
common weed, be cultivated on a large scale, and let a sharp-
sighted gardener look out for each slight varicty and sow the
seed, and then, if distinct races are not produced, the argnment
will be valid.

Tho importance of selection is likewiso shown by consider-
ing special characters. For instance, with most breeds of
fowls the form of the comb and the colour of the plumage
have been attended to, and are eminently characteristio of
each race; but in Dorkings, fashion has never demanded
uniformity of comb or colour; and the utmost diversity in
these respects prevails. Rose-combs, double-combs, cup-combs,
&e., and colours of all kinds, may be 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 other.

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 improvement is eagerly sought and selected.
Thus, with short-faced tumbler-pigeons, the shortness of the
beals, shape of head and plumage,—with carriets, 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 ecar, are all points which are
eminently variable. So it is in every case; and the large
price paid for first-rate animals proves the difficulty of breed-
ing them up to the highest standard of excellence. This
subject has been discussed by fanciers®® and the greater

s Mr. llmly, in “The Po\lllry Chro- 3 <Cottage Gardener,’ 1855, De-

nicle,’ vol. Also  cember, p. 171; 1856, January, pp.
vl £, p. 8423 vol. 8, 525,
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prizes given for highly improved breeds, in comparison with
those given for old breeds which are not now undergoing
rapid improvement, have been fully justified. Nathusius
makes®® a similar remark when discussing the less uniform
character of improved Shorthorn cattle and of the English
horse, in comparison, for example, with the unennobled cattle
of Hungary, or with the horses of ‘the Asiatic steppes. This
want of uniformity in the parts which at the time are under-
going selection chiefly depends on the strength of the prin-
ciple of reversion; but it likewise depends to a certain
extent on the continued 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 of iability, and more espe-
cially of reversion, all highly improved races, if neglected or
not subjected to incessant selection, soon degenerate. Youatt
gives a curious instance of this in some cattle formerly kept
in Glamorganshire; but in this case the cattle were not fed
with sufficient care. Mr. Baker, in his memoir on the Horse,
sums up: “It must have been observed in the preceding
- “pages that, whenover thero has been noglect, the breed has
] "5 If a considerable number
of improved cattle, sheep, or other animals of the same race,
swere 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 generations they would
e very far from excellent of their kind; but, from what we
see of the many common races of dogs, cattle, fowls, pigeons,
&c., which without any particular carb 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 T

o ‘Uebtr Shorthorn Rindvieh,’  720. For the Glamorganshire cattle,
1857, 5. see Youatt on Cattle, p. 51.

B "l'ha Veterinary,’ vol. i
~ VOL. 1L Q
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have attempted to show in the fourteenth chapter that this
‘belief apparently resolves itself into the following proposition,
namely, that all characters whatever, whether recentl
lequired or ancient, tend to be transmitted, but that those
which have already long withstood all comnteracting in-
finences, will, as a general. rule, continue to withstand them,
and be fuithfully

Tendency in Man to carry the practice of Selection to an extreme
point.

Tt is an important principle that in the process of selection
man almost invariably wishes to go to an extreme point.
Thus, there is no limit to his desire to breed certain kinds of
Torses and dogs as fleet 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 prodnce
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
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 comparatively new variety, namely, the Arch-
angel, remarks, ** What fanciers intend doing with this bird
“Tam 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
« peculiaritics, whatever they may be, must necessarily be
«fully developed: a little peculiarity forms nought but
« ugliness, seeing it violates the existing laws of symmetry.”
8o 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 present state of various domestic

3. M Eatoo, tA Tretie on Mr. Brect, fn ‘Cottage Gurlensil
Fancy Figeons? pr 83 Ferguson, on  Oct. 1850, p. 1
“Rare and Prize Poultry, p. 1623
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races. We can thus sce how it is that race-horses and dray-
horses, greyhounds and mastiffs, which are opposed to cach
other in every character,—how varieties so distinet as Cochin-
china fowls and bantams, or carrier-pigeons with very long
beaks, and tumblers with excessively short beaks, have been
derived from tho same stock. As each breed is slowly im-
proved, the inferior varicties are first neglected and finally
lost. Tn a fow cases, by the aid of old records, or from inter-
mediate varieties still existing in countries where other
fashions have prevailed, we aro enabled 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 neslect and slow
inction of the i and less-valued forms, is the
key which unlocks the mystery of how man has produced
such wonderful results,
Tn a few instances selection, guided by utility for a single
, has led to convergenco of character. All the im-
proved and different races of the pig, as Nathusius has well
shown,® closely approach cach other in character, in their
shortened legs and muzzles, their almost hairless, large,
rounded bodies, and small tusks. We see some degree of
eonvergence in the similar ontline of the body in well-bred
eattle belonging to distinct races® I know of no other such

LA L e i e A

Continued divergence of character depends on, and is indeed
proof, as previously remarked, of the same parts con-
to vary in the same direction. The tendency to mere
variability or plasticity of organisation can certainly
inherited, even from one parent, as has been shown by
irtner and Kilreuter, in the production of varying hybrids
m two species, of which one alone was variable, It is in

again vary in the same manner, if the conditions which
caused the being to vary remain, as far as can be judged,
he same. This is cither tacitly or expressly admitted by all

“Die Racen des Scheines, 1860, head by M. de Quatrefuges, * Unite de
4 PEspece Humoine,” 1861, p. 119,
Ste some good remarks on this
Q2
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hortienlturists: 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 fastigate or upright Trish yew is described as differ-
ing greatly from the parent-form “by the exaggeration of
the fastigate habit of its branches.” ©* = Mr, Shirreff, who has
been highly successful 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 had
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 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 quutum,
what s the limit to the possible amount of variation in any
pm or quality, and, consequently, is thero any limit to what

selection can effect? Will a race-horse ever be reared fleeter
than Eclipse? Can our prize-cattle and sheep be still further
improvod? Will a gooscherry ever weigh more than that
produced by “London” in 1852? Will the beet-root in
France yield a greater percentage of sugar? Will future
varieties of wheat and other grain produce heavier crops than
our present varieties? These questions cannot be positively
answered ; but it is certain that we ought to be unumu in
answering them by a negative. In some lines of variati
the limit has probably been reached. Youatt believes
the reduction of bone in some of our sheep has already
carried so far that it entails great delicacy of constitution.
oo TR0 TR SR B e s Mg TR

@ Mr. Patrick Shirreff, in *Gard. Youatt on Sheep, p. 521.
Chronicle,’ 1858, p. 771,
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But secing the great improvement within recent times in onr
~ cattle and sheep, and especially in our pigs; secing the
~ wonderful increase in weight in our poultry of all kinds
~ during the last few years; he would be a bold man who
~ would assert that perfection has been reached. It has often
‘been said that Eclipse never was, and nover will be, beaten in
speed by any other horse; but on making inquiries I find
that the best judges believe that our present race-horses are
fleeter. The attempt to raise a new variety of wheat more
productive than the many old kinds, might have been thought
until lately quite hopeless; but this has been effected by
Major Hallett, by careful sclection. With respect to almost
all our animals and plants, those who are best qualified to
judge do not believe that the extreme point of perfection has
yet been reached even in the characters which have already
been carried to a high standard. For instance, the short-
faced tumbler-pigeon has been greatly Todified ; nevertheless,
according to Mr. Eaton,% « the field s still as open for fresh
competitors as it was one hundred years ago.” Over and
~ over again it has been said that perfection had been attained
with our flowers, but a higher standard has soon been reached.
Hardly any fruit has been more improved than the straw-
berry, yet a great authority remarks “it must not be
“concealed that we are far from the extreme limits at which
‘We may arrive.”
~ No doubt thero is a limit beyond which the organisation
cannot be modified compatibly with health or life. The
‘extreme degree of fleetness, for instance, of which a terrestrial
animal is capable, may have been acquired by our present
horses; but as Mr. Wallace has well remarked,® the
question that interests us, “is not whether indefinite and un-
limited change in any or all directions is possible, but
twhether such differences as do occur in nature could have
been produced by the accumulation of varieties by selection.”
in the case of our domestic productions, there can be no
® See also Stonchenge, ‘Bn::“h Chron. 1858, p. 173.

on of 1871, “Contributions to the Theory of
(o h Tratiss oo the Bimond Navursl Selection,’ 2nd edit,, 1871,

Rl Janghe, in ¢Gard,
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Qoubt that many parts of the organisation, to which man has
attended, have been thus modified to a greater degree than
the corresponding parts in the natural species of the same
genera or even families. We see this in the form and size
of our light and heavy dogs or horses,—in the beak and many
other characters of our pigeons,—in the sizo and quality of
many fruits,—in comparison with the species belonging to
the same natural groups.

Time is an important element in the formation of our
domestic races, 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-civilised people, and during former times will have pro-
duced some effect. Unconscious 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 of time,
different varietics, especially in the less civilised countries,
will also have been more or less modified through natural
selection, It is generally believed, though on this head we
have little or no evidence, that new characters in time be-
come fixed ; and after having long remained fixed it scems pos-
sible that under new conditions they might again be rendered
variable.

How great the lapso of time has been since man first do-
mesticated animals and cultivated plants, wo begin dimly to
see. When the lake-dwellings of Switzerland were inhabited
during the Neolithic period, several animals were already
domesticated and various plants cultivated. The science of
language tells us that the art of ploughing and sowing the
land was followed, and the chief animals had been already
domesticated, at an epoch so immensely remote, that the
Sanskrit, Greek, Latin, Gothic, Celtic, and Sclavonic languages
had mot as yet diverged from their common parent-tongue.®

1t 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

 Mas Muller, ¢Science of Language,’ 1861, p. 223,
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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 insensibly 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 valued in his i 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 unconscions
selection. At last a strain, deserving to be called a sub-variety,
hecomes 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 somewhat
distinct character, its history, hardly noticed at the time,
will have been completely forgotten; for, as Low remarks,’t
“we 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 mew strains and sub-
varietics. 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 sinco 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 extine-
- tion almost inevitably follows sooner or later, either from
accidental canses of destruction 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 escapes notice; its death or

 Youatt on Cattle, pp. 116, 128. ™ Volz, ¢ Beitriige zur Falturgs-
7 ¢ Domesticated Animals,’ p. 188,  schichte,’ 1852, 5. 99 e¢ passim.
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destruction is comparatively sudden, is often recorded, and
when too late sometimes regretted.

Several authors have drawn a wide distinction between
artificial and natural races. The latter are more uniform in
character, possessing in a high degree the appearance of
natural species, and are of ancient origin. They are generally
found in less civilised countries, and have probably been
largely modified 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 inhabit.
The so-called artificial races, on the other hand, are not so
uniform in character; some have a semi-monstrous character,
such us * the wry-legged terriers so useful in rabbit-shoot-
mg 79 turnspit dogs, ancon sheep, niata oxen, Polish fowls,

il-pigeons, &c.; their ch istic features have gene-
rally been soquired suddenly, thongh subsequently incroased
by careful selections in many cases. 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, &c., nevertheless cannot be said to
have an unnatural appearance; and no distinct line, as it
seems to me, can be drawn between natural and artificial
Taces.

It is not surprising that domestic races should generally
present a different aspect from matural 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 organi-
sation. He attends almost exclusively to external characters ;
and when he succeeds in modifying internal organs,—when
for instance he reduces the bones and offal, or loads the viscera
with fat, or gives early maturity, &c.,—the chances are
strong that he will at the same time weaken the constitution,
On the other hand, when an animal has to struggle through-
out its life with many competitors and enemies, under

# Blaine, * Encyclop. of Rural Sports,” p. 213,
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cireumstances inconceivably complex and liable to change,
modifications of the most varied nature in the internal organs
as well as in external characters, in the 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 it were
10t 80, the result of his work, and of nature’s work, would be
even still more different. Nevertheless, we must not 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
palpable difference between species and races,

Domestic races propagate their kind far more truly, and
endure for much longer phriods, than most naturalists are
willing to admit. Breeders feel no doubt on this head : ask
& man who has long reared Shorthorn or Hereford cattle,
Leicester or Sonthdown sheep, Spanish or Game poultry,
tumbler or carrier-pigeons, whether these races may not have
been derived from common progenitors, and he will probably
laugh 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 perceptibly longer to the practised eye, and thus be

- successful at an exhibition. Thus far he will go, but

no farther. He does mnot reflect on what follows from
adding up during a long courso of time many slight,
successive modifications ; nor does he reflect on the former
existence of numerons varictics, connecting the links in each
divergent line of descent. Ho concludes, as was shown in

the earlier chapters, that all the cluel‘ breeds to which he

has long attended i The

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 these races are sprung
from a single source. But ask him whether the closely
allied natural species which ho has studied may not have
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descended from a common progenitor, and he in his turn will
perhaps reject the notion with scorn. Thus the naturalist
and breeder may mutually learn a useful lesson from each
other.

Summary on Selection by Man.—There can be no doubt that
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 circumstances have slowly changed, which many animals
have undergone in the same country, or when transported
into a foreign land. 'We see the combined effects of methodi-
cal and unconscious selection, in the great amount of
difference in those parts or qualities which are valued by man
in comparison with the parts which are not valued, and
consequently have not been attended to. Natural selection
often determines man’s power of selection. We somonmes
err in i ining that ch which are
unimportant by the systematic naturalist, could not be
affected by the struggle for existence, and could not be acted
on by natural selection ; but striking cases have heen given,
showing how great an error this is.

The possibility of selection coming into action rests on
variability ; and this is mainly caused, as we shall hereafter
see, by changes in the conditions of life. Selection is some-
times rendered 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 inter-
breeding. That methodical selection may be successful, the
closest attention and discernment, combined with nnwearied
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
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be a fair chance of variations of the desired nature arising,
and of every individual with the slightest blemish or in any
degree inferior being freely rejected.  Hence length of time
is an important element of success. Thus, also, reproduction
at an carly age and at short intervals favours the work.
Facilify in pairing animals, or their inhabiting a confined
avea, is advantageous as a check to freo crossing. Whenever
and wherever selection is not practised, distinct races are not
formed within the same country. When any one part of the
body or one quality is not attended to, it remains either un-
changed or varies in a fluctuating manner, whilst at the same
time other parts and other qualities may become permanently
andgreatly modified. But from the tendency to reversion and
to continued variability, those parts or organs which are now
undergoing rapid improvement throngh selection, are likewise
found to vary much. + Consequently highly-bred animals when
neglected soon degenerate; but we have no reason to believe
that the effects of long-continued selection would, if the con-
ditions 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 Tare 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
oceurs, is proved by the steady and gradual improvement of
many animals and plants during lengthened periods. The
principle of divergence of character, combined with the
mneglect and final extinction of all previous, 1 lued, and
intermediate varieties, explains the amount of difference and
the distinctness of our soveral Taces. Although we may have
reached the utmost limit to which certain characters can be
modified, yet we are far from having reached, as we have
good reason to believe, the limit in the majority of cases.
Finally, from the difference between selection 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.
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Throughout this chapter and elsewhere I have spoken of
selection as the paramount power, yet its action absolutely
depends on what we in our ignorance call spontaneous or
accidental 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 accidentyl; yet
the shape of each has been determined by the force of gravity,
the nature of the rock, and the slope of the precipice,—events
and circumstances, 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 immutable laws; but these bear no relation to the
living structure which is slowly built up throngh the power
of selection, whether this be natural or artificial selection.

If our architect succeeded in rearing a noble edifice, nsing
the rough wedge-shaped fragments for the arches, the longer
stones for the lintels, and so forth, we shouldedmire his skill
even in a higher degreo than if he had used stones shaped for
the purpose. So it is with selection, whether applied by
man or by nature; for although variability is indispensably
necessary, yet, when we look at some highly complex and

ly adapted ism ity sinks to a quite
subordinate position in importance in comparison with selec-
tion, 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 VARIABILITY.

VARIABILITY DOES NoT ACCOMPANY
ASSIGNED BY VARIOUS AU
R i e o ko s on VA Do N NAXVRS
OF SUCH CHANGES — CLIMATE, FOOD, EXCESS OF NUTRDMENT —

ORANoms sTETICTENTEPrEOTS 0¥ GRAPTING ON 'nm umu.mu'n o
SEEDLING - TREES BECOM)
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e o o S ARASHETY- choMNy. 4( 4 CATMN. OF
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beiing 0v CaaRicTERS AXD. FROM REVERKON X THE MANNES AND

PERIOD OF ACTION OF THE CAUSES WHICH EITHER DIRECTLY, O IN~

DIRECTLY THROUGH THE REPRODUCTIVE SYSTEM, INDUCE VARIABILITY.

‘We will now consider, as far as we can, the causes of the
almost universal variability of our
The subject is an obscure one; but it may be useful to probe
our ignorance. Some authors, for instance Dr. Prosper Lucas,
look at variability as a necessary contingent on reproduction,
and as much an aboriginal law as growth or inheritance.
Others have of late encouraged, perhaps unintentionally, this
view by speaking of inheritance and variability as equal and
Pallas and he has had
some followers, that variability depends exclusively on the
crossing of primordially distinct forms. Other authors attri-
bute 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 effective is highly probable. But we must, I think, take
a broader view, and conclude that organic beings, when sub-
jected during soveral generations to any change whatever in
their conditions, tend to vary; the kind of variation which
ensues depending in most cases in a far higher degree on the
mature 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 Laplander by long practice knows and gives
a name to each reindeer, thongh, as Linnmus remarks, * to
distinguish one from another among such multitudes was
beynnd ny comprehension, for they were like ants on an ant-

" In Germany shepherds have won wagers by recog-
nlsmg cach sheep in a flock of a hundred, which they had
never seen until the previous fortnight. This power of
{iimination, howevar, in as nething compared to:4hek
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 branches and leaves
of the camellia, though appearing to an unpractised eye
absolutely undistinguishable, yet really differ.!

As Linneus has compared the reindeer in number to ants,
T may add that each ant knows its fellow of the same com-
munity. Several times I carried ants of the same species
(Formica rufa) from one ant-hill to another, inhabited
apparently by tens of thousands of ants; but the strangers
were instantly detected and killed. I then put some ants
taken from a very large nest into a bottle strongly perfumed
with assafeetida, and after an interval of twenty-four hours
returned them to their home; they were at first threatened
Dby their fellows, but were soon recognised and allowed to
pass. Hence each ant certainly recognised, independently of
odour, its fellow; and if all the ants of the same community
have not some countersign or watchword, they must present
to each other’s senses some distinguishable character.

1 ¢Des Jacinthes,’ &c., A Iated by Sir J. E. Smith, vol. i p.
1768, p. 43 Verlot, 814, The statement in regard to

&, p. 86, On the German shepherds is given on the
Linnwus, ¢ Tour in Lapland,’ trans-  authority of Dr. Weinland.
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The dissimilarity of brothers or sisters of the same family,
and of seedlings from the sume 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 forther back in time, for
what made the parents or their progenitors different? Hence
the belief* that an innate tendency to vary exists, indepen-
dently of external differences, scems at first sight probable.
But even the sceds nurtured in the same capsule are not sub-
jected to absolutely uniform conditions, as they draw their
ourishment from different points ; and we shall see in a future
chapter that this difference sometimes suffices to affect the
character of the future plant. The greater dissimilarity of
the successive children of the same family in comparison with
zmn.. which often rescmhle each other in external nppeamnoe,
in so0 a

mnner. apparently proves that the state of the parents at tbe
exact period of conception, or the nature of the subsequent
embryonic development, has a direct and powerful influence
on the character of the offspring. Nevertheless, when we

-~ * Miller’ ‘ths logy, Eng. trans-
_ With

CAUSES OF VARIABILITY.

ce frize alorsd Vienne, et qui ui éeri-
vait en effét— J'ai mon ophthalmie,
tu dois avoir ln tienne!  Quelque sin-

William
 the lullol'ing extract from Professor
w's Lectures ( Clinique Médi-
eale, tom. i. p. pes e

mes soins A deux frives jumeaus, t
denx si_extraordinaireinent ressem-

& obté de Panire.  Cette ressemblance
physique Sétendait plus loin: ils
avaient, permettez-moi I'expression,
une similitude pathologique plus re-
marquable encore. Aiusi 'un deux
que jo voyais aux néothermes i P
d'une_ophthalmie rhumatis-
‘male me disait, ‘ En ce moment mon
firbre doit avoir wne ophthalmic comme
*steommo jem'étais récrid,
il me montrait quelgues jours apris
une lettr qunl venait de ‘recevoir de

gulier que ceci puisse paraitre, le fait
Wen est pas moins exact : on neme I'a
pus raconté, jo I'ai vu, et fen ai vu
d'autres analogues dans ma pratique.
Ces deux_jumeaux étaient aussi tous
deux asthmatiques, et asthmatiques
4 un effroyable degré. _Oriy

Marscille, ils n'ont jamais pu_de
meurer dans eette ville, oi leurs
intéréts les appelaient souveat, sans
e prisdoeursaccs; famais s 'en
éprouvaient & Paris, ; il
Tour suflsik do gagaer Toulen poat

funestes, que
dans d'autres ils étaient umpu de
tout phénoméne doppression.”
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reflect on the 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 varieties of our domesticated productions, we may well
be inclined to exclaim, though falsely as I believe, that
Variability must be looked at as an ultimate fact, necessarily
contingent on reproduction.

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, and is not the result of what we
blindly call accident. The following striking case has been
communicated to me by Dr. William Ogle. Two girls, born
as twins, and in all respects extremely alike, had their little
fingers on both hands crooked; and in both children the
second bicuspid tooth of the second dentition. on the right side
in the upper jaw was misplaced ; for, instead of standing in a
line with the others, it grew from the roof of the mouth
behind the first bicuspid. Neither the parents nor any other
members of the family were known to have exhibited any
similar peculiarity; but a son of one of these girls had the
same tooth similarly misplaced. Now, as both the girls were
affected in exactly the same manner, 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 given crooked
fingers and misplaced bicuspid tecth to a hundred children.
It is of course possible that this case may have been due to
reversion to some long-forgotten progenitor, and this would
much weaken the value of the argument. I have been led to
think of the probability of reversion, from having been told by
Mr. Galton of another case of twin girls born with their little
fingers slightly crooked, which they inherited from their
maternal grandmother.

We will now consider the general arguments, which appear
to me to have great weight, in favour of the view that varia-
tions of all kinds and degrees are directly or indirectly caused
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by the conditions of life to which each being, and more
especially its ancestors, have been exposed.

No one doubts that domesticated productions are more
variable than organic beings which have never been removed
from their natural conditions. Monstrosities graduate so in-
sensibly into mere variations that it is impossible to separate
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 noticeable 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 condi-
tions 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 circumstances 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 carried from district to
district, where they are treated differently, so that they rarely
remain during any considerable length of time exposed to
closely similar conditions. In conformity with this, all our

- domesticated productions, with the rarest exceptions, vary far
3 more than natural species. The hive-bee, which feeds itselfand
follows in most respects ifs natural habits of life, is the least
| variable of all domesticated animals, and probably the goose
s the next least variable; but even the goose 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 i$ not highly variable; common rye
(Secale cereale) has afforled fewer and less marked varieties
than almost any other cultivated plant;* but it may be
3 Lid. Geoffroy St.-Hils
~ des Anomalies,” tom. iii. 3 Mo-
quin-Tandon, *Tératologie Vegétale, 1841,
VOL. 1L R

1841, p. 115,
* Metager,

“Die Getreiearte
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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 chap-
ter, shows us that ility may be quite i of
seminal reproduction, and likewise of reversion to long-lost
ancestral characters. No one will maintain that the sndden
appearance of a moss-rose on a Provence-rose is a return to a
former state, for mossiness of the calyx has been observed in
no natural species; the same argument is applicable to varie-
gated and laciniated leaves; nor can the appearance of necta-
rines on peach-trees be accounted for on the principle of rever-
sion. 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
strictly natural conditions. I have given one instance of an
ash-tree growing in a gentleman’s pleasure-grounds; and
oceasionally there may be seen, on beech 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 are
raised and protected in nursery-grounds, and must often be
transplanted into places where wild trees of the kind would
not naturally grow. It 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 shape and colour from the ordinary
fruit. The prodigy would be enhanced if these varying
branches were fonnd capable of propagation, not only by
grafts, but sometimes by seed; yet amalogous cases have
oceurred with many of our highly cultivated trees and herbs.

These several considerations alone render it probable that

ility of every kind is directly or indirectly caused by

variabi
changed conditions of life. Or, to put the case under another
point of view, if it were possible to expose all the individuals
of a species during many generations to absolutely uniform
conditions of life, there would be no variability.
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On the Nature of the Changes in the Conditions 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,
ic beings of all kinds, when domesticated or cultivated,
have varied. We see this with the many domestic races of
drupeds and birds belonging to different orders, with gold-
fish and silkworms, with plants of many kinds, raised in
various quarters of the world. In the deserts of northern
Africa the date-palm has yielded thirty-cight 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 Poly-
nesian 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 mulberry-tree in
India and Enrope has yiclded many varieties serving as food
for the silkworm ; and in China sixty-three varieties of the
bamboo are used for various domestic purposes Theso facts,
and innumerable others which could be added, indicate that
a change of almost any kind in the conditions of life suffices
w canse vnnnhxht;*d:ﬂ'erunt changes acting on different

Andl'ew Knight® att‘nbﬂted the variation of both animals
and plants to a bundant supply of )} ortoa
e B 10t it iy St ngecesl 1o species. A

more genial elimate, 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, us has the orange-tree in northern Ttaly,
where it is barely able to exist.” Nor can we overlook the

SO0 the daterpalm, o Vol
Annals a Nat. Hist

1854, p. odion
Dr. F‘ Hlm ton, ¢Transact. Linn.
. On the varie-

e

PP 570, 875 On twenty varieties

of the Pandanus and other trees in
the Marianne Island, see *Hooker's
Miscellany,’ vol. i. p. 30, On the

bumboo fn’ China, s Huc' Chinese
Empire,” vol. ii. p. 3
¢ Treatise on ‘e Cultureof the
Apple,’ &
7 Gallesio, Tunrm della Ripro-
duzione Veg, p. 1
R2
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fact, though mot immediately connected with our present.
subject, that the plants and shells of the Arctic regions are
eminently variables Moreover, it does not appear that a
change of climate, whether more or less genial, is one of the
most potent canses of variability ; for in regard to plints Alph.
De Candolle, in his * Géographie Botanique,” repeatedly shows
that the native country of a plant, where in most cascs it has
been longest cultivated, is that where it has yielded the
greatest number of varioties.

It is doubtful whether a clumge in the nature of the food
isa potent causo of variability. Scarcely any
animal has varied more than the pigeon or the fowl, but
their food, especially that of highly-bred pigeons, is generally
the same. Nor can 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 isnow held by Schleiden, more especially
in reference to the inorganic elements of the food.!® In
order to give a plant more food it suffices in most cases to
grow it separately, and thus prevent other plants robbing its
roots. It is surprising, as I have often seen, how vigorously
our common wild species flourish when planted by them-
selves, though not in highly manured land ; separate growth
is, in fact, the first step in cultivation. We see the converse
of the belief that excess of food induces variability in the
following statement by a great raiser of seeds of all kinds:'

* See Dr. Hooker's Memoir on  subject. He states that his canary-
Arctio Plants in ‘Limn. Transck.’  bide avie i eulour,though kept on
part oodward,  uniform food.

bt igher lnlhnnly cannot be 1 “The Plant,’ by Schleiden, trans-
quoted, peaks of the Arctc mallusea  Inted by Heafroy, 1848, p. 16

(in his * Rudimentary Treatise,” 186, also Alex. Braun, in * Bot. Memoirs,’
I 855 a8 remarbably subject b Ray Soc, 1855, p. 81,

variation. i Messrs. Hardy and Son, of Mal-

® Bechitein, in his ‘Naturge- don, in *Gard. Chronicle, 1856, p.

schichte der "Stubenvdgely 1840 s, 453, Carstre, * Producton ot Fixke
238, has some good remmarks on thls tion des Veridels 1885, p. 31
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It 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 repent of it.”
According also to Carriére, who has had great experience with
flower-garden seeds, *On remarque en général les plantes de
“ vigeur moyenne sont celles qui conservent le mieux leurs
* caractires.”

In the case of animals the want of a proper amount of
exercise, as Bechstein remarked, has perbaps played, inde-
pendently of the direct effects of the disuse of any parti-
cular 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 nsed during growth, or by
the wear and tear of the tissues, they will be in excess; and
as growth, nutrition, and reproduction are intimately allied
processes, this superfluity might disturb the due and proper
action of the rep ive organs, and ly affect the
character of the future offspring. But it may be argued that
neither an excess of food nor a superfluity in the organised
fluids of the body necessarily induces variability. The goose
and the turkey have been well fod for many generations, 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 nutri-
ment 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, ag far as I can judge, probable.

B N ot ik ot ttivaiod planta haverroonivod
nutrinient 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 eulinary and agri-
cultural plants are carried from place to place; and during
the last century the rotation of our crops and the manures

' used have been' greatly changed.
Slight changes of treatment often suffice to induce varia-
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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, yicld seed-
lings which vary much, as may be seen in every extensive
seed-bed. T have shown in a former chapter what a number
of well-marked and singular varieties the thorn (Crategus
owycantha) has produced: yet this tree has heen subjected to
hardly any cultivation. In Staffordshire I carefully examined
a large number of two British plants, namely Geranium pheoum
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 flower
and foliage, to a degree which I have never seen excoeded ;
yet they could not have been exposed to any great change in
their conditions.

‘With respect to animals, Azara has remarked with much
surprise,!? 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 un-
enclosed estancias, though kept in @ state which can hardly
be called domesticated, and apparently exposed to almost
identically the same conditions as when they are feral, never-
theless display a great diversity of colour. 8o again in Tndia
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.'s

Some facts on the effects of grafting, in regard to the
variability of trees, deserve attention, Cabanis asserts that
when certain pears are grafted on the quines, their seods yield
a greater number of varieties than do the seeds of the same
variety of pear when grafted on the wild pear* But as the
pear and quince are distinct species, though so closely related

12 <Quadrupdes du Paraguay) 1839, pp. 266, 268, 313,
1801, tom. ii. p. 319, M Quoted by Sageret, ¢ Pom, Phys.,"
18 "MeClelland on Indian Cyprinidw, 1830, p. 43, This statement, how-
* Asiatic Researches,’ vol. xix, part ii.,  ever, is not believed by Decaisne.
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that the one can be readily grafted and succeeds admirably on
the other, the fact of variability being thus cansed is not sur-
prising;; as we are here enabled to see the cuuse, namely, the
very different nature of the stock and graft. Several North
Amierican varicties of the plum and peach are well known to
reproduce themselves truly by seed ; but Downing asserts,’s
“that when a graft is taken from one of theso trees and
s placed upon amother stock, this grafted tree is found to lose
“its singular property of producing the same variety by
“seed, and becomes like all other worked trees;"—that is, its
seedlings become highly variable. Another case is worth
giving: the Lalande variety of the walnut-tree leafs between
April 20th and May 15th, and its seedlings invariably
inherit the same habit; whilst several other varieties of
the walnut leaf in June. Now, if seedlings are raised from
‘the May-leafing Lalando variety, grafted on another May-
leafing variety, though both stock and graft have the same
early habit of leafing, yet the seedlings leaf at various times,
even as late as the 5th of June® Such facts as these are
well fitted to show on what obscure and slight causes vari-
ability depends. .

f 1 may here just allude to the appearance of new and yaluable
varietics of fruit-trees and of wheat in woods and waste places,
which at first sight seems a most anomalous circumstance, In
France a considerable number of the best pears have been discovered
woods; and this has occurred so frequently, that Piteau asserts

' that “improved varictics of our cultivated fruits rarely originate
with nurserymen.” In England, on the other hand, no instance of

& good pear having been found wild has been recorded; and Mr.,
Rivers informs me that he knows of only one instance with apples,
namely, the Bess Poole, which was discovered in & wood in Notting-

ire. This difference between the two countries may be in

accounted for by the more favourablo climate of France, but chiefly

18 ¢The Fruits of America,’ 1845,  Poiteaw’s remark is quoted in * Gar-
5 dener’s Mag.’ vol. iv.. 1828, p. 385.
" an, in ‘Comptes Ren- See *Gard. Chronicle,’ 1862, p. 355,

1 1848, quoted in ‘Gard. for another case of a mew variety of
Chronicle,’ 1849, p. 101. the pear found in a hedge in France.
3 M. Alexis Jordan mentions four ~ Also for another case, see Loudon'’s
excellent pears found in woods in  *Encyclop. of Gardeming,’ p. 901
France, and alludes to others (‘Mém.  Mj given me similar
Acad, de Lyon,’ tom. i. 1852, p. 159). i

r. Rivers
formation,
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from the great number of seedlings which spring up there i in: tha
wood: infer that this is the case from a remark made by
French gardener,” who regards it as a national calamity that o
a number of pear-trees are periodically cut down for firewood, before
they have borne fruit. The new vtmeual which thus spring up in
the woods, though they cannot have any excess of nutri-
s g exposed to m-npu chu.nged conditions, but
whether this is the cause of their production is very donbtfn]
These varieties, however, are prohuhly all descended™ from
ulbivatod kinds growini it aljoiniig fachands —a cizeumetaiics
which will account for their variability; and out of a vast number
of varying trees there will always be a good chance of the appear-
ance of a valuable kind In North America, where fruit-trees
frequently spring up in waste places, the Washington pear was
round in a hedge, i et Emperor peach in a wood.®
respect fo wheat, some writers have spoken® as if it were

1 ordinary event for new varictics to ba found in waste places; the
Tenton wheat ws certafnly dlscoversd growing on a pile of basaltic
detritus in a quarry, but in such a situation the plant would

probably receive a suffiient amount of nutriment. The Chidham

whent was raised from an ear found on a hedge d Hunter's
wheat was discovered by the roadside in Scotlnm] but it is not said
that this latter variety grew where it was found.#

W ho!hor our domestic productions would ever become so
pl habituated to the condi under which they
now lv\o, as to cease varying, we have no sufficient means for
judging. But, in fact, our domestic productions are never
exposed for a great length of time to uniférm conditions, and
it is certain that our most anciently cultivated plants, as well
as animals, still go on varying, for all have recently under-
gone marked improvement. In some 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 coun-
tries,® states that some kinds were at first extremely vari-
able, but gradually, in one instance after an interval of

1 Duval, ‘Hist. du Poirier,’ 1849,  aboriginal species.
P2 Downing, e ol e

1  infer that this is the fact from

Van Mons? statement (: Arbres Frui-
thors! 1855, tom. i, B, t he p. 244,
finds 1n the woodsseadlings nnemhhn +Gardener's (,hmmd»,‘ wn, >
all the chief mll.wn.ezl fece athoth aas 1850, p. 700 1854, p. 6
the pear an Van M < Die Getreidearten,’ 1843, gsa
eres looked s these wild

ue uz.
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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 n lm 'h(-m\ exposed durmg sev eral genera-
tions to Universal
experience shows us that when new flowers are first introduced
into our gardens they do not vary; but ultimately all, with
the rarest exceptions, vary to a greater or less extent. In
a few cases the requisite number of generations, as well as
the successive steps in the progress of variation, have been
recorded, as in the often quoted -instance of the Dahlia.*
After several years’ culture the Zinnia has only lately (1860)
begun to vary in any great degree. *In the first seven or
eight years of high cultivation, the Swan River daisy
* (Brachycome iberidifolia) kept to its original colour; it then
* varied into lilac-and purple and other minor shades.”®
Analogous facts have been recorded with the Scotch rose. In
discussing the variability of plants several experienced hor-
ticulturists have spoken to the same general effect: Mr.
Salter* remarks, * Every one knows that the chief diffculty
“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 raising new varicties of pears and strawberries,
remarks with respect to the former, “ There is another prin-
* eiple, namely, that the more a type has entered into a state
“ of variation, the greater is its tendency to continue doing
“50; and the more it has varied from the original type, the

ine, in ¢ Hort. Trausact.,’ vol. ¢ ¢The S
Bronn, * Geschichte der  tory, & P
) b il 5. 119, fralenil 1835,
= ‘Juurnnl of Horticulture,’ 1861, 543 ¢ Journal of Hnmcunm, Sy
Zinnia, ¢Gardener’s 9, 1865, p.

Lironic, 18600, P. 852,

athossn, Sl
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“ more it is disposed to vary still farther.” We have, indeed,
already discussed this latter point when treating of the power
which man possesses, through selection, of continually aug-
menting in the same direction each modification; for this
power depends on continued variability of the same general
kind. The most celebrated horticulturist in France, namely,
Vilmorin,? even maintains that, when any particular varia-
tion 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 believed, with domestic ducks, lost their true
plumage after a few generations. An excellent observer,®
who has often reared ducks from the eggs of the wild bird,
and who took precantions that there should be no crossing
with domestic breeds, has given, as previously stated, full
details on the changes which they gradually undergo. He
found 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
incrensed also in size of body; their legs became less fine,
and they lost their clegant carriage. Fresh eggs were then
procured from wild birds; but again the same result followed.
In these cases of the duck and turkey we see that animals,

= antzd by Vrlot, ‘Des Varitis  ton, 1655, . 1

&e. 1865, p.  Mr. H!mu, “Journal of Hort.,"
» 'Lxxmlnatlannf!heChnnclens- 1863, p. 9.

tics of Genera and Species :’ Charles-
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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 produced 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 pro-
duce, as far as we can sce, 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
variability. Some authors® believe that close interbreeding
gives this tendency, and leads to the production of monstro-
sities. In the seventeenth chapter some few facts were
advanced, showing that monstrosities are, as it appears,
oceasionally thus induced; and there can be no doubt that
close interbreeding causes 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 carried to an injurious extreme,
far from causing variability, tends to fix the character of each
breed.

1t was formerly a common belief, still held by some persons, -
that the imagination of the mother affects the child in the
womb.* This view is evidently not applicable to the lower
animals, which lay 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 so happened that in no one instmce could a
coincidence be detected between the woman's answer and any
~ 3 Devay, ¢ Mariages Consanguins,’ 3 Miller has
m,lzs. In conversation | huve st _this bel

g
two or three naturalists of the  Phys.’ Eng. transla
same opinion. p- 1405,

clusively argued
“Elements of
vol. ii. 1842,
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abnormal structure; but when she knew the nature of the
structure, she frequently suggested some fresh cause. The
belief in the power of the mother’s imagination may perhaps
have arisen from the children of a second marriage resembling
the previous father, as certainly sometimes occurs, in accord-
ance with the facts given in the eleventh chapter.

Crossing ac a Cause of Variability.—In an early part of this
ehapter 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 sponfaneously appear in onr
domestic races, but that they are all divectly derived from
certain aboriginal species, the doctrine is little less 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 certain cases by bud-variation, we may conclude
with certainty that crossing is not necessary for variability.
It is, moreover, certain that the breeds of various animals,
such as of the rabbit, pigeon, duck, &e., and the varieties of
several plants, are the modified descendants of a single wild
species. Nevertheless, it is probable that the crossing of
two forms, when one or both have long been domesticated
or cultivated, adds to the  variability of the offspring, inde-

of the of the ch derived from
the two parent-forms; and this implies that new characters
actually arise. But we must not forget the facts 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 impossiblo
to d ish between the of ancient
and the first of new ch Practi-
cally, whether new or old, they would be new to the breed in
which they reappeared.
3 < Act. Acad, St, Petersburg,’ 1780, par

i, p. 85, &,
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Giirtner declares* and his expencnw is of the highest value on
such a point, that, when he crossed native plants which had not
been cultivatéd, he never onco saw in the offspring any new character;
bnt that from the odd manner in which the characters derived from
ts were combined, they sometimes appeared as if new.
When on um other liand, ho croseed -caltivated plants, he admits
that aracters occasionally appearcd, but he is strongly
inclined o attributo their appearance to ordinary variability, Hok
in any way to the cross. An opposite conclusion, however, appears
o me the more probable. According to Kilreuter, hybrids in the
genus Mirabilis vary almost infinitely, and he describes new and
n lar characters in the form of the seeds, in the colour of the
thers, in the cotyledons being of immense size, in new and highly
Seoulin: odours, in the flowers expanding early in the season, ang
in their clmmg at night.  With respect to one lot of these hybrids,
he remarks that they presented characters exactly the reverse of
vhnt nugm have been expected from their parentage.*

f. Lecoq™ speaks strongly to the same effect in regard to this
nme genus, and_asserts that many of the hybrids from Mirabilis
Jjalapa and muln/lo:a might easily be mistaken for distinet species,
and adds that they differed in a greater degree than the other
species of the genus, from M. plnpa Harbert llno. has described®
certain hybﬂ Rhododendrons as being “ as unlike all ofhiers in
“ foliage, as if they had been a separate specics.” The common
experience of florisalturists proves that thio crossing and recrossing
of dnsmmt b\lt allied plants, such as the species of Petunia, Calceo~

in, Verbena, &c., induces excessive variability;

pearance of quite new characters is probable. ére®
o Tately dmusm? fhis suloct: he stacs that Erylhrina cristul
had been multiplied by see any years, but had not yielded
any varieties : it was then pobdest e T o i and
“the resistance was now overcome, and varietics were pi
*with flowers of extremely diflrent size, form, and colour.”

From the general and apparently unded belief that the
ecoeeing  of distinct, species. heriden commingling their characters,
adds greatly to their variability, it has probably arisen that some
botanists have gone so far as fo maintain® that, when a genus
includes only a single specics, this when cultivated never varies.

proposition made so broadly cannot be admitted; but it is
RS tatiy t-oe that the varisbility of munotypm genera when culti-

¢ Bastarderzeugung,’ 5,249, 255, % Abstracted in ¢ Gard. Chronicle,’
81,

nion of the elder
in * Dic. Class.
p. 405, Puvis,
ipiateatdl
3. 1837, p. 87, has discussed this

# ¢ Amaryllidaces,’ 1897, p. 362, point.

 (Nova Acta, St. Petersburg’

1304, y. $78; 1705, pp. 307, 813, De Candoll,as qu

310 17R7 p. 40 d’Hist. Nat.,’ tom.
“De la munumon,' 1862, p.  in his work, ¢

© The Complete Work of Charles Darwin Online



254 CAUSES OF VARIABILITY. Crar, XXIL

vated is generally less than that of genera including numerous
species, and this quite independently of the effects of crossing.
Thave shown in my ‘Origin of Specics, that the species belonging
to small genera generally yield a less number of vunetms in a state
of mtre ‘than those belonging to large genera. Hence the species
mall genera would, it is probable, produce fe\\er \meues under
Cultivation thun S already variable species of I
Although we have not at present suflicient &) i) that the
crusﬁmg of species, which have never been cultivated, leads to the
pearance of new characters, this upparently does occur with
les wluch have been already rendered in some degree variable
mzh cultivation. Hence crossing, like any othex change in the
conditions of life, seems to be an element, probably a potent one, in
causing Vm‘la,blhty But we seldom have the means of d.lstmgulsh~
ing, as previously remarked, between the appearance of really new
characters and the reappearance of long-lost characters, evoked
through the act of crossing. 1 will give an instance of the difficulty
in distinguishing such cases. The species of Datura may be divided
into two sections, those having white flowers with green stems,
and those liaving purple flovers with brown stems : now Naudin
Jatura levis and feroz, both of which belong to the white
Bectmn and raised from them 205 hybrids. Of these hybrids, ewry
one had brown stems and bore purple flowers; so that the:
sembled the species of the other section of the genus, and not et
own two parents. Naudin was so much astonished at this fact,
that he was led carefully to observe both parent-species, and he
discovered that the pure seedlings of D. ferox, immediately after
germination, had dark purple stems, extending from the young roots
up to the cotyledons, and that this tint remained ever afterwards
as a ring round the base of the stem of the plant when old. Now I
have shown in the thirteenth chapter that the retention or exaggera-
tion 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 these
hybrids, not as new characters due to vnrmhlhty, but as a return
to the former state of some ancient progeni
Independently of the appearance of new clmrnchers from crossing,
a few words may be added to what has been said in former chapters
on the uneq \ml combination and transmission of the characters
proper to tho two parent- benk, e Wo species or races are
crossed, the offspring of the first gjnemtmn are generally uniform,
but those subsequently produced display an almost infinite diversity
of character. He who wishes, says Kilreuter," to obtain an endless
number of varieties from hybrl should cross and recross them.
There is also much variability when hybrids or mongrels are
reduced or absorbed by repeated crosses with either pure parent-

4 ¢ Comptes Rendus,’ Novembre 21, 4 Nova Acta, St. Petersburg,’
1864, p. 838, 1794, p. 391
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form; and a still higher degree of variability when three distinct
specics, and most of all when four species, are blended together by
successive crosses. Beyond this point Giirtner," on whose authority
the foregoing statements are made, never succeeded in effecting a
umion; but Max Wichura®® united six distinct species of willows
into a single hybrid. The sex of the parent species affects in
BR800l maumer the dagree of Yarishility! of ‘liybrids: foe
Giirtner* repeatedly found that when a hybrid was used as a father.
and cither one of the pure parent-specics, or a third species, was
used as the mother, the offspring were more variable than when the
same hybrid was used as the mother, and either pure parent or the
same third species as the father: thus scedlings from Dianthus
barbatus crossed by the hybrid 1. chinensi-barbatus were more
Tariable thun ‘thoss raieed. Fom this latter hybeid fertilised by the
D. barbatus. Max Wichura*® insists strongly on an_analogous
Bt with his hybrid willows, Again Girini™ sserts that the
degreo of varinbiity sometimes difers in ybrids mised. from ro-
ciprocal crosses befween the same two species; and here the sole
hrence is, that the one species is first used as the father and then
as the mother. On the whole we see that, independently of the
appearance of new characters, the variability of successive ci
generations is extremely complex, partly from the offspring partaking
unequally of the characters of the two parent-forms, and more
espaiuly from their unequal tendency to Tevert to such characters
to thase of more ancient progenitors.

On the Manner and cn the Period of Action of the Causes which
induce Variability.—This is an extremely obscure subject, and
we need here only consider, whether inherited variations are
due to certain parts being acted on after they have been
formed, or through the reproductive system being affected
before their formation ; and in the former case at what period
of growth or development the effect is produced. We shall
see in the two following chapters that various agencies, such
as an abundunt supply of food, exposure to a different climate,
increased use or disuse of parts, &c., prolonged during several
enerations, cortainly modify either the whole organisation or
certain organs ; and it is clear at least in the case of bud-
variation that the action cannot have been through the repro-
duetive system.

4 ¢Bastarderzeugung,’s. 507, 516, 1 ¢ Bastarderzeugung,”s. 452, 507.
; 4 ¢ Die Bastardbefruchtung,’ s, 56.
“ ¢Die R 7 5. 423
1863, 5. 24.
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With respect to the part which the reproductive system takes
causing variability, we have seen in the eighteenth chnpler that
even slight changes in the conditions of life have a remarkable
power in causing a greater or less degree of sterility. b
seems not l'::;yrohnblo that beings generated through a system so
easily affect should themselves bo nﬂeewd, or should fail to
ihextty or dnhseib, i axoees, ohiarac s proper to their parents,
We know that certain groups of orgnmc lxungs But with exceptions
S onth miot B A &« e odes it Wnch ot Sty
affected by changed conditions than other groups; for instance,
oumlvomns birds more readily than carnivorous mammals, and

more readily than pigeons; and this fact harmonises with

o apparently c.lpnmum! manner and degree in whn.h various
aoups of animals and plants vary under domesticaf

Olventer*” was struck with the parallelism be(ween ﬁ\e excessive
mmmmy of hybrids when crosse o) recrossed in various ways,—
these hybrids having their reproductive powers more or less affected,
hathe variability of anclently cultivated plants, Max Wichura **
has gone one step farther, and shows that with many of our highly
cultivated plants, such as the hyacinth, tulip, anncnln, snapdragon,

to, cabbage, &c., which there is no reason to believe have been
hybridised, the anthers contain many irregular pollen gmmn in the
same state as in hybrids. He finds also in certain wild forms, the
same coincidence between the state of the pollen and a high degree
of variability, as in many species of Rubus; but in A. cesius and
idaus, which are not highly variable species, the pollen is sound.
Il is also nomnmls that many cultivated plants, such as the banana,
Dread-fruit, and others prevmlmly ‘mentioned, have their
rep! v organs so seriously affected as to be gencrally quite
sterile; and when they do yield seed, the mdlmgs, judging from
the hlrge number of cultivated races which exist, must be variable
in an extreme deg These facts indicate that there is some
relation between the state of the reproductive organs and
to variability; but we must not conclude that the relation is stnct
Although many of our hlghly cultivated plants may have their
pollen in a deteriorated condition, yet, as we have previously scen,
they yield more sceds, apd our anciently domesticated animals are
more prolific, u.-n the corresponding species in a state of nature.
The. lmost the only bird which is believed to be less
fertile under dommlcmon than in its native state, and it has varied
ina ramarknbly small degree. From these considerations it would
seern that changes m theconditions of lifo lead cither to sterility
th ; and not thi induces

on !he whole it is pmh-bln that any cause affecting 4 organs of

4« Dritte Fortsetzung,’ &, 1766, Berkeley on_the same subject, in
. “Jowraal of Rayal Hort. Socs Thity
Die Bastardbefruchtung, lw, "

92: sce also the Rev. M. J.
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&rﬂdnchon won]d likewise affect their product,—that is, the
pring thus genes
S St oF lifo at whidh the causee:that induce varisility seh*
is likewise an obscure subject, which has been discussed by varions
authors.® Insome of the cases, to be given in the following chapter,
of modifications from the direct action of changed conditions, which
are inherited, there can be no doubt that the causes have acted on
mature oxnearly mature animal. On the other hand, monstrosi-
ties, which cannot be distinctly separated from lesser variations, are
caused by the embryo being injured whilst in the mother’s
womb or in the egg. Thus L Geoffroy Saint-Hilaire® asserts that
poot 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 more liable togive hirth to monsters than women
in cary circumstances. The eggs of the fowl when placed upright
otherwise treated unnaturally frequently produce monstrous
Biras 1t would, however, appear that complex monstrosities
are induced more frequently during a rather late than during a very
mlypemd of embryonle life; but this may partly result from some
one part, which has been mjm‘ud during an efu‘l) period, Bﬁechns
by its abnormal growth other parts subsequently developed; ans
this wonld be less llkely wor,ﬂlr with pam mjun atalater penod.’“
~ When any part or organ becomes monstrous throngh abortion, 1
B e s generally left, and this likewise indicates that its.
dmlopmem had already eommenced.
Insects sometimes have their antennm or legs in a monstrous
condition, the larva of which do not either antennz® or legs ;
~ and in these cases, as Quatrefages® believes, we aro enablod to see
- the precise period at which the normal progress of development
was tmnbled But the nature of the foﬂd given to a caterpillar
mumes affects the colours of the moth, without the caterpillar
itself being affectod ; therefore it seems possible that other characters
in the mature insect might be indirectly modified through the larvee .
‘There is no reason to suppose ﬁmt organs which have been rendered
‘monstrous have always been acted on during their development ; the
gﬂumy have acted on the organisation at a much earlier stage.
i8 even probable that either the male or female sexual elements,
or both, before their union, may be affected in such a manner as to
lead fo modifications in organs developed at a late period of life; in
same manner as a child may inherit from his father a
which does not appear until old age.

@ Dr. P. Lucas has given a bistory seversl memoirs by M. Dareste bere.

of on this sabje after referred to are of special
I.z., 847, tom. value on this whole subject.
¢ Hist. des Annmlm, tom. il * See his interesting work, ¢ Méta-
P 490, morphoses de 'Homme," &., 1862, p.
S Jhid, tom. iii. pp. 992, 502. The 129,
VoL. 11 s
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In accordance with the facts above given, which prove that in
cases a close relation exists between variability and the sterility
l‘ullu\\mg from changed conditions, we may conclude that the ex-
citing cause often acts at the earliest possible period, namely, on the
sexual elements, before impregnation has taken place. That an
affection of the fomale sexual element may induce variability we may
likewise infer as probable from the occurrence of hud-variations ;
for a bud seems to be the analogue of an ovule. But themale cloment
is a) |y much oftener affected by changed conditions, at least
in a Vi mnnner than the female element or ovule; and we know
from Girtner’s and Wichura's statements that a hyhnd used as
the father and crossed with a pure species gives a greater degree of
variability to the offspring, than does the same hybrid when used as
the mother. Lastly, it is certain that variability may be transmitted
through either sexual element, whether or not originally excited in
them, for Kolreuter and Giirtner * found that when two species were
crossed, if cither one was variable, the offspring were rendered
variable.

Summary.—From the facts given in this chapter, we may
conclude that the variability of organic beings under domes-
tication, although so general, is not an inevitable contingent
on life, 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. Fxcess of nutriment is perhaps the most efficient
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
romain 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
evidenco that the power of changed conditions accumulates ;
50 that two, three, or more generations must be exposed to
new conditions before any effect is visible. The crossing of
distinet forms, which have already hecome variable, increases
in the offspring the tendency to further variability, by the
unequal commingling of the characters of the two parents, by
the of long-lost cb and by the appear-
ance of absolutely new characters. Some variations are in-
duced by the direct action of the surrounding conditions on

5 Dritte Fortsetzung,’ &, s. 123; ¢ Bastarderzeugung,’ 5. 249,
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the ‘whole organisation, or on certain parts alone ; other
appear to be induced indirectly throngh the re-

productive system being affected, as we know is often the
~ case with various beings, which when removed from their
‘natural conditions beconie sterile. The causes which induce
~ variability act on the mature organism, on the embryo, and,
ﬂlbly, on the sexual elements before impregnation has

effected.

4
g
5
. N
>,
v
i3

© The Complete Work of Charles Darwin Online



260 DEFINITE ACTION OF THE Crar. XXIIL

CHAPTER XXIIL

DIRECT AND DEFINITE ACTION OF THE EXTERNAL CONDITIONS OF
LIFE.

SLIGHT MODIFICATIONS IN PLANTS FROM THE DEFINITE ACTION OF CHANGED

(CONDITIONS, TN SIZE, COLOUR, CHEMICAL PROPERTIES, AND IN THE STATE

. o ;]

CHANGED CLIMATE OF FOOD, ETC.—FLUMAGE OF BIRDS AFFECTED BY

PECULIAR NUTRDIENT, AND BY THE INOCULATION OF POISON—LAND-

RNt wuoriokmInS o8 M JRNHDREA ke LR

HE DEFINITE ACTION OF EXTERNAL CONDITIONS—COMPARISON.

OF AMERICAN AND EUROVEAN TUES— GALLS “EFFEOTS OF PABASITIC

FUNGI— CONSIDERATIONS OPPOSED TO THE WELIEF IN THE POTENT

INFLUENCE OF CHANGED EXTERNAL CONDITIONS—PARALLEL SERIES OF

VARIETTES—AMOUNT OF VARIATION DOES NOT CORRESFOND WITH THE

DEGHEE OF CHANGE IN THE CONDITIONS—BUD-VARIATION—MONSTROSI-
TIES PRODUCED BY UNNATURAL TREATMENT—SUMMARY.

Tr 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 changed climate, with all its diversities of heat and cold,
dampness 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, I mean an action
of such a nature that, when many individuals of the same
variety are exposed during several generations to any par-
ticular change in their conditions of life, all, or nearly all the
individuals, are modified in the same manner. The effects of
habit, or of the increased use and disuse of various organs,
might have been included under this head ; but it will be con-
venient to discuss this subject in a scparate chapter. By the
term indefinite action I mean an action which causes one in-
dividual to vary in one way and another individual in another
way, as we often see with plants and animals after they have
heen subjected for some generations to changed conditions of
life. But we know far too little of the causes and laws of
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variation to make a sound classification. The action of
changed conditions, whether leading to definite or indefinite
results, is a totally distinct consideration from the effects of
selection ; for selection depends on the preservation by man
of certain individuals, or on their survival under various and
complex natural circumstances, and has no relation whatever
to the primary cause of each particular variation.

I will first give in detail all the facts which T have been
able to collect, rendering it probable that climate, food, &c.,
hve acted 50 definitely and powerfully on the organisation of

tions, that new sul or Taces
hlve been thug formed without the aid of selection by man or
nature. I will then give the fucts and considerations opposed
1o this conclusion, and finally we will weigh, as fairly 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
1
>

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
were formerly practised, and are now occasionally practised
Ty the most barbarous races, to a much greater extent than
‘might have been anticipated. Hence it is difficult to judge
how far differences in the conditions between, for instance,
the several districts in England, have sufficed to modify the
 breeds which have been reared in cach. It may be argued
that, as numerous wild animals and plants have ranged
during many ages throughuut Great Britain, and still retain
the same charact iff in condi between the
several districts collld not have modified in a warked manner
the varions native races of cattle, sheep, pigs, and horses.
The same difficulty of distinguishing between the effects of
matural selection and the definite action of external conditions
i encounterod in a still higher degree when we compare closely
allied species inhabiting two countries, such as North America
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and Europe, which do not differ greatly in climate, nature of
soil, &c., for in this case natural selection will inevitably and
rigorously have acted during a long succession of aj

Prof. Weismann has suggested! that when a variable
species enters a new and isolated country, although the varia-
tions may be of the same general nature as before, yet it is
improbable that they should oceur in the same proportional
numbers.  After a longer or shorter period, the species will
tend to become nearly uniform in character from the incessant
crossing of the varying individuals; but owing to the pro-
portion of theindividuals varying in different ways not being
the same in the two cases, the final result will be the pro-
duction of two forms somewhat different from one another.
In cases of this kind it would falsely appear as if the con-
ditions had induced certain definite modifications, whereas
they had only excited indefinite variability, but with the
variations in slightly different proportional numbers. This
view may throw some light on the fact that the domestic
animals which formerly inhabited the several districts in
Great Britain, and the half wild cattle lately kept in
soveral British parks, differed slightly from one another; for
these animals were prevented from wandering over the whole
country and intercrossing, but would have crossed freely
within each district or park.

From the difficulty of judging how far changed conditions havo
cansod. 11 to modifications of structure, it will be advisable to

ly of facts as possible, showing that exfremely

shgm d.\m.mnoes within e samo couitry, or during difrent

tainly produce an appreciable efféct, at least on varieties
i alreuly e et b e e overs bes
good for this purpose, as they are highly variable, and are carcfully

observed. All floriculturists are unanimous that certain varieties
aro affetod by vary sight differences in the nature of the artificial
mpost in which they are grown, and by the natural soil of the
distriot, s well as by the seacon,  Thits, & skl judze, in writing
on Co.mmns and Picotees,? asks “ where can Admiral Curzon be
n possessing the colour, size, and strength which it has in
Therbyubize s Whiexs cx kliwe (ueimn be.found squal fp thoss
“at Slough? Where do high-coloured flowers revel better than at

1 ¢ Ueber den Einfluss der Isolirung  * ¢Gardener’s Chronicle,’ 1853, .
auf die Artbildung, 1872, 183,
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 Woolwich and Bimingham? Yot in no two of thoss disticts do
“the same varieties attain an equal degree of excellence, although
cach may bo receiving the-attention of the most skilful cultivatora™
The same writer then recommends cvery cultivator o keep five
t kinds o soil and manure <“and to endonvour to suit the
ive appetites of the phmm youare dealing with, for without
ey all hope of general success will be vain.” So it s
with the Dahlia’ dy Cooper rarely succceds near London, but
does admirably in e Qlateist;. the reverss Holds good. mithokhes
varicties; and again, there are others which succeed caually el
in various situations. A skilful gardener ! states that ured
cuttings of an old and well-known variety (pulchelln) W Ve
‘which from having been propagated in a different situation presented
a slightly different shade of colour; the two varicties were after-
wards multiplied by cuttings, being carcfully kept distinct ; but in
the second year they could hardly be distinguished, and in the third
year 1o oné could distinguish them.

The nature of the season has an especial influence on certain
varieties of the Dahlia: in 1841 two varicties were pre-cminentl
good, and the nest year these same two were pre-eminently bad.
A famous amateur® asserts that in 1861 many \ﬂncheﬁ of th R Rosa
eame so untrue in character, “ that it was hard]

“nise them, and the thought was not seldom calorinined that Ui

“grower had lost his tally.” The same amateur® states that in 1862
fo-thirds of his Aurioulas produced central trusss o fowers, and
such trusses are liable not to keep true; and he adds that in some
B e ot thi plant all prove good, and the next
season all gmvu bad; whilst exactly the reverse happens with other
varieties. mame editor of the* Gardener’s Chronicle” remarked
how singular it was that this year many Calceolarins tended to
B bule: foris  ¥iith Harisesse Lo bioiched sent o 1o
acquiro their proper character until hot weather sets in ; whilst other
varietios lose their beantiful marks as soon as this occurs.

o Analogous fucts have been observed with leavos: Mr. Denton

aised at Shrubland, during six years, twenty thousaud

Shadlings Tom the Punch Pelargonium, and not one had variegated
leaves; but at Surbiton, in Surrey, one-third, or even a.greater pro-
portion, of the seedlings from this same variety were more or less
Bitieaied.  Tho sl of avother -]mtrxct In Surrey has » s ten-
dency to s fro ven me
by Sir F. Pollock.  Verlot statcs that the vnuegmaﬂ sitawberey

Mr. Wildman, Floricultural ¢ Ibid., 1862, p. 83,
Soe,” Feb. 7, 1648 reportad fn Gard. ard. Chron.,”
Chron., 1843, p . h.m 1863, p.

. B, & dokiaa ofHorti- o “Journal of Hort.
culture Feb 15th, 1866, p. 1 3

Journal of ﬂnmeuum, mn, 10 <Des Varidtés, &c., p. 76,
P24

845, p. 660.

1861, pp. 64, «
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rotaind ts charioter a8 long 8 grown in & dryish soil, but soon
loses it when planted in fresh and humid soil. ‘Mr. Salfer, who is
well known for his success in cultivating vnmegmul plants, informs
me that rows of strawberries were planted in his garden in 1859, in
the usual way ; and at various distances in one row, several plants
simultaneously became variegated ; and what made the case more ex-
traordinary, all were variegated in precisely the same manner. These
plants were removed, but during the three succeeding years other
Plants in the same row became variegated, and in 1o instance were
the plants in any adjoining row affected.

Re (hem.lcl] qualities, odours, and tissues of plants are often
modified by a change which seems to us slight. The Hemlock is
said not mymld conicine in_Scotla The root of the Acamtum
napellus becomes innocuons in frigid climates,  The mediainal
perties & of i Digitalis aro easily affected by culture, As the Pistacia
lentiscus grows abundantly in the South of France, the climate must
suit it, but it yields no mastic. The Laurus sassafras in Furope
loses the odour proper to it in North America  Many similar facts
could be given, and they are remarkable because it might have been
thought that definite chemical compounds would have been little
liable to change either in quality or quantit;

The wood of the American Locust-tree (1{(»bL7un) when grown in
England is nen.rly worthless, as is that of the Oak-free when grown
at the Cape of Good Hope.* Hemp and flax, as I hear from Dr.
Falconer, flourish and yield plenty of seed on the plains of India,
but their fibres are brittle and useless, Hemp, on the other hand,
fails to produce in England that resinous matter which is so largely
used in India as an intoxicating drug.

The fruit of the Melon is greatly influenced by slight d.\ﬂemoea
in’ culture and climate. Hence it is genvrally '8 sbetier
according to Naudin, to improve an old kind than to ettt
new one into any locality. The seed of the Persian Melon pro-
Gioes near Pais frul, inderior £ the poorest market kinds, but at
Bordeaux yields delicious fruit)® Seed is annually brought from
Thibet: to Kashmir,* and ‘f uces fruit weighing from four to ten
pounds, but plants raised next year from sced saved in Kashmir
Uve fruit weighing only from two to three pounds. It is well knows

erican varicties of the Apple produce in their native
Iunﬂ magnificent and bnghﬂy—eolomed fruit, but these in England
are of poor quality and a dull colour. In Hingary there are many

" Engel, ¢Sur les Prop. Medicales
des Plantes,’ 1860, pp.
changes in the odours of plants, see
Dalibert’s Experiments, quoted’ b
Beckman, ¢ Inventions o, . 3465
and Nees, in Ferussac, ¢ Bull. des Se.
A 1824, tom.i. p. 60, wnh
Tespect to the rhubarb, &, see also

¢ Gardener’s Chronicle,’ 1849, p. 355
1862, p. 1125.

12 Hooker, ¢ Flora Indica,” p.

ad N.ndm ‘Anules des. bL I\ut
4th seri . 81
Garlener's Chmnnln, 1839, p. 464,

" Moorcroft’s ¢ Travels,’ &, vol.
i, p. 143,
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varioties of the kidney-bean, remarkable for the beauty of their
seeds, but the Rev. M. J. Berkeley” found that their beauty could
ardly evr be preserved in England, and in some cases the colour

ms greatly changed. We have seen in the ninth chapter, with
Tespoct to wheat. what & remarkablo ffect trasportal from the
north to the south of France, and conversely, produced on the
weight of the grain.

When man can perceive no change in plants or animals
which have been exposed to a mew climate or to different
treatment, insects can sometimes perceive a marked change.

cactus has been imported into India from Canton, Manilla,
Mauritins, and from the hot-houses of Kew, and there is like-
wise a so-called native kind which was formerly introduced
from South America; all these plants belong to the same
species and are alike in appearance, but the cochineal insect
flourishes only on the native kind, on which it thrives
prodigiously** Humboldt remarks'? hat white men * born
in the torrid zone walk barefoot with impunity in the same
apartment where 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 perceive what the
most delicafe chemical analysis fails to discover, namely, a
difference between the blood or tissues of a European and
those of 4 white man born in the tropics. But the discern-
ment of the chigoe is not so surprising as it at first appears ;
for according to Liebig!® the blood of men with different
complexions, though inhabiting the same country, emits a
different odour.

Diseases peculiar to certain localities, heights, or climates, may be
There briefly noticed, as showing the influence of external circum-
stances on the human body. Diseases confined to certain races of
man do not concern us, for the 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 &

15 ¢ Gardener’s Chronicle,) 1861, p.  has been confirmed by Karsten
it ‘B r Kenntniss der Rhyn-
1 Royle, ¢ Productive Resources of  choprion ¥ Moscow, 1864, s. 39), and
by others.

40,

rsonal Narrative, Eng. lo Chamlatey Bag, trans=
B v P 101 This stctement  lat, Ist el p. 309,
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nearly intermediate position ; for it rarely affects Germans, who in-
habit the neighbourhood of the Vistula, where so many Poles are
grievously affected ; neither does it affcct Russians, who are said
to belong to the same original stock as the Poles* The eleva-
tion of a district often governs the appearance of diseases ; in Mexico
the yellow fever does not extend above 924 metres; and in Pern,
people are affected with the verugas only between 600 and 1600
metres above the xea; many other such cases could be given, A
peculiar cutancous complaint, called the Houton ’Alep, affects
in Aleppo and some neighbouring districts almost every native
infant, and some few strangers ; and it seems fairly well established
that this singular complaint depends on drinking certain waters,
In the healthy little island of St. Holena the scarlet-fever is dreaded
like the Plague; analogous facts have been observed in Chili and

exico® Even in the different departments of France it is found
that the various infirmities which render the «conseript unfit for
serving in the army, prevail with remarkable inequality, revealing,
as Boudin observes, that many of them are endemic, which other-
wise would never have been suspected.” Any one who will study
the distribution of disease will be struck with surprise at what
slight dif in the ing ci govern the
nature and severity of the complaints by which man is at least
temporarily affected.

The modifications as yet referred to are extremely slight, and in
most cases have been caused, as far as we can judge, by equally slight
differences in the conditions. But such conditions acting during
a series of generations would perhaps produce a marked effeet. .

‘With plants,a i h of climate il produces
a conspicuous result. I have given in the ninth chapter the most
remarkable case known to me, name that of varieties of maize,
which were greatly modified in the course of only two or three
generations when taken from a tropieal country to & cooler one, or
conversely. Dr. Falconer informs me that he has seen the English
Ribston-pippin apple,a Himalayan oak, Prunus and Pyrus, all assume
in the hotter parts of India a fastigate or pyramidal habit; and this
fact is the more interesting, as a_Chinese tropical species of Pyrus
naturally grows thus.  Although in these cases the changed manner
of growth seems to have been directly caused by the great heat, we
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 continually rise into
small stems, and form a_growth around the parent-free” The
varisties of the cabbage which produce heads in Europe fail to do so

" Prichard, ¢Phys. Hist. of Man-
kind,’ 1851, vol. i. p. 155.

" Darwin, ¢ Journal of Researches,’
1845, p. 434,

1 These statements on disease are
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in certain tropical conntries® The Rhododendron ciliatum produced
at Kew flowers so much lafger and paler-coloured than those which
it bears on its native Himalayan mountain, that Dr. Hooker * would
hardly have recognised the specics by the flowers alone. Many
g:mln facts with respect to the colour and size of flowers could
give
The experiments of Vilmorin and Buckman on carrots an
parsnips prove that abundant nutriment produces a definite mni
inheritable effect on the roots, with searcely any change in other
parts of the plant. Alum directly influences the colour of the
flowers of the Hydrangea.”” Dryness seems generally to favonr the
iness or villosity of plants. Girtner found that hybrid
erhucuma became extremely woolly when grown in pots.” Mr.
Masters, on the other hand, states that the Opnntia leveotricha *is
eIl clothed with beantifal white hairs when grown in a damp
“ heat, but in a dry heat exhibits none of this peculiarity.”*  Slight
variations of many kinds, not worth specifying in detail, are retained
only as long as plants are grown in certain soils, of which Sageret**
gives some instances from his own experience. Odart, who insists
strongly on the permanence of the varieties of the , admits®
it some varieties, when grown undera different elimate or treated
differently, vary in a slight degree, as in the tint of the fruit and in
the period of ripening. Some anthors have denied that grafting
ki cven the slightest difierence. in the. acion; but there 3
sufficient evidence that the fruit is sometimes slightly affected in
size and flavour, tho leaves in duration, and. tho flowers in appear-
ance®
There can be mo doubt, from the facts given in the ﬁrsl
chapter, that Enropean dogs deferiorate i India, not only
instinets but in structure; but the changes which they nndemo
aro of such*a nature, that they may b partly due to reversion to
primitive form, as in the case of feral animals. In parts of India the
turkey becomes reduced in size, © * ith the pcnﬂulm appendage over
the béak enormonsly develop seen how soon the wild
duck, when domesticated, loses ﬂs true chnrtu:tcl from the effects of
abundant or changed food, or from taking little exercise. From fthe
direct action of a humid climate and poor pasture the horse rapidly
in size in the Falkland Islands. From information which

* Godron, <De Yapbos, tom. il

5% Jouron of Hortieaturel S,
vol vil, 1852, p. 1
Sl o far. S vl . »

 Seo Lecoq, on_the Villosity of
e cepen o o i -
, 201; Gilrtner, ¢ Bastarderz.,’ s.
m~ Mr. Masters, on_the Opmits,
in ¢ Gard. Chronicls,” 1846, .

27 ¢ Pom. Ph; 36.

= < Ampélographie,” 1849, p. 19,

 Giirtner, * Bastarderz.,’ s. 606,
has coll d nearly all recorded fuczs
Andrew Knight (in “Transact. Hort.

Soc.. vol. ii. p. 160) goes so far as to
‘maintain that fow varieties are abso-
lutely permanent in character when
propagated by buds or grafts.
# Mr. Blyth, in ¢ Annals and Mag.
of Nat. Hist,’ vol. xx., 1847, p. 391,
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T have received, this scems likewise to be the case to a certain
extent with sheop in Australia.
ate definitely influences the hairy covering of animals; in

the West Indies a great change is produced in the flacce of sheep,
in about three generations. Dr. Falconer states® that the Thibet
mastiff_and goat, when brought down from the Himalaya to
Kashmiz, lose " thelr. fise wool, . At Angors mot only goats, but
shepherd-dogs and cats, have.fine flecey hair, and Mr. Ainsworth =
attributes the thickness of the fleece to tho sevaro winters, and its
silky lustre to the hot summers. Burnes states positively  that the
Katakisol shoep I thefr penullax blask aucled ficdoss when removed
into any other country. Even within the limits of England, L have
been assured that the wool of two breeds of sheep was slightly
changed by the flocks being pastured in different iocalities
has been asserted on_good authority * that horses kept during
several years in the decp 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 change of coat in
winter and summer. Nuked varietics of several domestic animals
have occasionally appeared ; but there is no reason to believe that
this is in any way related to the nature of the climate to which
they have been exposed.®

It appears at first sight probable that the increased size, the
tendency to fatten, the early maturity and altered forms of our
improved cattle, sheep, and pigs, have direetly resulted from their
abundant supply of food. This is the 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 more potent influence of
lessened use on fhe limbs and lungs.  We sce, orcover, as far as
size is eoncerned, that selection is apparently a more powerful agent
than a large s\lpply of food, for we can thus only account for the

ce, as_remarked to me by Mr. Blyth, of the largest and

emallcet broods of shoop in tho sane comntry, of Cochin-Chiha fowls

and Bantams, of small Tambler and large Runt pigeons, all kept
together and supplied with abundant nourishment. Nevertheless
there can be little doubt that our domesticated a been
mod.ﬁed independently ofthe iercased o e parts, by
the conditions to which they have been subjected, withont the aid
afealcesipn, - Yoo iustancs, Brof, Rittimeyer # ghows that the bones of

# ¢ Natural Hmoxynemw,' 1862, Hist, Nat. € Gén,," tom. ii. p. 438.

P Azara has made some good re-
= CJournal of Roy.  Geographieal  marks on this subjec, ‘Quadrupides
Soc.” vol. ix., 1839, p. 27 du Paraguay,’ tom. 337, See

y of naked mice
7 roducel i England,  Pro. Zoolog.
3 Seo also, on_the influence of oo, 1856, p.
the wol, Godron, ¢ Dio Binns der Piahlbauten,’
1861, 5. 15,

5 Traveis 1n Bobharas ol g n apecust of a fumi]
51,

w Lidore ('eoﬂmy Saint-Hilaire,
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m be from ﬂmse of wild
animals by 0 il (bl rios aml general appearan is
scarcely possible to read Nathusius's excellent ¢ \rolsmdmn 7% and
doubt that, with the highly improved races of the pig, abundant
food has produccd 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 pig,
which when two months old became diseased in its digestive or, aus.

and was preserved for observation until nineteen months ol
this age it had lost several characteristic features of the breed, und

cquired a long, narrow head, of large size relatively 1o its
small bod) and elongated legs. Butin this caseand in some others
we ought not to assume um, because certain characters are lost,
perhaps through reversion, under one course of treatment, therefore
that they were at first directly produced by an opposite treatment.

In the case of the rabbit, which has become feral on the island of
Porto Santo, we are at first strongly tempted to attribute tho
whole change—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 nature of the food sometimes either definitely mdnces certain
}:ocnlmrmes or stands in some close relation wif Pallas
long ago asserted that the fat-tailed sheep of Slberm de;,eneruﬁe
and lose their enormous tails when removed from certain_ saline
Eﬂ res; and recently Erman ® states that this oceurs with the

irgisian sheep when brought to Orenburg]

It is well known that hemp-seed causes bullfinches and certain -
other birds to become black. Mr. Wallace has communicated tome
some much more remarkable facts of the same nature. The natives
of the Amazonian region feed the common_green parrot (Clrysotis

Jestiva, Linn,) with the fat of large Siluroid fishes, and the birds

thus freated become beantifully variegated with red _and yellow

thers. In the Malayan archipelago, the natives of Gilolo alter in
an analogous manner the colours of another parrot, namely, the
ZLorius garrulus, Linn., and thus produce the Lori rajak or King-
Lory. These parrots in the Malay Islands and South America,
wheti od by $h¢ natives on natural vegetable food, such as rice and
plintaing, etain their proper colours, M. Walluce hus, also, ro-

corded® a'still more singular fact. “The Indians (of S. America)
B Dy which they change the colours of the feathers
“ of many birds. They pluck out those from the part they wish to

o it B eoiic s freen wonnd i G mily R
“ from the skin of a small toad. The feathers grow of a brilliant ,

 <Schwemeschiidel,” 1864, . 9. © A, R. Wallace, “Travels on the
» Travs in Slberm Eng. trans-  Amazon and Rio Negro, p. 204,
at,, vol. i p. 2
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«yellow colour, and on being plucked out, it is said, grow again of
“the same colour without any fresh operation.”

Bechstein ' does not entertain any doubt that seclusion from
light affects, at least temporarily, the colours of eage-birds.

Tt is well known that the shells of land-mollusca are affeeted by
the abundance of hm in different districts. Isidore Geoffroy Saint-
Hilaire * gives the of Helix lactea, which has recently been
caxrisd from Spain to the South of France and to the Rio Fla, sud
in both countries now presents a distinct appearance, but whether
this has rosulted from Tood or climate is nop known. ” With Tespect
to the common oyster, Mr. F. Buckland informs me that he can
generally distinguish the shells from different districts; young
oysters brought from Wales and laid down in beds where  natives
are indigenous, in the short space of two months begin to assume
the “native” character. M. Costa® has recorded amuch more re-
markable case of the same nature, namely, that young shells taken
Fom ths stiores of England and. placed. in the Mediterranean, at
once altered their manner of growth and formed prominent diverging
Tays, like those on the shells of the proper Mediterranean oyster. The
same individual shell, showing both forms of growth, was exhibited
before a society in Paris. Lastly, it is well known that caterpillars
fed on different food sometimes either lhemselves acquire a different
colour or produce moths differing in colour.*

1t would be travelling beyond my proper limits here to discuss
how far organic beings in a state of nature are definitely modified
by changed conditions. In my ‘ Origin of Species’ I have given a
Drief abstract of the facts bearing on this point, and have shown the
influence of light on the colours of birds, and of residence near the
sea on the Lurid tints of mscnts and on the succulency of plants.
Mr Herbert Spencer* has recently discussed with much ability

this whole subject on general grounds. He argues, for instance,
that with all animals the external and internal tissues are differently
acted on Dy the surrounding conditions, and they invariably differ
in intimate structure. So again the upper and lower surfaces of
true leaves, as well as of stems and petioles, when these assume

a ‘Nntnrgfnchmhn der Stuben-
840, 5. 262,
N

Ia Soc. Imp. d’Acclimat.” tom. vi -
For analogous fros
. P  Dablbom on Hymenopters, s Woet
od’s * Modern Class. of Insects,’ vol.
P 98 . L. Moller,
‘Die Abhingigkeit der Insecten,
m account of Mr. Gregson's 1867, s. 70.
experiments on_the Abrazus grossu-

m.

Ia Soc. Tmp. d'Accli-
p.351,

@ “The Principles of Biology,” vol.

lariata, * Proc. Entomolog. Sec.,’ Jan.
6th, 1862 these experiments have
been confirmed by Mr. Greening, in
“Proc. of the thgm Entomolog.
. For the effects

u cate , sec a_curious
sccoust, by M. Mmhely, in Bull, de

i, 1866, The present chapters were
written before 1 had read Mr. Her-
bert Spencer’s work, so that 1 have
ot been able to make so much use of
it as I should otherwise probably
have done.
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tho function and. occupy tho positon of Teaves, aro diftrently
umstanced with respest to light, &e., and apparently in con-
\wnce differ in structvre. But, as Mr. Herbert Spencer admits,
it is most difficult in all such cases to distinguish between the
effcets of the definite action of physical conditions and the accumu-
lation through natural selection of inherited variations which aro
serviceable to the organism, ich have arisen independently
O he Getnits astin of these condvions

Although we are not here concerned with the definite
action of the conditions of life on organisms in a state of
nature, T may state that much evidence has been gained
during the last few years on this subject. In the United
States, for instance, it has been clearly proved, more
especially by Mr. J. A. Allen, that, with birds, many species
differ in tint, size of body and of beak, and in length of tail,
in proceeding from the North to the South; and it appears
that these differences must be attributed to the direct action
of temperaturc.*®  With respect to plants T will give a some-
what analogous case: Mr. Meehan, has compared twenty-
nine kinds of American trees with their nearest Euroj
allies, all grown in close proximity and under as nearly as
possible the same conditions. In the American species he
finds, with the rarest exceptions, that the leaves fall earlier in

: the season, and assume before their fall a brighter tint; that
! they are less deeply toothed or serrated; that the buds are
smaller; that the trees are more diffuse in growth and have
fewer branchlets ; and, lastly, that the seeds are smaller—all
in comparison with tho corresponding European species. Now

that these trees belong to several
distinct orders, and that they are adapted to widely different
stations, it can hardly be supposed that their differences are
of any special service 1o them in the New and 01d worlds ;
and if so such differences cannot have been gained throngh
natural selection, and must be attributed to the long con-
tinued action of a different climate.

% Professor Weismann comes to  other authors on the present subject ;
the same conclusion with respect to for instance, to Kerner's ‘Gute und

valuable essay, ‘Ueber den Saison- 4 ¢ Proc. Acad. hnt Soc. of Phila-
ismus,’ 1875, 1 might also  delphia,’ Jan. 28th, 1862,
refor to the recent works of several
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Galls—Another class of facts, not relating to cultivated
plants, deserves attention. I allude to the production of galls.
Every one knows the curious, bright-red, hairy productions
on tho 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
1o 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 manmer as the apples of Nova Scotia or Canada are
Drighter coloured than English apples. According to Osten
Sacken’s latest revision, no less than fifty-eight kinds of galls
are produced on the several species of oak, by Cynips with its
sub-genera; and Mr. B. D. Walsh*® 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 pnucmred by certain insects,
yie growths resembli  fir-cones ; and
the flowers of some plants become h’om the same cause wholly
changed in appearance. Galls are produced in every quarter
of the world; of several sent to me by Mr. Thwaites from
Ceylon, some were as 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. Lacaze-Duthiers*® has
figured in the common ink-gall no less than seven concentric
Tayers, composed of distinct tissue, namely, the epidermic,
sub-epidermic, 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 larvee feed.

Galls are produced by insects of various orders, but the

4 See Mr. B. D. Walsh’s excellent 1864 p. 5
papers in ‘Proc. Entomolog. Soc. S his admirablo *Histoire 0 den
. Philadel phia,” Dec. 1866, Galle A do
With respect to the willow, sec ibid,,  8rd series, tom. xix., 1833,
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greater number by species of Cynips. Ttis impossible to read
M. Lacaze-Duthiers’ discussion -and doubt that the poisonous
secretion 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 group with Cynips. Galls
grow with extraordinary rapidity, and it is said that they
attain their full size in a few days ;° it is certain that they
are nlmost completely devolopcd before the larve are hatched.
that many g 11 ts are ly small, the
drop of secreted poison must be excessively minute; it pro-
bably acts on one or two cells alone, which, being abnor-
mally stimulated, rapidly increase by a process of self-division.
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 (Cecidomyide) which *though essentially dis-
“tinct species, yet resemble one another so closely that in
“almost all cases it is difficult, and in most cases impossible,
“to distinguish the full-grown insects one from the other.”s*
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 distinet species
of willows galls which cannot be distingnished ; the Cynips
Jecundatriz, also, has been known to produce on the Turkish
‘oak, 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 mature of the poison is a more
powerful agent in determining the form of the gall than the
specific character of the tree which is acted on.
As the poisonons secretion of insects belonging to various
lxdm Tas the special power of affecting the growth of various

Kirby
xmmn i p- 450; Lacaze-Duthiers,  and, Dec. 186,

andSpence’s Entomology,” Mr. B. D. Walsh, ibid, p. 633,
D,

75,
B B. D, Walsh, ibid., 1864, pp.
#'CProc. Entor mnlng Soc. Phila- 545 u 4953 and Dec. 1866, p. 275,
delphia,’ 1864, p. 558, See also Lacaze-Duthiers.

VoL, 1. %
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vlants ; asa slight difference in the nature of the poison suffices
to produce widely differcnt results; and lastly, as we know
that the chemical compounds secreted by plants are eminently
Tiable to be modified by changed conditions of life, we may
believe 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 viseid calyx of a moss-
rose, which suddenly 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 symmetri-
cally Dbranched like a microscopical spruce-fir, bearing a
glandular tip and secreting odoriferous 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 degree 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. Iam 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 muy affect struc-
ture. With such facts before us, we need feel no surprise
at the appearance of any modification in any organic being.

1 may, also, here allnde to the remarkable effects which parasitic
fangi sometimes prod\lec on plants. Reissek® has described a
Thesium, affected by an (Ecidinm, which was greatly modified, and
e e i e, species,
or even genera. Suppose, ss,ys Reissek, “ the condition originally

“ caused by the fungus to become constant in the course of time,
“ the plant rowlacet doand growitigwild, be considered as a distinet
“ species or even as belonging to a new genus.” I quote this

54 Lacaze-Duthiers, ibid., pp. 325, by Dr. M. T. Masters, Royal Institu-
328, tion, March 16th, 1860.
5 <Linniea, vol. xvil, 1843 quoted
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remrk to show how profo\mdly, yet in how natural a manner, this
modified by e parasitic fungus.

n * also whm-s thnt three npmu of Enphorbia and Portulaca
olereacea, which uaturally grow prostrate, become erect when they
are attacked by the (Ecidium. Lup/mrluu maculata in this case also

ies nodose, with the branchlets comparatively smooth and the

© leaves modified in shape, approaching in these respects to a distinct
species, namely, the £. hypericifolia.

Facts and Considerations opposed to the belicf that the Conditions
of Life act in a potent manner in causing definite Modifications
- of Structure.

1 have alluded to the slight differences in species naturally
living in distinct countries under different conditions ; and
such differences we feel at first inclined to attribute, probably

- often with justice, to the definite action of the surrounding con-
~ ditions. Bat it must be borne in mind that there exist mary
animals and plants which range widely and have been exposed
‘to great diversities of climate, yet remain uniform in character.
Some authors, as previously remarked, account for the varie-
ties of onr culinary and agricultural plants by the definite
action of the conditions to which they have been exposed in
the different parts of Great Britain; but there are about 200
plants ¥ which are found in every single English county ; and
these plants must have been exposed for an immense period
to considerable differences of climate and soil, yet do not
differ. 8o, again, some animals and plants range over a large
portion of the world, yet retain the same character.

Notwithstanding the facts previously given on the oceurrence of
u;uy pecliat loca discases and on tho strange modifications of
plants cuused by the inoeulated poison of insets, wnd

ere are a multitude of variations—

B o eioiiics sl of B ain oe bulldog, the long
Torns of Caffre cattle, the conjoined toes of the solid-hoofed swino,
the mmenso crest and protuberant skull of Polish fovls, the crop
of the ponter-pigeon, and & host of other such cases—which we can
larly sttibuto to the dofinito ueion i the sanse boforo spocifed,

external conditions of life. No doubt in every case f

e exciting cause Pirmaiung i Ol

8 fProc, Acad. Nut. Sc, Philadel. v Howett C. -Watson, ¢Cybole
;u; June 16, 1874, and July 23, Britannica,” vol. i, 1847, p. 1

T2
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individuals exposed to nearly the same conditions, and one alone is
affected, we may conclude that the constitution of the individual is
of far hl(,ller importance than the conditions to which it has
exposed. It seems, indeed, to be a general rule that conspicuous
variations occur rarely, and in one individual alone out of millions,
though all may have been exposed, as far as we can judge, to nearly
the same conditions. As the most strongly murked \'nnntions

graduate insensibly into the most trifling, we are led by the same
train of thought to attribute each slight variation et g
innate differences of constitution, however caused, than to the
daﬁmm mmon ('f the sllmmndm[, conditions.

We o same conclusion by considering the cases,
Sty oded it Gowiiand pigeons, which have varied and
will 1o donbt go on varying in directly opposite ways, though kept
during many generations under nearly the same conditions. Some,
for instance, are born with their beaks, wings, tails, legs, &c., a
little longer, and others with these same parts  little shorter. By
the long-contimod slection of such slight indi
which occur in birds kept in the same aviary, widely different races
could certainly be formed ; and long-continued selection, important
as is the result, does noll\mg but preserve the variations which arise,
as it appears to us, spontaneously.

In these cases we see that domesticated animals vary in an
indefinite number of particulars, though treated as llml'mm]y as
is possible. On the other hand, there are instances of animals and
plants, which, though they have been exposed to very different
conditions, Dboth under nature and domestication, have varied in
nearly the same manner. Mr. Layard informs me that Le has
observed amongst the Caffres of South Africa a dog singularly like
an arctic Esquimaux dog. Pigeons in India present nearly the
same wide diversities of colour as in Europe; und I have seen
chequered and simply barred pigeons, and pigeons with blue and

white loins, from Sierra Leone, Madeira, England, and India. New
varicties of flowers are continually raised in different parts of Great
Britain, but many of these are found by the judges at our exhibitions
to be almost identical with old varieties. A vast number of new
fruit-trees and culinary vegetables have been produced in North
America : these differ from European varieties m the same general
manner as the several varieties raised in Europe differ from one
another; and no one has ever pretended that the climate of America
has given to the many American varieties any general character by
which they can be recognised. Nevertheless, from the facts pre-
viously advanced on the 1 ‘authority of Mr. Mechan with respect to
American and European forest-trees it would be rash to affirm that
varieties raised in the two countries would not in the course of
ages assume a distinetive character, Dr. M. Masters has recorded a
striking fact® bearing on this subject: he raised numerous plants

8 ¢ Gardener’s Chronicle, 1857, p. 629.
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of Hybisous syriacus from seed collected in South Carolina and the
Holy Land, where the parent-plants must have been expose
considerably different conditions; yet the seedlings from both
localities broke into two similar strains, one with obtuse leaves and
purple or crimson flowers, and the other with elongated leaves and
more or less pink flowers.

We may, also, infer the prepotent influence 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
varicties,—an_important subject, hereafter to be more fully dis-
e Sub-varietios of the several kinds of wheat, gourds, peaches,
and other plants, and to a limited extent sub-varieties of the fowl,
pigeon, and dog, huve boen shown cither fo resemblo or fo difer
rom one another in a closely corresponding or parallel maner.
In other cases, a variety of one species resembles a distinct species;
or the varieties of two distinct species resemblo ono another.
Although these parallel resemblances no doubt often result from
Teversion to the former characters of a common progenitor ; yet in
other eases, when new characters first appear, the resemblance must
be attributed to the inheritance of a similar constitution, and con-
soquently to a tendency to vary in the same manner. We see
something of a similar kind in the samo monstrosity appearing and
Teappearing many times in the same species of animal, and, as Dr.

well Masters has remarked to me, in the same species of plant.

We may at least conclude, that the amount of modification
which animals and plants have undergone under domestication
does not correspond with the degree to which they have been
subjected to changed circumstances. As we know the parent-
age 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 India.
Neither the peacock, a native of the same country, nor the
guinea-fowl, an inhabitant of the dry deserts of Africa, has
varied at all, or only in colour. The turkey, from Mexico,
has varied but little. The duck, on the other hand, a native
of Burope, has yielded some well-marked races; and as this
is an aquatic bird, it must have been subjected to a far more
serions change in its habits than the pigeon or even the fowl,
which nevertheless have varied ina much higher degree.
The goose, a native of Buropo and aquatic like the duck, has
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varied less than any other domesticated bird, except the
peacock.

Bud-variation is, also, important under our present point of
view. In some few cases, as when all the eyes on the same
tuber of the potato, or all the fruit on the same plum-tree, or
all the flowers on the same plant, have suddenly varied in the
same manner, it might be argued that the variation had been
definitely caused 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 do not occur in the
parent-species or in any allied species, we may reject, at least
in these cases, the idea that they are due to reversion. Now
it is well worth while to reflect maturely on some striking
case of bud variation, for instance that of the peach. This
treo has been cultivated by the million in various parts of the
world, has been treated differently, grown on its own roots
and grafted on various stocks, planted as a standard, trained
against a wall, or under glass; yet each bud of each sub-
variety keeps true to 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 nectarines.
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 nectarine produced by bud-variation
has propagated itself by seed. To guard against the supposi-
tion that there is some fundamental distinetion between bud
and seminal variation, it is well to bear in mind that
nectarines have likewise been produced from the stone of the
peach s 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
canse, produced a mectarine  But the case is even stronger
than this, for the same flower-bud has yielded a fruit, one-
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half or one-quarter a nectarine, and the other half or three-
quarters a peach. Again, soven or cight varictios of the

peach have yiclded by bud-v: : the
thus produced, no doubt, dlﬂcr a little fn)m one another ;
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 facts
better adapted to force on our minds the conviction that
what we call the external conditions of life are in many cases
quite umgmﬁmnt in relation to any particular variation, in
with the i or itution of the being

which varies.

1t is known from the labours of (‘euﬂ'rny Saint-Hilaire, and
recently from those of Dareste and others, that eggs of the
fowl, if shaken, plmd upright, perforated, covered in part
with varnish, &ec., produce monstrous chickens. Now these
monstrosities may be said to be directly caused by such
1 liti but the di 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 the embryo act solely in
“causing a perturbation—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, rheu-
matism, or inflammation of the lungs or plenra. 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
showod ecchymosed spots on the heart, others on the intestines,
&o.; others again showed no visible lesion in any organ. It
is well known that excess in drinking causes different diseases

“Mémoire sur la Production
Artificielle des Monstruosités,” 1862,
PP 8-12; rches sur les Condic ) v
tons, ey ches s Momsiron? 1863, " Hintarchis’ ey the Vensital

An abstract is given of the Rattlo-snake, Jan, 1861, by Dr.
&na‘my. Experiments by hisson, in  Mitchell, p. 67.
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in different men; but in the tropics the effects of intemper-
ance differ from those caused in a cold climate; ® and in this
case we see the definite influence of opposite conditions.
The foregoing facts appurently give us as good an idea as
we are likely for a long time o obtain, how in many cases
external conditions act directly, though not definitely, in
cansing modifications of structure.

Summary. —There can be o doubt, from the facts given in
this chapter, that extremely slight changes in the conditions
of life sometimes, probably often, act in a definite manner
on our domesticated productions; and, as the action of
changed conditions in causing indefinite variabi ity isaccumu-
lative, so it may be with their definite action. Hence
considerable and definite modifications of structure probably
follow from altered conditions acting during a long series of
generations. In some few instances a marked effect has been
produced quickly on all, or nearly all, the individuals which
have been exposed to a marked change of climate, food, or
other circumstance. This has occurred with European men in
the United States, with European dogs in India, with horses
in the Falkland Islands, apparently with various animals at
Angora, with foreign oysters in the Mediterranean, and with
maize transported from one climate to another. We have
seen that the chemical compounds of some plants and the
state of their tissues are readily affected by changed condi-
tions. A relation apparently exists between certain characters
and certain conditions, so that if the latter be changed the
character is lost—as with the colours of flowers, the state of
some culinary plants, the fruit of the melon, the tail of
fat-tailed sheep, and the peculiar fleeces of other sheep.

The production of galls, and the change of plumage in parrots
when fed on peculiar food or when inoculated by the poison
of & toad, prove to us what great and mysterious changes in
structure and colour, may be the definite result of chemical
changes in the nutrient fluids or tissues,

We now almost certainly know that organic beings in a

# Mx, Sedgwick, in British and Foreign Medico-Chirurg. Keview,' July
1865, p. 175,
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state of nature may be modified in various definite ways by
the conditions to which they have been long exposed, as in
the case of the birds and pther animals in the northern and
southern United States, and of American trees in comparison
with their representatives in Europe. But in many cases it
is most difficult to distinguish between the definite result of
changed conditions, and the accumulation through natural
selection of indefinite variations which have prove serviceable.
If it profited a plant to inhabit a humid instead of an arid
station, a fitting change in its constitution might possibly
Tesult from the direct action of the environment, though we
have no grounds for believing that variations of the right
kind would occur more frequently with plants inhabiting a
station a little more humid than usual, than with other plants.
Whether the station was unusually dry or humid, variations
adapting the plant in a slight degreo for directly opposite
habits of life would occasionally arise, as we have good reason
10 believe from what we actually see in other cases.

The organinacion or constitution of the being which is
acted on, is generally a much more important element than
the nature of the changed conditions, in determining 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
neatly the same conditions. We have still better evidence of
this in closely parallel varieties being froquently produced
from distinct races, or even distinet species ; and in the
frequent recurrence of the same monstrosity in the same

ies. We have also seen that the degree to which
domesticated birds have varied, does not stand in any close
relation with the amount of change to which they have been
subjected.

To recur once again to bud-variations. When we reflect on
the millions of buds which many trees have produced, befote
some one bud has varied, we are lost in wonder as to what
the precise cause of each variation can be. Let us recall the
caso given by Andrew Knight of the forty-year-old tree of the
yellow magnum bonum plum, an old variety which has been
Propagated by grafts on various stocks for a very long period
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thronghont FEurope and North America, and on which a
single bud suddenly produced the red magnum bonum. We
should also bear in mind that distinct varieties, and even
distinct species,—as in the case of peaches, nectarines, and
apricots,—of certain roses and camellias,—althouh separated
by a vast number of generations from any prngemtnr in
common, and although culti under di
have yielded by bud-variation closely amalogous varieties.
When we reflect 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
plunt has been exposed, and not in any especial manner on
its individual character, but much more on the inherited
nature or constitution of the whole group of allied beings to
which the plant in question belongs. We are thus driven to
conclude that in most cases the conditions of life play a
subordinate part in causing 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 com-
bustible matter, and not on the spark.®

No doubt each slight variation must have its efficient cause ;
but it is 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 between
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 varia-
tions are bound together by correlation as well as by other
laws. Beyond this we cannot at present explain either the
causes or nature of the variability of erganic beings.

® Professor  Weismann  argues  ‘Saison-Dimorphismus der Schmetter-
strongly in favour of this view in hix  linge,’ 1875, pp. 40—43.
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CHAPTER XXIV.

LAWS OF VARIATION—USE AND DISUSEZ, EIC.

TIVUS, OR THE FOWER OF THE
EFFECTS OF THE INCREASED USE AND DISUSE OF O
€D HABITS OF LIFE—ACCLIMATISATION WITH ANIMALS AND PLANTS
—VARIOUS METHODS BY WHICH THIS CAN BE EFFECTED—ARRESTS OF
DEVELOPMENT—RUDIMENTARY ORGANS,

Iy this and the two following chapters I shall discuss, as well
as the difficulty of the subject permits, the several Luws which
govern Variability. These may be grouped under the effects
of use and disuse, including changed habits and acclimatisation
—arrest of devel related variation—the cohesion
of homologous parts—the variability of multiple parts—com-
pensation of growth—the position of buds with Tespect to the
axis of the plant—and lastly, analogous variation. These
several subjocts so graduate into one another that their dis-
tinction is often arbitrary.

It may bo convenient first briefly to disonss that co-

and reparative poner which , in a higher
or lower dogree, to all organic beings, and which was formerly
by physiologists as nisus f

Blumenbach and others! have insisted that the principle which
pormits o Hydro, when cut into fragmonts, fo dovelop tselt into
two or more perfeet animals, is the same with that which ca

B Wound in 116 higher animals %0 heal by & oioatrice. . Such oaees
as that of the Hydra are cvidently analogous to the spontaneous
division or fissiparous generation of the lowest animals, and like-
wiso to the budlfimg of plants. Between these extreme cases and
that of a mere cicatrice we have every gradation. Spallanzani, by
entting off the legs and tail of n Salamander, got in the course of three
months six erops of these members ; so that 687 perfect bones were
reproduced by one animal during one season. At whatever point

1 ¢An Essay on Generation, 200,
translat., p. 18; Paget, ¢ Lecture 2 ¢An Essay on Animal Reproduc-
Surgical Pathology,” 1853, vol. i. p. tion, Eng. translat., 1769, p. 79.
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tho limb was ut off,the deficient part, and no more, was exactly
rep iseased bone has been removed, a new o
sotefimes * gradvally ssuiis the reglar furin, sugt il the atiest
“ments of muscles, ligaments, &c., become as complete as before.”

This power of re-growth does not, however, always act perfectly;
the reproduced tail of a lizard differs in the form of the scales from
the normal tail : with certain Orthopterous insects the large hind
legs are reproduced of smaller size:* the white cicatrice which in
the higher animals unites the edges of a deep wound is not formed
of perfect skin, for elastio tissue s not produced till long afterwards.”
“The activity of the nisus formativus” says Blumenbach, “ is in an
“inverse ratio to the age of the organised body.” Its power is also
greater with animals, the lower they stand i the scale of organi.
£ation ; and animals fow in the scalé correspond with theembryos of
Higher aninals beonging to thesame class. Newportsobservations
afford a good illustration of this fct, for he found that  myriapods,
& rhoso highest development scarcl carrics them beyond fhe larve

“of perfect insects, ean regenerate limhs and antenne up to the
“time of their s ‘moult;” and so can the larvin of true_insects,
but, except in one order, not in the mature insect. ~Salumanders cor-
Tespond in devclopment with the fadpoles or larva of the tailless
Batrachians, and both possess to a large extent the power of re-
growth; but not so e B e

Absorption often plays an important part in the repair 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.” A dislocated bone

will form for itself a new socket. Displaced tendons and varicose
veins exeavate new channels in the bones against which they press.
But absorption comes into action, as Virchow remarks, during the
normal growth of bones; parts which aresolid during youth become
hollowed out or the medullary tissue as the bone increases in size.

n trying to undmsmml the many well-adaptod cascs of re-growth
e absorption, we shonld remember that almost all
parts of the orga.m'mtion, even whilst reu:ining the same form,
‘undergo constant renewal ; so that a part which is not renewed would
be liable to absorption.

Some cases, usually classed under the so-called nisus formativus,
af first appear to come under a distinet head ; for not only are old
structures reproduced, but new structures are formed. Thus, after
inflammation “false membranes,” furnished with blood-vessels,
Iymphatics, and nerves, are developed ; or a fostus escapes from the

Carpenter’ ¢ Pinciples of Comp. ~ Phy:

l’hysloleg\', 1854, p. 479, me Mmeyl discussion on the
Charfesworth’s ¢ Mag. of Nat. o of co-adaptation in all parts of

Hist vol , p. 145, e orgaisation is excellent. ‘La

aget, ¢ e Surgical MnchmuAmmnle, 1875, chap.
Pathology, val. i. p. 239. so Paget, * Lectures,’ &c., p.
* Quoted by Carpenter, ¢Comp.
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Fallopian tubes, and falls into the abdomen, “ nature pours ont a
“ quantity of plastic lymph, which forms itself into organised mem-
“brane, richly supplied.with blood-vessels,” and the fwtus is
nourished for a time. In certain cases of hydrocephalus the open
and dangerous spaces in the skull are filled up with new bones,
which interlock by perfect serrated sutures® But most physiolo-
gists, especially on the Continent, have now given up the belief in
plastic lymph or blastema, and Virchow * maintains that every
Structure, new or old, is formed by the proliferation of pre-existing
. On this view false membranes, like cancerous or other
tumours, are merely abnorma! developments of normal growths ;
and we can thus understand how it is that they resemble adjoining
structures; for instance, that a false membrane in
“ eavitics acquires a covering of epithelium exactly like that which
“ govers the original serous membrane; adhesions of the iris may
“become black from the ion of pigment-cells like
“those of the uven.”

No doubt the power of reparation, though not always perfect, is
an admirable provision, ready for various emergencies, even for such
as oceur only at long intervals of time.  Yet this power is not more
wonderful than the growth and development of every single creature,
more especially of those which are propagated by fissiparous gene-

ion.  This subject has been here noticed, because we may infer
that, when any part or organ is either greatly increased in size or
wholly suppressed through variation and continued selcetion, the

i 3 jsation will conti tend to

i
bring again all the parts into harmony with one another.

On the Effects of the Tnereased Use and Disuse of Organs.

It is notorious, and we shall immediately adduce proofs,
that increased use or action strengthens muscles, glands,
sense-organs, &e.; and that disuse, on the other hand, weakens
them. It has been experimentally proved by Ranke!* that
the flow of blood is greatly increased towards any part which
is performing work, and sinks again when the part is at rest.
Consequently, if the work is frequent, the vessels increase in
size and the part is better nourished. Paget ! also accounts
for the long, thick, dark-coloured hairs which i

® These eas

bach in his ¢ Es

¢ given by Blumen-  1* <Die Blutvertheilung,
n Generation,’ pp. ~ Organe,’ 1871

52, 54. ' “In Sachen D:
b ¢Cellular Pathology,’ trans. by  Seo also H. Speacer,
Dr, Chance, 1860, pp. 27, 441. of Biology,” val. i. 1866, chap. 3-5.
i Paget, ¢ Lectures on Pathology, 13 ‘Lectures on Pathology,’ 1833,
i vol. i, p. 71,

vol. i, 1833, p. 357.
1 Paget, ibid., p. 15
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grow, even in young children, near old-standing inflamed
surfaces or fractured hones by an inereased flow of blood to
the part. When Hunter inserted the spur of a cock into the
comb, which is well supplied with blood-vessels, it grew in
one case spirally to a length of six inches, and in another case
forward, like a horn, so that the bird could not touch the
ground with its beak. According to the interesting observa-
tions of M. Sedillot,'* when a portion of one of the bones of
the leg of an animal is removed, the associated bone enlarges
till it attains a bulk equal to that of the two bones, 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
sizo of the other, soon acquires a size equal to or greater than
that of the tibia. Now, it is at first difficult to believe that
increased weight acting on a straight b 1d, by al
increasing and diminishing the pressure, cause the blood to
flow more freely in the vessels which permeate the periostenm
and thus supply more nutri to the bone. Neverth

the observations adduced by Mr. Spencer, ' on the strengthen-
ing of the bowed bones of rickety children, along their con-
cave sides, leads to the belief that this is possible.

The rocking of the stem of a tree increases in a marked
manner the growth of the woody tissue in the parts which are
strained. Prof. Sachs believes, from reasons which he assigns,
that this is due to the pressure of the bark being relaxed in
such parts, and not as Knight and H. Spencer maintain, to
an increased flow of sap caused by the movement of the
trunk.'® But hard woody tissue may be developed without
the aid of any movement, as we see with ivy closely attached
to an old wall. In all such cases, it is very difficult to distin-
guish between the effects of long-continued selection and those
which follow from the increased action of the part, or directly
from some other cause. Mr. H. Spencer! acknowledges
this difficulty, and gives as an instance the thorns on trees

U <Comptes Rendus,’ Sept. 26th, ¢ Ibid,, vol. ii. p. 269. Sachs,

1864, p. 539, “Text-book of Botany,’ 1875, p. 734.
' H. Spencer, ‘The Principles of ¥ Ibid, vol. ii. p. 273.

Biology,” vol. ii. p. 243.
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and the shells of nuts.  Here we have extremely hard woody
tissue without the possibility of any movement, and without,
any other directly exciting cause ; and as
« parts is of manifest service to the plant,
we may look at the result as probably due to the selection of
so-called spontaneous variations. Every one knows that hard
work thickens the epidermis on the hands; and when we
hear that with infants, long before birth, the epidermis is
thicker on the palns and soles of the feet than on any other
part of the body, as was observed with admiration by Albinus,1*
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 the muscles may be scen in the limbs of
artisans who follow _different trades; and when a_muscle is
strengthened, the tendons, and the erests of bone to which they are
attached, become enlarged ; and this must likewise be the case with

10 blood-vessels and nerves. On the other hand, when a limb is
10t used, as by Fastern funatics, or when the nerve supplying it
with nervous power is effectually destroyed, the museles wither.

again, when the eye is destroyed the optlc nerve becomes
atrophied, sometimes even in the course of a fow months.” The
us i$ farnished with branchim as well as with lungs: and
Schreibers® found that when the animal was compelled to live in
deep water, the branchis were developed to thrice their ordinary
size, and the lungs were partially atrophied. When, on the other
hand, the animal was compelled to live in_shallow water, the lungs
became larger and more vascular, whilst the branchiwe disppeared
in & more or less complete degree. Such modifications as these are,
Towever, of comparatively little value for us, as we do not actually
know that they tend to be inherited.

Tn many cases there is reason to believe that the lessened use of
various organs has affected the corresponding parts in the offspring.
But thero is no good evidence that this ever follows in the course
of a single generation. It appears, as in the case of general or in-

" Plgel Lectures on Pathelogy, P 10) curious acconnt of theatrophy
vol. i. of the limbs of rabbits after the de-
e Phys,’ Eng. translat.,  struction of the nerve.
54, 791, Prof. Reed has given 2 Quoted by Lecog, i a ‘ngn\ph
' bhysiological sd Anat. Rescarehes;  Bot." tom. i 1854, p.
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definite variability, that several generations must be subjected to
changed habits for any appreciable result. Our domestic fowls,
ducks, and geese have almost lost, not only in the individual but
in the race, their power of flight; for we do not see a young fowl,
when frightened, take flight ernggllug pheasant. Hence I was
led carefully to compare the limb-bones of fowls, ducks, pigeons,
and rabbits, with the same bones in the wild parent-species. As
the measurements and weights were fully given in the earlier
chapters I need here only recapitulate the results, With domestic
pigeons, the length of the sternum, the prominence of its crest,
the length of the scapule and furculum, the length of the wings as
measured from tip to tip of the radii, are all reduced relatively to the
same parts in the wild pigeon. The wing and tail feathers, however,
are increased in length, but this may have as little connection with
the use of the wings or fail, as the lengthened hair on a dog with
the amount of exercise which it has habitually taken. The feet of
pigeons, except in the long-beaked races, are reduced in size. With
fowls the crest of the sternum is less prominent, and is often dis-
torted or monstrous ; the wing-hones have become lighter relatively
to the leg-bones, and are a little shorter in i
with those of the parent-form, the Gallus bankiva, With ducks,
the crest of the sternum is affected in the same manner as in the
foregoing cases : the fureulum, coracoids, and scapul are all reduced
in weight relatively to the whole skeleton : the bones of the wings
are shorter and lighter, and the bones of the legs longerand heavier,
relatively to each other, and relatively to the whole skeleton, in
comparison with the same bones in the wild-duck. The decreased
weight and size of the bones, in the foregoing cases, is probably the
indirect result of the reaction of the weakened muscles on the bones,
1 failed to compare the feathers of the wings of the tame and wild
duck; but Gloger! asserts that in the wild duck the 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. He remarks
also on the greater thickness of the logs, and says that the swimming
membrane between the toes is reduced ; but I was not ablo to
detect this latter difference.

With the domesticated rabbit the body, together with the whole
skeleton, js generally larger and heavier than in the wild animal,
and the leg-bones are heavier in due proportion ; but whatever
standard of comparison be taken, neither the leg-bones nor the
scapule have inereased in length proportionally with the increased
dimensions of the rest of the skeleton. The skull has become in a
marked manner narrower, and, from the measurements of its
capacity formerly given, we may conclude, that this narrowness
results from the decreased size of the brain, consequent on the
mentally inactive life led by these closely-confined animals,

We have seen in the eighth chapter that silk-moths, which have

# ¢ Das Abiindern der Vogel,” 1833, 5. 74,
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been kept during many centuries closely confined, emerge from their
eocoons with their wings distoried, incapablo of ﬂxghl often grently
reduced in size, or even,

This condition of the wings may be lm‘gcly Wi pigemaoth
of monstrosity which often affts wild Lepidoptera when ‘artifcally
reare: the cocoon; or it may be in part due to an inherent
tendency. which i common to the fomales of many Bombycid, to
have theit wings ina_more or less rudimentary state; but part of
the effect may be attributed to long-continued disuse.

From the foregoing facts there can be no doubt that with
our anciently domesticated animals, certain bones have in-
creased or decreased in size and weight owing to increased or
decreased use ; but they have not been modified, as shown in
the earlier chapters, in shape or structure. With animals
living a free life and occasionally exposed to severe compe-
tition the reduction would tend to be greater, as it would be
an advantage to them to have the development of every
superfiuous part saved. With highly-fed domesticated animals,
on the other hand, there scems to be no economy of growth,
nor any tendency to the elimination of superfluous details.
But to this subject T shall recur.

Turning now to more general observations, Nathusius has
shown that with the improved races of the pig, the shortened
logs and snout, the form, of the artioular condyles of the
occiput, and the position of the jaws with the upper canine
teeth projecting in a 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 modifications of structure, which
are all strictly inherited, characterise several improved
Treeds, so that they cannot have been derived from any single
domestic stock. With respect to cattle, Professor Tanner has
remarked that the lungs and liver in the improved breeds
“are found to be considerably reduced in size when compared

“yith those possessed by animals having perfect liborty ;"

* Nathusius, ‘Dne bncen des  Nathusius: ‘Dzr Schiidel des Masken-
Schweines,’ 1860, s. 3, Vor  schweines,
B Sl 1068, " “onranl ongncultureafﬂvzh_

5. 103, 130, 133, Prof. Lucae supports  land Soc.,’ July, 1860, p.
and extends the conclusions of Von
VOL. 11 v
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and the reduction of these organs affects the general shape
of the hody. The cause of the reduced Inngs in highly-bred
animals which take little exercise is obvious; and perhaps
the liver may be affected by the nutritious and artificial food
on which they largely subsist. Again, Dr. Wilckens asserts >
that various parts of the body certainly differ in Alpine and
lowland breeds of several domesticated animals, owing to
their different habits of Jife ; for instance, the neck and fore-
legs in length, and the hoofs in shape.

1t is well known that, when an arfery is tied, the anastomosin
branches, from being forced to transmit more blood, increase in
diameter: and this increase cannot bé accounted for by mere exten-
sion, as their coats gain in strength. With respect to glands, Sir
J. Paget observes that “when one kidney is destroyed the other
“often becomes much larger, and_does double work”® If we
compare the size of the udders and their power of secretion in cows
which have been long domesticated, and in certain breeds of the gont
in which the udders nearly touch the ground, with these organs in
wild or half-domesticated animals, the difference is great. A good
cow with us daily yields more than five gallons, or forty pints of
milk, whilst a firit-rate animal, kept, for instane, by the Damaras
of South Africa, “rarely gives more than two or three pints of milk
“ daily, and, should her calf be taken from her, she absolutely
“ refuses to give any.” We may attribute the excellence of our
cows and of certain goats, partly to the continued selection of the
best milking animals, and partly to ghe inherited effects of the
increased action, through man’s art, of the seereting glands.

1t s notorious that short-sight is inherited ; and we have seen in
the twelfth chapter from the statistical rescarches of M. Giraud-
Teulon, that the habit of viewing near objects gives & tendeney to

hort-sight. inarians are unani at horses are affected
with spavins, splints, ringbones, &c., from being shod and from
travelling on hard roads, and they are almost equally unanimous
that a tendency to these malformations is transmitted. Formerly
horses were not shod in North Carolina, and it has been asserted that
they did not then suffer from these diseases of the legs and feet.” :

Our d d quadrupeds are all descended, as far as is
known, from species having evect ears ; yet few kinds can be
named, of which at least one race has not drooping cars,

= ¢ Landwirth. Wochenblatt,’ No.  in South America, see Aug. St.-Hilaire,
0. Voyage dans la Province de Goyaz,'
% ¢ Loctures on Surgieal Pathology,’ tom. i. p. 71.
1853, vol. i. p. 27, ** Brickell’s ¢ Nat. Hist. of North
= Audersson, ‘Travels in South  Carolina,’ 1739, p. 53.
8. Fe »

Africa,’ p. 318. For analogous cases
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Cats in China, horses in parts of Russia, sheep in Italy and else-
where, the guinea-pig formerly 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 ears 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 except the elephant. Hence the incapacity to erect the
ears is certainly in some manner the result of domestication ;
and this incapacity has been attributed by various authors
to disuse, for animals protected by man are not compelled
habitually to use their ears. Col. Hamilton Smith® states
that in ancient effigies of the dog, “ with the exception of one
«Egyptian instance, no sculpture of the earlier Grecian era
“produces ions 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 the Roman period.” Godron also has remarked
“that the pigs of the ancient Egyptians had not their cars
“enlarged and pendent.” But it is remarkable that the
drooping of the ear is not accompanied by any decrease in
size; on the contrary, animals so different as fancy rabbits,
“eertain Indian breeds of the goat, our petted spamiels, blood-
hounds, and other dogs, have enormously elongated ears, so
that it would appear as if their weight had caused them to
droop, aided perhaps by disnse. With rabbits, the drooping
of the much elongated ears has affected even the structure of
the skull.

The tail of no wild animal, as remarked to me by Mr. Blyth,
iscurled; whereas pigs and some races of dogs have their tails
much curled. This deformity, therefore, appears to be the
result of domestication, but whether in any way connected
with the lessened use of the tail is doubtful.

* Livingstone, quoted by Youstt ¢ abrbuch der deatschen Viehaucht,
seep, p. 142, Hodgson, in‘ Jour-  1866.
atic Soc.of Bngal ol i,
1847, p. 1006, &e. &c. On the other
S, De. Wilckens arguce strongly
:}Ihut the belief that the drooping 367,
the ears is the result of disuse:

uralis’s Lirssy, ' Dogs vl.

.qm, tom. i, 1859, p.

v2
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The epidermis on our hands is easily thickened, as every
one knows, by hard work. In a district of Ceylon the sheep
have ¢ horny callosities that defend their knees, and which
* arise from 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 peculiarity is inherited.!

The mucous membrane which lines the stomach is con-
tinuons with the external skin of the body ; therefore it is
not surprising that its texture should be affected by the
nature of the food consumed, but other and more interesting
chinges likewise follow. Hunter long ago observed that the
muscular coat of the stomach of a gull (Larus tridactylus)
which had been fed for a year chiefly on grain was thickened ;

* and, according to Dr. Edmondston, a similar change periodi-
cally occurs in the Shetland Islands in the stomach of the
Larus argentatus, which in the spring frequents the corn-

, fields and feeds on the seed. The same careful observer has
noticed a great chango 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 was changed, the inner coat became leathery,
and the liver increased in size. Whether these modifications
in the digestive organs would in the course of generations
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
muscles, are necessarily all modified together with the
i i A ding to by the i incs of the
domestic cat are one-third longer than those of the wild cat
of Burope; and although this species is not the parent-stock
of the domestic animal, yet, as Isidore Geoffroy has remarked,

3t ¢Ceylon,’ by Sir J. E. Tenuent, as quoted in Macgillivray’s ¢ British
1859, vol. ii. p. 531. Birds,” vol. v. p. 550: Menetries, as

# For the foregoing statements, sz quoted in

Hunter’s *Essays and Observations)  Natur,’ B.
1861, vol. . p. 329; Dr. Edmondston,

ronn’s * Geschichte der
5. 110,
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the several species of cats are so closely allied that the
comparison is probably a fair one. The increased length
appears to be due to the domestic cat bemg less strictly car-
mnivorous in its diet than any wild feline species ; for instance,
I have seen 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.

Changed and inherited Habits of Life.—This subjoct, as far as
the mental powers of animals are concerned, so blends into
instinct, that I will here only remind the reader of such cases
as the tameness of our domesticated 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 mere habit, and how much to the
selection of md)vldnzls which have vm‘xed in the desired
‘manner, P 1y of the special under
which they have been kept, can seldom be told.

We have already scen that animals may be habituated to
a changed diet ; but some additional instances may 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 most 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 a Chinese sow by a wild Alpine boar; they lived free
in the park, and were so tame that they came to the house to

= Thetostatements on the ntestnes ~ borne 1825 v
are taken from Isidore Geoffroy Sain * Burdach, T
Hilaire, ¢ Hist. Nat. Gén.,’tom, ii. p.. i p. 267, as quoted

iered, N tom. 1. p. 588,
»4 Gilbert White, *Nat. Hist. Sel-
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be fed ; but they would not touch swill, which was devoured
Dy the other pigs. An animal when once acoustomed to an
unnatural diet, which can generally be effected only during
youth, dislikes its proper food, as Spallanzani found to be
the case 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 stated, soon learned to
eat meat, whilst another would have perished from hunger
rather than have partaken of it The caterpillars of the
Bombya hesperus feed in a state of nature on the leaves of the
Café diable, but, after having been reared on the Ailanthus,
they would not touch the Café diable, and actually died of
hunger.*®
1t has been found possible to accustom marine fish to live
in fresh water; but as such changes in fish and other marine
animals have been chiefly observed in a state of nature, they
do not 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 with respect to 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 manner of flight of certain breeds of the pigeon,
have been modified and are inherited. Cattle, horses, and
pigs have learnt to browse under water in the St. John's River,
East Florida, where the Vallisneria has been largely natural-
ised. The cows were observed by Prof. Wyman to keep their
heads immersed for * a period varying from fifteen to thirty-
five seconds.”™ The voice differs much in certain kinds of
fowls and pigeons. Some varicties are clamorous and others
silent, as the Call and common duck, or the Spitz and pointer
dog. Every one knows how the breeds of the dog differ from
 This and several other cases are 563,
given by Colin, ¢ Physiologie Comp.  Quatrefages, ¢ mté de VEspéce
des Animaux Dom.,’ 1854, tom. i. p. uumm,' lsol,
“ Th 7menun Nataralist, Ap.

ichely de Cayenne, in Bull. 1874, p.
mat.,” tom. viii., 1861, p.
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one another in their manner of hunting, and in their ardour
after different kinds of gamo or vermin,

With plants the period of vegetation is easily changed and
is inherited, as in the case of summer and winter wheat,
barley, and vetches; but to this subject we shall immediately
return under acclimatisation. Annual plants sometimes
become perennial under a new climate, as I hear from Dr.
Hooker is the case 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 heartscase. Von Berg 4
raised from sced of Verbascum phaniceum, which is usually a
biennial, both annual and perennial varietics. Some de-
ciduous bushes become evergreen in hot countriess! Rice
requires much water, but there is one variety in India which
can be grown without irrigation? Certain varieties of the
oat and of our other cereals are best fitted for certain soils. s
Endless similar facts could be given in the animal and vege-
table kingdoms.  I'hey are noticed here because they illustrate
analogous differences in closely allied natural species, and
because such changed habits of life, whether due to habit, or
10 the direct action of external conditions, or to so-called spon-
tancous variability, would be apt to lead to 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 differ, how have they
Docome thus adapted? We have seen that European dogs do
not succeed well in India, and it is asserted,* that no one has
there succeeded in keeping the Newfoundland long alive ; but
then it may be argued, and probably with truth, that these

. ‘Fluxu, 1835, B. i 4 ¢Gardener’s Chronicle,! 1850,
a Lnlnlulln, ~G«.gnyh PP. 204, 219,
“ Rev.

10 B “Journal As.
" Royl e of the  Soc.of Bengal, vol. il p. 19,
Botany b Himalaya,’ p. 1
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northern breeds are specifically distinet from the native dogs
which flourish in Tndia. The same remark may be made with
Tespect to different broeds of sheep, of which, according to
Youatt,*s not one brought *from a torrid climate lasts out
“the second year,” in the Zoological Gardens, But sheep
are capable of some degree of acclimatisation, for Merino sheep
bred at the Cape of Good Hope have been found far better
adapted for India than those imported from England.% Tt is
almost certain that all the breeds of the fowl are descended
from one species; but the Spanish breed, which there is good
reason to believe originated near the Mediterrancan,#* thongh
50 fine and vigorous in England, suffers more from frost than
any other breed. The Arrindy silk moth introduced from
Bengal, and the Ailanthus moth from the temperate province
of Shan Tung, in China, belong to the same species, as we
may infer from their identity in the caterpillar, cocoon, and
mature 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 are animals. The'

latter when domesticated withstand such great diversities of climate,
we find nearly the same species in tropieal aud temperate

countries; whilst the cultivated plants are widely dissimilar, Hence
a larger field js open for inquiry in regard to the Sl oo
plants than of animals. It is no exaggeration to say that with almost
every plant_ which has long been cultivated, varieties exist which
are endowed with constitutions fitted for very different climates; T
will select only a few of the more striking'cases, as it would be
tedious to give all. In North America numerous fruit-trees llu\a
Dbeen raised, and in horticultural publications,—for instance, in that
by Dowmng,—lms are given of the varieties which are best able to
withstand the severe climate of the northern States and Canad:
Many American varieties of the pear, plum, and peach are excel]em
in their own country, but until recently, hardly one was known that
succeeded in Englmd and with apples; not one suceeeds. Though
the American varieties can withstand a severer winter than ours, the

4 Youatt on Sheep, 1838, p. 491.  municated to Bot. Soc. of Canada,
¢ Royle, Prod. Resourees o India, quoted in the * Reader’ 1863, Nov:

P

o+ Tegelmem', “Poultry Book)  * See Jemarks by Editar in  Gax.
1866, 1. 102, Chronicle,’ 1848, p.
¢ Dr. K. Paterson, in a paper com-
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summer here is not hot enough. Fruit-trees have also originated
Europe with different constitutions, but they are not much
B e rummerymen hers 40 nok supply wids arces. The
Forello paur fowers early, und whentho fowers have Just sl and
this is the critical period, they have been observed, both in France
and England, to LRy complete impunify 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 flower of
esisting cold and afterwards producing fruit does ot invariably
depend, as we know on good authority, on general constitutional
vigour, In procceding northward, the number of varieties which
are found capable of resisting the climate rapidly decreases, as may
e soen in the list of the wurietes of tho cherry, apple, and. e,
which can be eultivated in the nmghlmurhood of Stockholm.® Near
Moseow, Prince Troubetzkoy planted for expcnmult in_the open
Bromnd several variotics of tha, pear, but ono slone, the Poire sans
B v i tho cold of winter® Wo thus seo that our fruit-
trees, like distinct species of the same genus, certainly differ from
B lirin their constitutional adaplation fo difrent climatee:
With tho varicties of many plauts, the adaptation to climate is
often very close. Thus it has beeh proved by repeated trials “that
“fow if any of tho Tugllsh Atk uliat e adapted for culti-
“ vation in Scotland;”* but the failure in this case is at first only
in the quaniity, though ultimataly in the quality, of the grain
produced;  Tho Rov. . J. Berkeley sowed wheat-seed from India,
g0t “ the most meagre cars,” on land which would .certainly
B3 Yiolded s oo crop from English wheat® - In these cases
atitios havo been, carvid from a warmor fo 4 coolr climato; in
ed directly from France

8 m!o the Wi cst Inrlnm Islands, it p uccd either wholly barren

s spikes o furnishd with oy bwo or three miscrable scel, wiile
cet, Tndian seod by its sile yielded an snorous harvest.”
L e adapfation to a slightly cooler climato;
8 kind of wheat which in England may be used A Tiflsently cithos
as a winter or summer variety, when sown under the warmer
elimats of Grignan, in France, bohaved exactly as if 16 had been &
true winter wheat."

Botanists belicve that all the varioties of maize belong to the
same species; and we have seen that in North Ameriea, in proceed-
ing northward, tho varicties cltivated in each zone produce their

ronicley 1800, p, 038. p. 7 3
tor and_quotation * Gard. Ghronicly 1631, p. 96,
from Decnisne. 5 Thid., 1862,
83, do Joughe, of Brussels, 1 % On the authority of

Lal
p. 612. quoted in ‘Gard. Chron.,’ 1862, ,.
ge Bot. Cotes

u:.m Chronicle,” 1
# Ch. Martius, ‘ Vo
Sept. de la Norvege,
¢ Journal de PAcad. Hort. de
Gand, quoted in * Gard. Chron.,’ 1859, .

235.
+ MM.Eidyards and Colin,  Annal.
dos Sc. Nat.,” 2d series, Bot., tom. v.
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flowers and ripen their seed within shorter nnd shorter periods. So
that the tall, slowly maturing southern ies do not succeed in
New England, and the New Englmh wiation o 10) ‘uonsed T
Canada. T have not met with any statement that the southern
varicties are actually injured or killed by a degree of cold which the
northern varieties can’ withstand with impunity, nmugh this m
probable; but the production of early flowering and earl i
varieties deserves to be considered as one form of Mchmunmuon
Hence it has been found possible, according to Kalm, to cultivate
maize further and further northwards in America. In Europe, )y
as we learn from the evidence given by Alph. de Csndulls, the
eulture of maize has extended since the end of the last cent
thirty leagues north of its former boundary.* On the anthonty of
Linnweus,® | may quoto an analogous case, Damely, thstin Swel
tobacco raised from home-grown seed ripens iis seed a month
sooner and is less liable to miscarry than plnnts raieed from foreign

With the Vine, differently from the maize, the line of practical
culture has retreated a little southward since the middle ages;* but
this seems due to commerce being now easier, so that it is better to
import wine from the south than to make it in northern distriets.
Nevertheless the fact of the vine not having spread northward shows
that acelimatisation has made no progress during several centuries.
There is, however, a marked difierence in the constitution of the
several varieties,—some being hardy, whilst others, like the museat
of Alexandria, require a very high temperature to come to perfection,
According to Labat," vines taken from France to the West Indies
succeed with extreme difficulty, whilst ﬁmse imported from Madeira
or tho Canary Islands thrive admirabl;

f ﬂm isation of the Orange

Imy During many centuries the sweet orange was propagated
axclus\vely by grafts, and so often suffered from frosts, that it re-
ired protection, Aftertho severo o frostof 1700, and more especially
after that o f 1763, so many trees were destroyed, that seedlings from
the sweet orange were raised, and, to the surpnae of the mhnhmma,
their fruit was found to be sweet. The trees thus raised were hrger,

more productive, and hardier than the old hndn and seedlings
now continually raised. Hence Gallesio conelude that much more
was effooted for tho maturalisation of the orange in Italy by the
accidental o lm-mm of new kinds during a period of about sixty
ad

years, than been effected 2y ﬁng old varieties during many
ages® I may add that Risso ibes some Portuguese varieties
* ¢Géograph, Bot,,’ p. 337. 339,

“ Swedish Aot Lag. translat,, 4 ¢Gard, Chroicle,’ 1862, p. 235.
173940, vol. i, Kalm, in his *Travels; Gallesio, *Teoria della ® Ripro-
vul P mu, gives an analogous  duzione Veg.' 1816, » 125; and

h cotton-plants aised io New Traid du Citrus, 1811, 7. 339,
.rmey from Lllclm‘ se - i sur 'Hist. des Orangers,’
* Do Candolle, ¢ Géograph. Bot., 1513, P 20, &e,
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of the orange as oxtremely sensitive to cold, and as much tenderer
cerain other varitie.
; wn to Theophrastus, 322 5.0% Aecording to
the authorities auoted by Dr. . Rolle;'t was tender when first
introduced into. Greeee, and oven in the iland o Rhodes only
oceasionally bore fruit. ~1f this be correct, the peach, in spreading
during the lust two thonsand years over the oadiie pms of Europe,
must have become much hardier. At the present day different
Saritios diffor much in ardiness some Fronch varietios will not
suceeed in England; and near Paris, the Pavie de Bonneail does not
gipen ita fruit il very late in the eason, even when grown an &
; it is, therefore, only fit for a very hot southern climate.” %
B o e ek Twcily oF Magaeies
grandifiora, raised by M. Roy, withstands a temperature several
lower than that which any other variety can resist. With
camellias thore is much difference in hardiness. One particular
Yarioty of the Noisetto rose withstood the severo frost of 1860  un-
“ touched and b idst a universal Noisottes.”
In New York the * Irish yew is quite hardy, but the common yew
“is liable to be cut down.” I may add that there are varieties of
the sweet potato (Convolvulus batatas) which ave suited for warmer,
as well as for colder, climates.

The plants as yet mentioned have been found capuble of
Tesisting an unusual degree 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, numerons individuals remained on which the
« frost had absolutely made mo 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

B 2o Canaly, ‘Oagraph.  For cumellien and s, e £ Clnd.

Chron.,’ 1860, p. 383. For the yew,
*Jouraal of Hart,) Maroh ord, 1688,
pl et potatoes, see Col
von z,.uu.m, in +Gand. Chron, 1655,

22,
lin, sce Loudow’s % The Editor, ¢ Gard, Chron.,’ 1861,
¢Gard. Mag,’ vol. xiii,, 1837, p. 2L p. 280,
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beans (Phaseolus vulgaris) in a bed were killed except about
ome 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 searlet-runners (P. 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 oceurred four days afterwards, and of the dozen plants
which had previously escaped only three survived; these
were not taller or more vigorous than the other yonng plants,
but they escaped completely, with not even the tips of their
leaves browned. It was impos-ible to behold these three
plants, with their blackened, withered, and dead brethren all
around, and not see at a glance that they differed widely in
constitutional power of resisting frost.

This work is not the proper place to show that wild plants
of the same species, naturally growing at different altitudes
or under different latitudes, become to a certain extent accli-
matised, as is proved by the different behaviour of their sced-
lings when raised in another country. In my ‘Origin of
Species’ I have alluded to some cases, and I couldadd many
«others. One instance must suffice: Mr. Grigor, of Forres,™
states that seedlings of the Scotch fir (Pinus sylvestris), raised
from seed from the Continent and from the forests of Scotland,
differ much. “The difference is perceptible in one-year-old,
“ and more o 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 unsaleable,
“ while the plants from the native Scotch pine, under the
“ same treatment, and standing alongside, although consider-
“ ably shorter, are 1ather stouter and quite green, so that the

o, Lowdou's {Gard. Mg, vol. xi, _ plants
1836, p. 378. ngland
¢ Gardener’s Chron.,' 1865, 1. 699, northern
Mow gives (‘Gard. Chron’ great diffirenco not only. in - theie
895) a number of striking  hardiness d_nrlng the winter, but in

5 he brought home from south- the behaviour of some of them
ern Spain and northern Africa several during the summer.
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“beds of the one can be known from the other when seen
“from the distance of amile.” Closely similar facts have been
observed with seedling larches.

Hardy varieties would alone be valued or noticed in Europe
whilst tender varieties, requiring more warmth, would geneml]y lxs
neglected ; but such occasionally arise. Thus T.oudon ™ deseribes a
Cornish variety of the elm which is almost an evergreen, and of
which the shoots are often killed by the autumnal frosts, so that its
timber is of little value. Horticulturists know that some varieties
are much more tender than others: thus all the varieties of the
‘broceoli are more tender than cabbages ; but there is much difference
in this respect in the sub-varieties of the broccoli; the pink and

urple kmgs are a little hardier than the white Cape broccoli, “ but
“they are uot to be depended on after the thermometer falls below

Fahr.;” the Wi nlchclen broccoli is less tender than the Cape,
lud there are several varieties which will stand much severer cold
ﬁum the Walcheren.™ Cauliflowers seed more freely in India than
cabbages™ 'To give one instance with flowers : eleven plants raised
from a hollyhock, called the Queen of the Whites, ™ were io\md to be
much more tender than various other seedhngx It may be pre-
sumed that all tender varieties would succeed better under a climate
warmer than ours. With fruit-trees, it is well known that certain
varieties, for instance of the peach, stand forcing in & hot-house
better than others; and this shows either pliability of organisation
or some constitutional dJEerenoe The same individual cherry-tree,
when forced, has béen observed during successive years gradually to
change its pu'lod of vegmmm" Few pelargoniums can resist the
heat of a stove, but Alba Mudtijlora will, as & most skilful gardener
asserts, “stand pine-apple top and bottom heat the whole winter,
“without looking any more drawn than if it had stood in a common
‘gmenhou s0; and Alanche Fleur seems as if it had been made on
“ purpose for growing in winter, like many bulbs, and fo rest all
“ summer.” "‘ There can hardly be a doubt that the Alba Multifiora
pelargonium must have a widely different constitution from that of
most other varieties of this plant; it would probably withstand even
an equatorial climate.

Ve have seen that uccuxﬂmv to Labat the vine nnd ‘wheat require
acclimatisation in order to stcceed in the West Indies. Similar
facts have been observed at Madras : “two pamels of mignonette-

# ¢ Arboretum ot Fraticetum,’vol. ™ *Gardener's Chronicle” 1841, .

i, p. 1376, .
% Mr. Robson, in gl of ™ Mr. Beaton, in ‘Cottage Gar-

Hnrl.lcnltun‘,‘ 1861, dener,” March 20th, 1860, p. 377.
Bonavia, ‘Re]\nrt of the Q\ucn Mab will also stand stove heat,
Agi. Hor. Sog of Oudh 154 Gardener’s Chronicle, 1843, p.
{4 ¥ Cotiags Gardner,’ 1860, “April
24th, p.
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“seed, one direct from Europe, the other saved at Bangalore (of
« which the mean temperature is much below that of Madras), were
“sown at the same time: they both vegetated equally favourably,
“but the former all died off a few days after they appeared above
“ground; the latter still survive, and are vigorous, healthy plants.”
8o again, turnip and carrot seed saved at Hyderabad are found to
“answer better at Madras than seed from Europe or from the Cape
«of Good Hopa" ™ Mr. J. Soott of the Caloutta, Botanio Gardens,
informs me that seedsof the sweet-pea ( Lathyrus odumlu.s) unpomd
from England produce plants, with thick, rigid stems and_smal
leaves, which rarely blossom and never yield seed ; plants raised from
French seed blossom sparingly, but nll the flowers are sterile; on
the other hand, plants raised from sweet-peas grown near Darjecling
1n Uppes India, but originally deriyed. foam. igland, can be suc-
cemfully cultivated on the plaias of Indiay, for they fower nd seed
usely, and their stems are lax and seandent. In some of the
Seegoing saees, as Dr. Hooker has remarked 1o me, the greater
sicsoss may peshaps bo attributed £ the. seods having bewt more
rnlly npeue(l under a more favourablo climate; but this view can
hardly be extended to so many cases, including plants, which, from
being e e hotter than their native one,
become fitted for a still hotter climate. We may therefore safely
conclude that plants can to a certain extent become accustom
& olimata sither hotler ar colder shan their own; although the latter
cases have been more frequently observed.

We will now consider the means by which acclimatisation
may be effected, namely, through the appearance of varieties
having a different constitution, and through the effects of
habit. In regard to new varieties, there is no evidence that
a change in the constitution of the offspring necessarily stands
in any direct relation with the nature of the climate inhabited
Dby 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 spontaneously arising become
fitted to slightly different climates in two different ways ;
firstly, they may have the power, cither as seedlings or when
full-grown, of resisting intense cold, as with the Moscow
pear, or of resisting intense heat, as with some kinds of
Pelargonium, or the flowers may withstand severe frost, as
with the Forelle pear. Secondly, plants may become adapted
to climates widely different from their own, from flowering
and fruiting either earlier or later in the season. In both

7 ¢Gardener’s Chronicle,” 1841, p. 439,
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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 vari may be

effected by merely raising tender plants from seed, and by
oceasionally attempting their cultivation further and further
northwards, as in the case of maize, the orange and the

ch.
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 come into play and
complicated the result. It is notorious that mountain sheep
resist severe weather and storms of snow which would destroy
lowland breeds; but then mountain sheep have becn thus
exposed from time i ial, and all delicate i
will have been destroyed, and the hardiest preserved. So
with the Arrindy silk-moths of China and India; who can
tell how far natural selection may have taken a share in the
formation of the two races, 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. throngh
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 constitution, it is possible that
mere habit may have done nothing towards their acclima-
tisation. On the other hand, when we hear that Merino
sheep, bred during no great number of gemerations at the
Cape of Good Hope—that some European plants raised
during only a few generations in the cooler parts of India,
withstand the hotter parts of that country much better than
the sheep or sceds imported directly 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

™ Quoted by Asa Gray, in *Am. Journ. of Sci’ 2nd series, Jan, 1865,
P 106.
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in Northern Europe, are comparatively more precocious, and
need much less heat for maturing their fruit, than the
varieties of the samo 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 apparently occurs with the varieties of
maize, which, when carried from the Southern States of
America, or into Germany, soon became aceustomed 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 quce. we have some degree of acclimatisation
in the individual, i of the prod of new
varieties by seed.

The common experience of agriculturists is of some value,
and they often advise persons to be cautious in trying the
productions of one country in another. The ancient agri-
cultural writers of China recommend the preservation and
cultivation of the varieties peculiar to each country. During
the classical period, Columella wrote, “ Vernaculum pecus
« peregrino longe prustantius est.” ™

T am aware that the attempt to acclimatise either animals
or plants has been called a vain chimera. No doubt the
attempt in most cases deserves to be thus called, if made in-
dependently of the production of new varieties endowed with
a different constitution. With plants propagated by buds,
habit rarely produces any effect; it apparently acts only
through _successive seminal generations. The laurel, bay,
laurestinus, &c., and the Jerusalem artichoke, which are pro-
pagated by cuttings or tubers, are probably now as tender in
England as when first introduced ; and this appears to be the
case with the potato, which until recently was seldom mul-
tiplied by sced. With plants propagated by seed, and with
animals, there will be httle or o wchmnhmhon unless the
hardier individual
preserved. The hdney bsan Hikt gt ean rudnsoed oy a2

™ For China, see ‘Mémoire sur ¢Journal de Physique, tom. xxiv.,
les Chinoid,’ tom. xi., 1786, p. 60. 1784,
Columella is quoted by Cerlier, in
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instance of a plant which has not become hardier since its
first introduction into Britain. We hear, however, on excel-
lent authority,* that some very fine seed, imported from abroad,
produced plants  which blossomed most profusely, but were
* nearly all but abortive, whilst plants grown alongside from
« English seed podded abundantly;” and this apparently
shows some degreo of acclimatisation in our English plants.
‘We have also seen that seedlings of the kidney-bean occasion-
ally appear with a marked power of resisting frost: but no
one, as far as I can hear, has ever separated such hardy
seedlings, so as to prevent accidental crossing, and then
gathered their seed, 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 be borne in mind that the result of increased
hardiness would simply be that gardeners, who are always
anxious for as early a 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
wvaries with the season ; and as new varieties have often been
imported from abroad, can we fecl suro that our kidney-beans
are not somewhat hardier ? 1 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 ap-
pearance of constitutionally different individuals is a far more
effective agent. As no single instance has been recorded
either with animals or plants of hardier individuals having
been long and steadily selected, though such selection is
admitted to be indispensablo for the improvement of any other
character, it is not surprising that man has done little in the
d cultivated plants.
‘We need not, hawever, doubt that under nature new races
and new species would become adapted to widely different
climates, by variation, aided by habit, and regulated by
natural selection.

 Messes. Hardy and Son, in ¢ Gard. Chronicle,” 1856, p. 589.
VOL. 1L =
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Arrests of Development : Rudimentary and Aborted Organs.

Modifications of structure from arrosted development, so great
or so serious as to deserve to bo called monstrosities, are not, in-
frequent with domesticated animals, but, as they differ much from
any normal structure, they require only a passing notice, Thus
the whole head may be represented by a soft nipple-like projec-
tion, and the limbs by mere papill. Thoso rudimonts of imbs o
sometimes inherited, as has been observed in a

Many lesser anomalies nppe:zr e me b i development.
What the cause of the arrest may be, we seldom know, except in
the case of direct-injury to the embryo. That the canse does not
generally act at an extremely early embryonic period we may infer
from the affected organ seldom being wholly aborted,—a rudiment
being generally preserved. The external cars are represented by
mere vestiges in a Chinese breed of sheep; and in another breed,
the tail is reduced “to a little button, suffocated in a manner, by
fat.” In tailless dogs and cats a stump is left. In certain breeds of
fowlstho comb and watlos aro roduced io Fudinenis 1 tho Coshin:
China breed scarcely more than rudiments of spurs exist. With
polled Suffolk cattle, ‘rodiments of horns can ofien be falt at an

y age:” * and with species in a state of nature, the relatively
great development of rudimentary organs at an early period of
life is highly_characteristic of such organs. With hornless 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 aro often shed and grow again,  With horsless
goats, according to Desmarest,** the bony protuberance which
Broporly supporis the horn exists as & mere rudimont.

With' cultivated plants it is far from rare to find the petals,
stamens, and pistils represented by rudiments, like those observed
in natural species. So it is with the whole seed in many fruits;
thus, near Astrakhan there s a grape with mere traces of sceds, * 5o
“ small and lying so near the stalk that they are not perceived in
¢ eating tho grape.” 9 i cortain varietis of the goued, ho tendLils,

to Naudin, are represented by rudiments or by varions
Sk ey Inithe broccolf and canliffower  the. greatee

number of the flowers are incapable of expansion, and include
rudimentary organs. In the Funt er hymnth (Muscari comosum)
inits natural state the upper entral flowers are bnght]y

coloured but rudimentary ; e itliivation e  tendery. th

* Isid. G«cﬂ‘roy Saint-Hilaire, Hist

o Eaeyclop. Mithod.! 1620,
Nat. des Ano
10,

see p. 500, on the Indian zebu

tom.
zm b “Philosoph,  cast

pp- 21 ng its horns. Similar cases in
Transa European cattle were given in the
2 Pallas, qunmd by Youutt on  third chapte

hhrup, ». Travels, Eng. Translat.,
Yo 3.

on Cattle, 1834, p. 174,
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abortion travels downwards and outwards, and all the flowers
become rudimentary; but the abortive stamens and pistils are not
+80 small in the lower as in the upper flowers. In the Viburnum
opulus, on_ the other hand, the outer flowers naturally have their
s of fructification in a rudimentary state, and the corolla is of
large size; under cultivation, the change spreads to the centre, and
ull the flowers become affected. In the compositee, the so-called
doubling of the flowers consists in the greater development of the
corolla of the central florets, generally accompanied with some degree
of sterility ; and it has been observed * that the progressive doubling
invariably ‘spreads from the circumference to the centre,—that is,
from the ‘Tay florets, which so often include rudimentary organs, to
those of the disc. I may add, as bearing on this subjec, that with
[Asters, scads takon foom the florets of tho circnmicrenos have boon
found to yield the greatest number of double flowers.”” In the
bove cases we have a natural tendency in certain parts to be rudi-
-y, and this under culture spreads either to, or from, the axis
o the plant. Tt deserves notice, as showing how the same laws
govern the changes which natural species and artificial varieties
undergo, that in the species of Carthamus, one of the Compositee, a
tendency to the abortion of the pappus may be traced extendi
the circumference to the centre of the disc as in the so-call
doubling of lha flowers in the members of the same family. Thus,
according to A. de Jussieu,® the abortion is only partial in Cartha-
mus creticus, but more extonded in_C. fanatus ; for in_this species
only two or three of the central seeds are furnished with a pappus,
the surrounding seeds being either quite naked or furnished with a
few hairs; and lastly in C. tinctorius, even the central seeds are
deshmte of pappus, and the abortion i complete.
With animals and plants under domestication, when an organ
15, leaving only a rudiment, the loss has generally been
md(i]on,as with hornless and tailless breeds ; and such cases may be
a5 mhorited monstrositics. Bt in somo few cases the 1068
has beeu gradual, and has been_effected partly by sclection, as
with the rudimentary combs and wattles of certain fowls. We
have also seen that the wings of some domcst]cu(ed lmds vac becn
slightly reduced by disuse, and the greaf, reduc
in_certain silk-moths, with mere rudiments left, lma 1|rolmbly ‘oon
aided by disuse.

With species in a state of nature, rudimentary organs are
extremely common. Such organs are generally variable, as
several naturalists have observed ; for, being useless, they are
not regulated by natural selection, and they are more or less

. liable to reversion. The same rule Dertninly holds good with

Mr. Beaton, in J?unnl oanr» 1862, p. 2

ticulture, May 33, et da Muséum,” tom. vi,
‘Do la hwnmmn, . 319,

x2
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parts which have become rudimentary under domestication.
We do not know throngh what steps under nature rudimentary
organs have passed in being reduced to their present condition ;
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. It may be doubted whether a
change of structure so abrupt as the sudden loss of an organ
wonld 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
disappear in some one individual by an arrest of devel

intercrossing with the other individuals of the same species
would tend to cause its partial reappearance; so that its
final reduction conld only be effected by some other means.
The most probable view is, that a part which is now rudi-
mentary, was formerly, owing to changed habits of life, used
less and less, being at the same time reduced in size by
disuse, until at last it became quite useless and superfluous.
But as most parts or organs are not brought into action
during an early period of life, disuse or decreased action will
not lead to their reduction wiitil the organism arrives at a
somewhat advanced age ; and from the principle of inheritance
at corresponding ages the reduction will be transmitted to
the offspring at the same advanced stage of growth. The
part or organ will thus retain its full size in the embryo,
as we know to be the case with most rudiments. As soon as
a part becomes useless, another principle, that of economy of
growth, will come into play, as it would be an advantage to
an organism exposed to severe competition to save the de-
velopment, of any useless part; and individuals having the
part less developed will have a slight advantage over others.
But, as Mr. Mivart has justly remarked, as soon as a part is
much reduced, the saving from its further reduction will be
utterly insignificant; so that this cannot be effected by
natural selection. This manifestly holds good if the part be
formed of mere cellular tissue, entailing little expenditure of
nutriment. How then can the further reduction of an already
somewhat reduced part be effected? That this has occurred
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repeatedly under Nature is shown by the many gradations
which exist between organs in a perfect state and the merest
vestiges of them. Mr. Romanes * has, I think, thrown much
light on this difficult problem. His view, as far as it can be
given in a few words, is as follows : all parts are somewhat
variable and fluctuate in size round an average point. Now,
when a part has already begun from any cause to decrease, it
is very improbablo that the variations should be as great in
the direction of increase as of diminution; for its previous
reduction shows that ci have not been

for its development; whilst there is nothing to check varia-
tions in the opposite direction. If this be so, the long con-
tinued crossing of many individuals furnished with an organ
-~ which fluctuates in a greater degree towards decreaso than
towards increase, will slowly but steadily lead to its diminu-
tion, With respect to the complete and absolute abortion of
a part, a distinct principle, which will be discussed in the
“chapter on pangenesis, probably comes into action.

With animals and plants reared by man there is no severe
or recurrént struggle for existence, and the principle of
economy will not come into action, so that the reduction of
- an organ il not thus be aided. So far, indeed, is this from

being the case, that in some few instances organs, which are
- mturully rudlmenhn'} in the p-xent species, become partially
b ped in the Thus cows,

like most other ruminants, properly have four active and two
rudimentary mamme; but in our domesticated animals, the
lly become consi d and yield
milk. The ntmpluod mammze, which, in ma]s domesticated
animals, including man, have in some rare cases grown to full
size and secreted wilk, perhaps offer an analogous case. The
hind feet of dogs naturally include rudiments of a fifth toe,
and in certain large breeds these toes, though still rudimentary,

B Tangguted in Nature'(ra. i
£p. 432, 505) that with organisms
sbjetad 4o ‘unfavoursble conditions
rts would tend towards

ndmm, and that under such cir-
cumstanees any part which was not
kept up to its standard size by

natural selection would, owing to
intererossing, slowly but steadily
decrease.

I, three subosqusnt come
(Mn:h 12,
74), Mr.

Romanes gives s lmprv"d view.
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become considerably developed and are furnished with claws.
In the common Hen, the spurs and comb are rudimentary,
but in. certain breeds these become, independently of age o
disease of the ovaria, well developed. The stallion has
canine teeth, but the mare has only traces of the alveoli, which,
asTam informed by the eminent veterinarian Mr. G. T. Brown,
frequently contain minute irregular nodules of bone. These
nodules, however, imes become developed into

teoth, protruding through the gums and coated with enamel ;
and occasionally they grow to a fourth or even a third of the
length of the canines in the stallion. With plants I do not
know whether the redevelopment of rudimentary organs
occurs more frequently under culture than under nature,
Porhaps the pear-tree may be a case in point, for when wild
it bears thorns, which consist of branches in a rudimentary
condition and serve as a _protection, but, when the tree is
cultivated, they are reconverted into branchies,
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CHAPTER XXV,

LAWS OF VARIATION, eonfinted — CORRELATED VARIABILITY,

TERM wrTi
MODIFICATIONS CORRELATED WITH THE INCREASED OR uyzumm pord
OF PARTS—CORRELATED VANIATION OF NIOMOLOGOUS PANTS 3 RED
FEET IN BIRDS ASSUMING THE STRUCTURE OF THE —CORRELATION
REmwie s HEAD A T BTREMITIES-DETWEEN TR SKIX AXD
DERMAL APPENDAGES--BETWEEN TIi NS OF SIGHT AND HEARING—
CORRELATED MODIFICATIONS IN THE ORGANS OF PLANTS—CORRELATED
MONSTROSITIES —CORRELATION BETWEEN THE SKULL AND BARS—SKULL
AND CREST OF FEATHD L AND HORNS—CORRELATION OF GROWTH
COMPLICATED IY. THE: ACCUMULATED EFFECTS OF NATURAL SELECTION—
COLOUR AS CORRELATED WITH CONSTITUTIONAL PECULIARITIES.

ERS.

Anz, parts of the orgamisation are to a certain extent connected
together; but the connection may be so slight that it hardly
exists, as with compqund animals or the buds on the same tree.
Even in the higlier animals various parts are not at all
closely relited ; 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 varies,
certain other parts always, or nearly always, simultaneously
vary; they are then subject to the law of correlated varia-
tion. The whole body is admirably co-ordinated for the pecu-
liar habits of life of each organic being, and may be said, as
the Duke of Argyll insists in his  Reign of Law,’ to be corre-
lated for this purpose. ‘Again, in large groups of animals
certain structures always co-exist: for instance, 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 connection with the law to be
discussed in“the present chapter; for we do not know that
the initial or primary variations of the several parts were in
any way related: slight modifications or individual differ-
ences may have been preserved, firstin one and then in another
part, until the final and perfectly co-adapted structure was
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acquired ; but to this subject T shall presently recur. Again,
in many groups of animals the males alone are furnished with
weapons, or are omamented with gay colours: and these
chiaracters manifestly stand in some sort of correlation with
the male reproductive organs, for when the latter are de-
stroyed these characters disappear. But it was shown in the
twelfth chapter that the very same peculiarity may become
attached at any age to either sex, and afterwards be.exclu-
sively transmitted to the same sex at a corresponding age.
In these cases we have inheritance limited by both sex and
age; but we have no reason for supposing that the original
cause of the variation was necessarily connected with the

. reproductive organs, or with the age of the affected being.

In cases of true correlated variation, we ure sometimes able
to see the nature of the connection ; but in most cases it is
hidden from us, and certainly differs in different eases. We
can seldom say which of two correlated parts first varies,

“and induces a change in the other ; or whether the two are

the effects of some common 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
domesticated animals and plants, varicties rarely or never
differ from one another by a single character alone.

One of the simplest cases of correlation is that a modification
which arises during an early stage of growth tends to influ-
ence the subsequent development of the same part, as well as of
other and intimately connected parts. Isidore Geoffroy Suint-
Hilaire states! that this may constantly be observed with
monstrosities in the animal kingdom; and Moquin-Tandon *
remarks, that, as with plants the axis cannot become mon-
strous without in someway affecting the organs subsequently
produced from it, so axial anomalies are almost always
+ ¢Hist. des Anomalies,” tom. iii.p. on the )(nrphlvlogv of the Cephalons

£ Husley appies thesame  Nlluse, in “Phil. Tapsact, 1853,
principle in accounting for the Te- P 5
markable, though normal, differences 2 ‘Llemenh de Tératologie Vég.,’
in the arrangement of the mervous 1841, p. 1
system in- the Mollusen, in his paper
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accompanied by deviations of structure in the appended parts.
‘We shall presently see that with short-muzzled races of the
dog certain histological 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 larve of
insects would affect the structure of the mature inscets. But
we must be careful not to extend this view too far, for
during the normal course of development, certain species pass
through an extraordinary course of change, whilst other and
closely allied species 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 parti-
cular part, certain organs are increased or diminished in
number, or are othcrwme modified. T'hus pigeon fanciers have
gone on selecting’ pouters for length of body, and we have
seen that their vertebre are generally increased not only in
size but in nuriber, and their ribs in breadth. Tumblers have
been selected for their small bodies, and their ribs and primary
wing-feathers are generally lessened in number. Fantails have
been selected for their large widely-expanded tails, with nu-
merous tail feafhers, and the candal vertebra are increased in
size and number. Carriers have been selected for length of
beak, and their tongues hive 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 seutelle 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 than
in small breeds of cattle. With our highly-improved
breeds of all kinds, the periods of maturity and of Tepro-
duction have advanced with respect to the age of the
animal; and, in correspondence with this, the teeth are
now developed earlier than formerly, so that, to the surprise
of agriculturists, the ancient rules for judging of the age of
an animal by the state of its teeth are no longer trustworthy.®

ot 3. . Simands, o the Ag of the O, Sheep, ke, quoted in ¢ Gard:
Chronicle,’ 1854, p. 5
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Correlated Variation of Homologous Parts.—Parts which aro
homologous tend to vary in the same manner; and this is
what might have been expected, for such parts are identical
in form 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 horn on one side of their
heads. With flowers which have regular corollas, all the petals
generally vary in the same manner, as we see in tho com-
plicated and symmetrical pattern, on the flowers, for instance,
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 Antirrhinum or snapdragon, or
that variety of the kidney-bean (Phaseolus) which has a
white standard-petal,

In the Vertebrata the front and hind Jimbs are homologous,
and they tend to vary in the same manner, as we see in loug
and short legged, or in thick and thin legged 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 extromi-
ties. Meckel has insisted ° that, when the muscles of the arm
depart in mumber or arrangement from their proper type, they
almost always imitate those of the leg; and so conversely the
varying muscles of the leg imitate the normal muscles of the

arm,

In several distinet breeds of the pigeon and fowl, the legs
and the two outer toes are heavily feathered, so that in the
trumpeter pigeon they appear like little wings., In the
feather-legged bantam the “boots” or feathers, which grow from
the ontside of the leg and generally from the two outer toes,
have, according to the excellent authority of Mr. Hewitt,s

* ¢Hist. des Anomalies,” tom. i. p.  tom. i. p. 635,
7 © “The Poultry Book' by W. B,
0.

#'Quoted by Isid. Geoffray, ibid, Tegetmeier, 1865, p. 25
¥ ¥
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Teen seen to exceed the wing-feathers in length, and in one
case were actually nine and a half inches long! As Mr.
Blyth has remarked to me, these leg-feathers resemble the
primary wing-feathers, and are totally unlike the fine down
which naturally grows on the legs of some birds, such as
grouse and owls. Hence it may be suspected that excess of
food has first given redundancy to the plumage, and then
that the law of homologous variation has led to the develop-
ment of feathers on the legs, in a position corresponding with
those on the wing, namely, on the outside of the tarsi and
toes. I am strengthened in this belief 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 of any other bird, the first and fifth digits are aborted ; the
second is rudimentary and carries the so-called *bastard-
wing ;” whilst the third and fonrth digits are completely united
and enclosed by skin, together forming the extremity of the
wing. So that in feather-footed pigeons, not only does the
exterior surface support a 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
arts we can und d the curions
of feathered legs and membrane between the two outer toes.
Andrew Knight ® has remarked that the face or head and
the limbs usually vary together in general proportions.
Compare, for instance, the limbs of a dray and race horse, or
of o greyhound and mastif. 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

7 Naturalists diffor with rospect  Lyceum of Nat. Hist. of New York,
4o the homologies of the digits of vol. ., 1872, p. 16.
birds; but several uphold the view % A/ Walker on Intermarriage,
above advanced. See on this subject 1838, p. 160,
Dr. E. 8. Morse in ‘Aunals of the
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chapter, we see that in several breods of the pigeon the length
of the beak and the size of the feet are correlated. The view
which, as before explained, seems the most probable is, that
disuse in all cases tends to diminish the feet, the beak
becoming at the same time shorter through correlation ; but
that in some few breeds in which length of beak has been a
selected point, the feet, notwithstanding disuse, have increased
in size through correlation. In the following case some kind
of correlation is seen to exist between the feet and beak :
several specimens have been sent to Mr. Bartlett at different
times, as hybrids between ducks and fowls, and I have seen
one; these were, as might be expected, ordinary ducks in a
semi-monstrous condition, and in all of them the swimming-
web between the toes was quite deficient or much reduced,
and in all the beak was narrow and ill-shaped.

With the increased length of the beak in pigeons, not only
the tongue increases in length, but likewise the orifice of the
nostrils.  But the increased length of the orifice of the
nostrils perhaps stands in closer correlation with the develop-
ment 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 between
thehead and the extremities. 'Ihus with horses a large white
star or blaze on the forehead is generally accompanied by white
feet.” With white rabbits and cattle, dark marks often
co-exist on the tips of the ears and on the feet. In black
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 I
shall hereafter return,—but this does not necessarily defermine
the question of their original correlation.. Mr. H. W. Jackson
informs me that he has observed many hundred white-footed
cats, and he finds that all are more or less conspicuously
marked with white on the front of the neck or ‘chest.

* The Farrier and Naturalist) me that abont three-fourths of white-
vol.i,, 1828, p. 436. A gentleman faced horses have white legs.
who has_atfended to this point, tells
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The lopping forwards and downwards of the imménse ears
of fancy rabbits seems partly due to the disuse of the muscles,
and partly to the weight and length of the ears, which have
been increased by selection dnring many generations. 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 only one ear lopping forward—for
the opposite sides of their skulls were not strictly symmetrical.
This seems to me a curious instance of correlation, between
hard bones and organs so soft and flexible, as well as so
unimportant under a 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
Jambs should mot be purely white. The colour of the skin
and hair, and the odour emitted by the glands of the skin,
are said 1 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
Toth 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, and through correlation
these feathers in the male always assume the form of hackles.
The wing and tail-feathers, though arising from parts not
homologous, vary in length together; so that long or short
winged pigeons generally have long or short tails. ~Tho case
of the Jacobin-pigeon is more curious, for the wing and tail
feathers are bly long; and this ly has arisen

10 Godron, ¢ Sur PEspece,’ tom. ii. p. 217.
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in correlation with the elongated and reversed feathers on the
back of the neck, which form the hood.

The hoofs and hair are homologons 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 thaton the head ofanegro. This peculiarity
is strongly inherited. But what is remarkable is that the
hoofss of these horses “are absolutely like those of a mule.”
The hair also of their manes and tails is invariably much
shorter than usual, being only from four 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 '3 expressly declares that in different
races the more the wool is curled the more the horns are
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 flecce, had peculiarly
shaped horns. The inhabitants of Angora assert 1¢ 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 horned having a comparatively close coat.” From
these cases we may infer that the hair or wool and the horns
tend to vary in a correlated manner.'® Those who have tried
hydropathy are aware that the frequent application of cold
water stimulates the skin ; and whatever stimulates the skin

" ‘Quadrupides du  Paraguay  apt to vary together” Dr. Wilckens
333,

tom. ii. p. (“Darwin’s ~ Theorie,” ¢ Jahrbuch
1 On Sheep, p. 142. der Deutschen Viehaucht,’ 1866, 1,
13 ¢ Ueber Kacen, Kreuzungen, &, Heft) translates my words into * lang.
1825, 5. 24, uadgrobhaarige Thiere sollen ge-

M Quoted from Conolly, in “The neigter sein, lange und viele Horner
Indian Field," Feb. 1859, vol. il p.  zu bekommen,” and he then justly

266, disputes this proposition ; but what T

* In the third chapter [ have said  have really said, in accordance with
that * the hair and horns are soclose-  the authorities just quoted, may, 1
Iy related to cach other, that they are  thiak, be trusted,

© The Complete Work of Charles Darwin Online




Cuar, XXV, CORRELATED VARIABILITY. 319

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
races of British cattle thick skin and long hair depend on
the humidity 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 17 found many
of the teeth deficient in three hairless « Egyptian dogs,” and
in a hairless terrier. The incisors, canines, and the premolars
suffered most, but in one case all the teeth, except the large
tubercular molar on each side, were deficient. With man
several striking cases have been recorded ** of inherited bald-
ness with inherited deficiency, either complete or partial, of
the teeth. ' T may give an analogous case, communicated to me
by Mr. W. Wedderburn, ofa Hindoo family in Scinde, in which
fen men, in the course of four generations, were furnished, in
both jaws taken together, with only four small and weak
incisor teeth and with eight posterior molars. The men thus
affected have very little hair on the body, and become bald
early in life. They also suffer much during hot weather from
excessive dryness of the skin. It is remarkable that no
instance has occurred of a daughter being thus affected ; and
this fact reminds us how much more liable men are in England
to become bald than women. Though the daughters in the
above family are never affected, they transmit the tendency
to their sons ; and no case has ocourred of a son transmitting
it to his sons. The affection thus appears only in alternate
generations, or after longer intervals. There is a similar con-
nection between hair and teeth, according to Mr. Sedgwick,

18 ¢ Domestic m\ ;\
ish Islands,”
Wilckens . ‘ L\ml\\u‘Lh \\n.
chenblatt,’ ), 1869) to the same
effect with rmpul. to domestic animals
m Germany.

of he' - < Proeblings Zoolog. Soc.,' 1833,

wick, ¢ Brit. and Foreign
urg. Review,” April, 1863,
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in those rare casts in which the hair has been renewed in old
age, for this has “usually been accompanied by a renewal of
the teeth.” I haveremarked 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
Dristles, 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, probably depends on the
reappearance of the bristles. I may add, though not strictly
connected with our present point, that an agriculturist 1*
asserts that “ pigs with little 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 teeth deficient in
number 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 Burmese Court a man, thirty years old, with his whole
Dbody, 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
0ld; and at this period he acquired five teethin the upper jaw,
namely, fonr incisors and one canine, and four incisor teeth in
the 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 body. When Captain Yule?®
visited the Court, he 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
ribed a man to marry her, and of her two children, one, a
Doy fourteen months old, had hair growing out of his ears,

with a beard and he.  This strange iarity has,
therefore, been inherited for three generations, with the
1 ¢ Gard, Chronicle,’ 1849, p. 205, # ¢ Narrative of

Mission to the
2 «Embassy to the Court of Ava;  Court of Ava in 1855, p. 94.
vol. i, p. 320.
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molar teeth deficient in the grandfather and mother; whether
these teeth would likewise fail in the infant could not then
be told.

A parallel case of a man fifty-five years old, and of his son,
with their faces covered with hair, has recently occurred in
Russia. Dr. Alex. Brandt has sent me an account of this
case, together with specimens of the extremely fine hair
from the cheeks. The man is deficient in teeth, possessing
only four incisors in the lower and two in the upper jaw,
His son, about threo years old, has no teeth except four
lower incisors. The case, as Dr. Brandt remarks in his letter,
no doubt is due to an arrest of development in the hair and
teeth. We here see how independent of the ordinary con-
ditions of existence such arrests must be, for the lives of &
Russian peasant and of a native of Burmah are as different
as possible2?

Here is another and somewhat different 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 maseuline beard and u
hairy forchead ; 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 teeth her
mouth projected, and her face had a_gorilla-like appearance
These cases and those of the hairless dogs forcibly call to
mind the fact, that the two orders of mammals—namely, the
Edentata and Cetacea—which are the most abnormal in their
dermal covering, are likewise the most abnormal either by
deficiency or redundancy of toeth.

The organs of sight and hearing are generally admitted to
be homologous with one another and with various dermal
appendages; hence these parts are liable to be abnormally
affected in conjunction. Mr. White Cowper says * that in ail
* cases of double microphthalmia brought under his notice he

=1 owe to the kindness of M. both of whom have since been ex-
Chauman, of St. Petersburg, excellent  hibited in Paris and London.
photographs of this man and his son,

VOL. 1L b
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“has at the same time met with defective development of
“ the dental system.” 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 Dlind; of theso children, five *with dark hair
“and brown iris were afflicted with amaurosis; the four
« others, with light-coloured hair and blue iris, had amaurosis
“and cataract conjoined.” Several cases could be given,
showing that some relation exists between various affections
of the eyes and ears; thus Licbreich 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. Barle havo remarked that inability to distinguish
different colours, or- colour-blinduess,  is often

“with a corresponding inability to distinguish musical
« sounds.” *

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 anthentic ex-
ceptions. The first two notices were published in 1829, and
relate to English and Persian cats : of the latter, the Rev. W.
T, Bree possessed a female, and he states, * that of the offspring
+ produced at one and the same birth, such as, like the mother,
“ were entively white (with blue eyes) were, like her, invari-
“ ably deaf; whils those thathad the least speck of colour on
“their fur, as invariably possessed the usual faculty of
“ hearing.”® The Rev. W. Darwin Fox informs me that he
has scen more than a dozen instances of this correlation in
English, Persian, and Danish cats ; but he adds * that, if one

2 Theso statements are _take
from M. Sedguick, T the * Medico
Ghirorg, Rotiows July; 1063, B
198 Apel 1868 pp. 455 aad 4o,

in_cats. Mr. Lawson Tait states
(¢ Nature,’ 1873, p. 529) that only
male cats are thus affected ; but this

Licbreich 1s quoted by Professor
Devay, in his ‘Mnlgu Consan-

guins’ !!62, P.
4 Loudon’s ‘Nng of Nat. Hist.,”

ms pp. 66, 178.
" Lucas, * L'Héréd. Nat,, tom. i.
28, on the inheritance of deafness

blue eges, which was completely deaf’;
he has also observed other females in
the same condition.
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« oye, as T have soveral times observed, be not blue, the cat
“hears. On the other hand, I have never seen a white cat
“ with eyes of the common colour that was deaf.” In France
Dr. Sichel % has observed during twenty years similar facts ;
he adds the remarkable 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 be-
tween blue eyes and white fur; and we have already seen
that the organs of sight and hearing are often simultancously
affected. In the present instance the cause probably lies in
a slight arrest of development in the nervous system in con-
nection 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 noiso 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 suppose
the development of the organs of sight and hearing to be
arrested at the stage of the closed eyelids, the eyes would
remain permanently blue and the ears would be incapable of
perceiving sound ; and wg 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 furare obviously connected, we must believe that some
primary cause acts at a much earlier 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 are all homologous. In doublo 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
(Aquilegia vulgaris), the successive whorls of stamens are con-

% ¢ Annales des Sc. Nat.” Zoolog., 3rd series, 1847, tom. viii. p. 239,
Y2

© The Complete Work of Charles Darwin Online



324 LAWS OF VARIATION. Car. XXV.

verted into cornucopias, whichare enclosed within one another
and resemblo the true petals. In hose-in-hoso flowers the
sepals mock the petals. In some 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:

M. Faivre states that with the varieties of Primula sinensis
the colour of the flower is evidently correlated with the colour
of the under side of the leaves; and he adds that the varicties
with fimbriated flowers almost always have voluminous,
balloon-like calyces.?  With other plants the leaves and fruit
or seeds vary together in colour, as in a cnrious pale-leaved
variety of the sycamore, which has recently been described in
France,?" and as in the purple-leaved hazel, in which the leaves,
the husk of the nut, and the pelliclo round the kernel are all
coloured purple.* Pomologists can predict to a certain extent,
from the sizo and appearance of the leaves of their seedlings,
the probablo nature of the fruit; for, as Van Mons remarks,®
variations in the leaves are generally accompanied by some
modification in the flower, and conseqtiently 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 elon-
gated in a remarkable manner. On the other hand, several
varieties of Cucurbita, which have dwarfed stems, all pro-
duce, as Naudin remarks, leaves of the same peculiar shape.
Mz G Maw informs me that all the varicties of the scarlet

which have d or imperfect leaves have
S difference Lotween * Brilliant ” and
its parent “Tom Thumb"” is a good instance of this. It may
he 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 clongated
leaves on long but wingless petioles, is connected with the

5 <Revue des Cours Scientifiques,  stances, ‘Des Variétés, 1865, p. 72,
June 5, 1869, p. 430. ¢ Arbres Fruitiers,” 1836, tom. ii.
= Gardener’s Chren.’ 1854, p.  pp, 204 226.
1202, 5 ¢ Annales du Muséum,’ tom. xx.
™ Verlot gives several other in-  p. 188.
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remarkable change in form and nature which the fruit under-
goes during its development.

Tn the followitg instance we have the colour and the form
of the petals apparently correlated, and both dependent on
the nature of the season. An observer, skilled in the subject,
writes “1 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
“decp.” Again, Dahlins which have their petals tipped
with a different colour from the rest of the flower ate 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
connection; but I will now give cases in which we can-
not even conjecture, or can only very obscurely see, the
nature of the bond. Isidore Geoffroy Saint-Hilaire, in his
“work on Monstrosities, insists, * “que certaines anomalies
“ goexi sment entrelles, d'antres fré Qautres
“ enfin presque ‘malgré I diffé grand
* de leur nature, et quoiqu’elles puissent paraitre complétement
“ indépendantes les unes des antres.” We sce something
analogous in certain diseases: thus in a rare affection of the
renal capsules (of which tho functions aro unknown), the
skin becomes bronzed ; and in hereditary syphilis, as T hear
from Sir J. Paget, both the milk and the second teeth
assume a peculiar and characteristic form. Professor Rol-
leston, also, informs me that the incisor teeth are sometimes

3 ¢ Gardener’s Chron.,’ 1843, p.  p.402. See also M. Camille Dareste,
. ¢ Recherches sur les Conditions,’ &e,,
5 Thid,, 1843, p. 102 1863, pp. 16, 48, &
# (Hist. des Anomalies,’ tom. iii.
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furnished with a vaseular 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
acorns. I 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. Tegetmeicr,
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
coloured 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.

To turn to more important characters: the niata cattle of
the Pampas are remarkable from thefr short foreheads,
upturned muzzles, and curved lower jaws. In the skull the
nasal and premaxillary bones are much shortened, the
maxillaries are excluded from any junction with the nasals,
and all the bones are slightly modified, even to the plane of
the occiput.  From the analogous 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 perforated skulls. The case would probably
be considered by some authors as one of balancement or
compensation. In the chapter on Fowls, I have shown that

® Rev. E. S. Dixon, ‘Omamental ~ Geoffroy, ¢Hist. Anomalies, tom, i
Poultry,’ 1848, p. 1113 Isidore p. 211,
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with Polish fowls the tuft of feathers was probably at first
small; by continued seleetion it became larger, and then
rested on a fibrous mass; and finally, as it beeame stll
larger, the skull itself became more and more protuberant
until it acquired its present extraordinary structure, Through
correlation with the protuberance of the skull, the shape
and even the relative connection 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 the frontal and squamosal bomes, and the
direction of the bony cavity of the ear, have all been
modified. The internal confignration of the skull and the
whole shape of the brain have likewise been altered in a
truly marvellous manner.

Aftter this case of the Polish fowl it would b superfluous
to do more than refer to the details previously given on the
manner in which the changed form of the comb has affected
the skull, in various breeds of the fowl, causing by correlation
crests, protuberances, and depressions on its surface.

With our cattle and sheep the horns stand in close con-
nection 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 dimfnished in breadth towards the
“poll;” and the cavities hetween the bony plates  arenot so
“ deep, nor do they extend beyond the frontals.”®

It may be well here to pause and observe how the effects of
correlated variability, of the increased use of parts, and of the

ion of so-called variations through
natural selection, arc in many cases inextricably commingled.
We may borrow an illustration from Mr. Herbert Spencer, who
remarks that, when the Irish elk acquired its gigantic horns,
weighing above one hundred pounds, numerous co-ordinated
changes of structure would have been indispensable,—namely,
a thickened skull to carry the horns; strengthened cervical

5 ¢On the Breeding of mmm,L Animals, 1829, p. 6.
% Youatt on Cattle, 1834, 83,
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vertebre, with strongthened ligaments; enlarged dorsal
vertebrre 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. Fach stag presents individual charac-
teristics, 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 have a greater number of offspring.
The offspring would inherit, in a greater or less degree, these
same qualities, would occasionally intercross with one another,
or with other individuals varying in some favourable manner ;
and of their offspring, those which wero the best endowed in
any respect would continue multiplying ; and so onwards,
always progressing, sometimes in one direction, and some-
times in another, towards the excellently co-ordinated struc-
ture of the male elk. To make this clear, let us reflect on
the probable steps, as shown in the twenticth 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 gradually
approaching in character to our present race or dray horses,
which are so admirably fitted in the one c.se for fleetness and
in tho other for dranght.

Although natural selection would thus ¥ tend to give to

# Mr. Herbert Spencer (‘Principles  “ faculties multiply, and as fast as
of Biology,’ 1864, vol. i. pp. 452, “the number of organs that co-
468) takes a different view; and in one  “ operate in any given function
place remarks: “ We have seen reason ~ “ increases,  indivect equilibration
“to think that, as fast as essential through natural selection becomes
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the male elk its present structure, yet it is probable that the
inherited effects of use, and of the mutual action of part on
part, have been equally or more important.  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 extremities 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
“fact given with respect to horned and hornless cattle, it is
probable that the horns and skull would immediately act on
cach other through the principle of correlation. Lastly, the
growth and subsequent wear and tear of the augmented
muscles and bones would require an increased supply of
blood, and consequently increased snpply of food ; and this
again would require increased powers of mastication, diges-
tion, respiration, and excretion,

Colour as Correlated with Constitutional Peculiarities.

It is an old belief that with man there is a connection
between mmplexlons and constitution ; and I find that some
of the best authorities believe in this to the present day.*
Thus Dr. Beddoe by lns tables shows® that a relation exists
between liability to consumption and the colour of the hair,
eyes, and skin. It has been affirmed * that, in the French
army which invaded Russia, soldiers having a dark complexion
from the southern parts of Europe, withstood the intense

“less and less capable of prod
“ specific adaptations ; and re
“ fully capable ouly of maintai
© the general fitness of constitution
“to conditions.” This view that
selection can do_little in
mnd ying tho higher x

rises me, seei
B nadsutiedly iad waaat itk

our domesticated quadrupeds and
birds.

3 Dr. Prosper Lueas anparenﬁy
d behwes in ch cor

# ¢ British ML i Jusrual 1862,
p- 433.

w mmd.n, “Gdograph. Mddicale,”
tom. i. 6.
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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 difforences in
colour are lated with di as shown
by greater or less immunity from certain discases, from the
attacks of parasitic plants and animals, from scorching 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 do not know that it stands in any sort of correlation
with their colour; but when several similarly coloured
varieties of the same species are thus characterised, whilst
other coloured varieties 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 certain disease than green or yellow-fruited
varietios. On the other hand, yellow-fleshed peaches of
various kinds suffer from another disease much more than the
white-fleshed varieties. In the Mauritins 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; and 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 snffered in France less from
the deadly parasitic fungus than those producing yellow silk.

The cases of immunity from the action of certain vegetable
poisons, in connexion with colour, are more interesting, and
are at present wholly inexplicable. I have already given a
remarkable 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 Lacknanthes
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tinctoria. According toSpinola and others," buckwheat (Poly-
gonum fagopyrum), when in flower, is highly injurious to white
or white-spotted pigs, if they are exposed to the heat of the
sun, but s quite innocuous to black pigs. According to two
accounts, the Hypericum 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 grows 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
chestnuts 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 fool’s
parsley (Hthusa cynapium) they are sometimes violently
purged ; and this plant “has a peculiar effect on the nose
“and lips, cansing deep cracks and ulcers, particularly on
“ horses with white muzzles.”#* With cattle, independently
of tho action of any poison, cases have been published by
Youatt and Erdt of cutancous discases with much consti-
tutional 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.t

buckwheat ;
oolled in
me 1em affected.

44 This fact and the following cases,
when not stated to the contrary, are
taken from a very curious paper by
Prof. Heusinger, in *Wochenschsi @ Mr. Mogford, in the * Vet
fiir Heilkunde,” May, 1840, s. 277.  narian, quoted in *The Field, Jan.
Settegast (* Die Thierzucht,’ 1868, p. 2

89) says that white or white-spotted 8 ¢Ed nblugh Veterinary Journal
sheep suffer like pigs, or even die from  Oct. 1860, p.

whilst black or
iduals are not in
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We thus sce that not only do those parts of the skin which
bear white hair differ in a remarkable manner from those
bearing hair of any other colour, but that some great consti-
tutional difference must be correlated with the colour of the
hair; for in the above-mentioned cases, vogetable poisons
caused fever, swelling of the head, as well as other symptoms,
and oven death, to all the white, or white-spotted animals,
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CHAPTER XXVI.
LAWS OF VARIATION, continued —SUMMARY.

U 0N OF HONOLOGOTS. PATI—THE YARABIITY 0P MULTIFLE AXD
HOMOLOGOUS or REsSURE
et o8 Tiowass Wevs. Raseac 70 Tix ALim, AXD OF
SEEDS IN THE OVARY, AS INDUCING VARIATION—ANALOGOUS OR PARALLEL
VARIETIES—SUMMARY OF THE THREE LAST CHAPTERS.

The Fusion of Homologous Parts.—Geoffroy Saint-Hilaire

formeily propounded what he called la loi de Pagfinité de soi

pour soi, which has been discussed and illustrated by his son,

Tsidore, with respect to monsters in the animal kingdom,!

and by Moquin-Tandon, with respect to monstrous plants.

This law seems to imply that homologons parts actually

attract one another and then unite. No doubt there are

many wonderfu] cases, in which such parts become intimately
fused together. This is perhaps best seen in monsters with
two heads, which are united, summit to summit, or face to
face, or Janus-like, back to back, or obliquely side to side.

In one instance of two heads united almost face to face, but a

little obliquely, four ears were developed, and on one side a

perfect face, which was manifestly formed by the fusion of

two half-faces. Whenever two bodies or two heads are
united, each bone, muscle, vessel, and nerve on the line of
junetion appears as if it had sought out its fellow, and had be-
come completely fused with it. Lereboullet,? who carefully
studied the development of double monsters in fishes, observed
in fifteen instances the steps by which two heads gradually
became united into one. In all such cases it is now thought
by the greater number of capable judges that the homolo-
gous parts do not attract each other, but that in the words
of Mr. Lowne :> * As union takes place before the differentia-

! ¢Hist, dos Anomalic mr_v, tom. _* Catalogue of the Teatclogiea
i gp 22, 537-556 ; Series in the Museum of the R. Coll.
Comptes Rendus! 1855, po- 355, of Sergeons 1673, pr 27

1029,
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“tion of distinet organs occurs, these are formed in continuity
« with each other.” He adds that organs already differenti-
ated probably in no case become united to homologous omes.
M. Dareste does not speak® quite decisively against the law of
s0i pour soi, but concludes by saying,  On se rend parfaitement
“ compte de la formation des monstres, si 'on admet que les
« embryons qui so soudent appartiennent i wn mémo wuf;
« qu'ils s'missent en méme temps qu'ils se forment, ot que la
“ soudure ne se produit que pendantla premiére période de la
“vie embryonnaire, celle ou les organes ne sont encore con-
« stitués que par des blastémes homogénes.”

By whatever means the abnormal fusion of homologous
parts is effected, such cases throw light on the frequent
presence of organs which are double during an embryonic
period (and throughout lifo in other and lower members of the
same class) but which afterwards unite by a normal process
into a single medial organ. In the vegetable kingdom Moquin-
Tandon’ gives a long list of cases, showing how frequently
homologous parts, such as leaves, petals, stamens, and pistils,
flowers, and aggregates of homologous parts, such as buds,
as well as fruit, become blended, both normally and abnor-
mally, with perfect symmetry into one another.

The Variability of Multiple and Homologous Parts.—Isidore
Geoffroy ® insists that, when any part or organ is repeated
many times in the same animal, it is particularly liable to
vary both in number and structure. With respect to number,
the proposition may, I think, be considered as fully estab-
lished ; but the evidence is chiefly derived from organic
beings living under their natural conditions, with which we
are not here concerned. Whenever such parts as the vertebra
or teeth, the rays in the fins of fishes, or the feathers in
the tails of birds, or petals, stamens, pistils, or sceds, are very
numerous, the number is generally variable, With respect to
the structure of multiple parts, the evidence of variability is
not so decisive; but the fact, as far as it may be trusted,

! Archivesdo Zoolog Expér, Jan, ¢ (Hlist des Anomalie tom.
874, P-4, 5, 6.

o an«Lologxe Vg, 1841, livre iii.
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probably depends on multiple parts being of less physiological
importance than single parts; consequently their structure
has been less rigorously guarded by natural selection.

Compensation of Growth, or Balancement.—This law, as
applied to matural specics, was propounded by Goetho and
Geoffroy Saint-Hilaire at nearly the same time. It implies
that, when much organised matter is used in building up
some one part, other parts are starved and become reduced.
Several authors, especially botanists, believe in this law ;
others reject it. As far as I can judge, it occasionally holds
good; but its importance has probably been exaggerated. It
is scarcely possible to distinguish between the supposed
effects of such compensation, and the effects of long-continued
selection which may lead to the augmentation of one part,
and simultaneously to the diminution of another. Anyhow,
there can be no doubt that an organ may be greatly increased
without any corresponding diminution of an adjoining part.
To recur to our former illustration of the Irish elk, it may be
asked what part has suffered in consequence 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, and con-
sequently the principle of economy of growth will seldom
come into play, so that we ought not to expect to find with
them frequent evidence of compensation. We have, however,
some such cases. Moquin-Tandon describes a monstrous bean,
in which the stipules were enormously developed, and the
leaflets apparently in aborted ; this
case is interesting, as it represents the natural condition of
Lathyrus aphaca, with its stipules of great size, and its leaves
reduced to mere threads, which act as tendrils. De Can-
dolle® has remarked that the varieties of Raphanus saticus
which have small roots yield numerous seed containing much
oil, whilst those with large roots are not productive in oil;
and so it is with Brassica asperifolia. The varieties of

* “Tératologie Vég.,' p. 1
alsomy book on ¢ The Mov
Habits of Climbing Plants,’ 2

Muséum,’  &e.,
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Cucurbita pepo which bear large fruit yield a small crop,
according to Naudin; 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
sterilo ; consequently, in the way of compensation, the fruit
becomes greatly enlarged, and, in double flowers, tho petals
are greatly increased in number.

With animals, it has been found difficult to produce cows
which yield much milk, and are afterwards capable of fatten-
ing well. With fowls which have large top-knots and beards
the comb and wattles are generally much reduced in size;
though there are exceptions to this rule. Perhaps the entire
absence of the oil-gland in fantail pigeons may be connected
with the great development of their tails.

Mechanical Pressure as a Cause of Modifications.—In some
fow cases there is reason to believe that mere mechanical
pressure has affected certain stratures. Vrolik and Weber®
maintain that the shape of the human head is influenced by
the shapo 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 power of locomotion.
In snakos, the viscera aro curiously displaced, in comparison
with their position in other vertebrates ; and this has been
attributed by some authors to the clongation of their bodies ;
but here, as in so many previous cases, it is impossiblo to
disentangle a direct result of this kind from that consequent
on natural selection. Godron has argued ** that the abortion
of the spur on the inner side of the flowers in Corydalis, is
caused by the buds at a very early period of growth whilst
underground being closely pressed against one another and
against the stem. Some botanists believe that the singular
difference in the shape both of the seed and corolla, in the
ichard, ‘Phyn. Hul. of Man- series, tom. xix. p. 3:

md, 1851, vol. i, 1 < Comptes mdn., Dec. 1864, p.
fvniiog v g 1st 1039,
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interior and exterior florets in cortain Compositons and
Umbelliferons plants, is dne to the pressure to which the
inner florets are subjected ; but this conclusion 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. Miiller’? has sHown that in
shortfaced races of the dog some of the molar teoth are placed
in a slightly different position to 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
importance. This difference in position is due to the shorten-
ing of certain facial bones and the consequent want of space ;
and the shortening results from a peculiar and abnormal state
of the embryonal cartilages of the bones.

Relative Position of Flowers with respect to the Azis, and of Seeds
in the Ovary, as indrcing Variation.

In the thirteenth chapter various pelorm flowers were described,
and their production was shown fo be due either to arrested
development, or to reversiol pnmord.ml cundxtwn Moquin-
‘andon has remarked that lw flowers which stand on the summit

of the main stem or of a lateral branch are more liable to beecme
peloric than those on the sides;™ and he adduces, amongst other
instances, that of Teucrium campauulatum. Tn another Labiate
plant grown by me, viz. the Galeobdolon luteum, 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
froquently peloric, and when this ocenrs I have during several years
invariably observed it to be the central flower. This is of such
frequent occurrence that one observer™ gives the names of ten
varicties flowering at the same time, in every one of which the
central flower was peloric. Oceasionally more than one flower in
the truss is pelorie, and then of course the additional ones must he
lateral. These flowers are interesting as showing how the whole
structure is correlated. In the common Pelargonium the upper
sepal is produced into a nectary which coheres with the flower-
peduncle; the two upper petals differ a little in shape from the
three lower ones, and are marked with dark shades of eolour the
stamens are graduated in length and upturned. In the peloric

B Uler Bl Rechiten? Worr- 8 (Tirsislogie Vég,' . 190
burger Medicin, Zeitschnift, 1860, B. ' *Jourual of Horticulture,’ July
i 5. 265, 3ud, 1861, p. 255,

YOL. 1L H
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flowers, the nectary aborts; all the petals become alike both {n ahiape
d lanr the stamens are geuerally reduced in number and
raight, so that the whole flower resembles that of the
lll|ed nnus Emdmm The correlation Letween these changes is
well shown when one of the two npserr petals alone loses its dark
mark, for in this case the not entirely abort, but is
usnally much reduced in lengt.h
orren has described * a marvellons flask-shaped flower of the
ia, neatly four inches in length, which was almost completely
w on the summit of the plant, with a normal flower
rof. Westwood also has described ™ three similar
eloric ﬂmven, which all occupied a central position on the flower-
pranches. In the Omludeom gumu, Phalenopsis, e et
flower hes been scen t
ln l Laburnum- lree 1 nbssrved thlt lbont a fourth part of the

lost their
lt.nlnture. These were produced aﬂm n.lmost all the other flowers
on the same racemes had withered. The most perfectly pelorised
examples had six petals, each marked with black striz like those on
the standard-petal. The keel seemed to resist the change more than
the other petals. Dutrochet has described ™ an exactly similar case
in France, and I believe these are the only two instances of pelorism
in the laburnum which have been recorded. Dutrochet remarks
that the racemes on this tree do not properly produce a terminal
flower, so that (s in the case of the Galeobdolon) their position as
well as structure are both anomalies, which no doubt are in some
manner related. Dr. Masters has briefly described another leguminous
plant,” namely, lssn-lesolclmcr in which the uppermostand central
flowers were Tegular or had lost their papilionaceous structure.
1In some of these plants the flower-heads were also proliferous.

Lastly, Linnriagvrod\lcex two kinds of peloric flowers, one having
simple pefals, and the other having them all spurred. The two
forms, as Naudin remarks,* not. ‘rlm.ly ocenr on the same plant, but
in this case the spurred form almost invariably stands on the
uumnnt of the spike.

e tendency in the terminal or central flower to become peloric

mm fmnenﬂy than the other flowers, probably results from “ the
“ bud which stands on the end of a shoot receiving the most sap;
“jt grows out into a stronger shoot than those situated lower

15 1t would be worth trial to fer-  eulture,
tillse with the same pollen the central 17 ¢
and lateral flowers of the pelargo-
nium, or of other highly cultivated
plants, protcting them of course
then to sow the seed
separately, and obmerve whother the
one or the other lot of seedlings 25, 1851,
varied the most. Notlles Archives du Muséum,"
1 Quoted in *Journal ‘of Horti- L p. 1

! Feb. 24, 1863, p.
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“down.® T have discussed the conmection hetween pelorism and
acentral position, party becauso soms fow plants are known nor-
mally to produce a terminal flower’ different in structure from
the Interal ones; but chiefly on account of the following case, in
which we see & tendency to variability or to reversion connected
with the same position.” A great judge of Aurmulus” states that
“ when one throws up a side bloom it is pretty sure to keep its
B iic ot that if it grom from tho’ serive. oF etk ol thé
plant, whatever the colour of the edging onght to be, “ it is just ns
“likely to come in any other class as in the oue to which it properly
“ helongs.” 'This is so notorious a fact, that some florists regularly
pinch off the central trusses of flowers. Whether in the highly
improved varicties the departure of the central trusses from their
proper type is due to reversion, I do mot know. Mr. Dombrain
insists that, whatever may be the commonest kind of imperfection
in each variety, this is generally exaggerated in the central truss,
Thus one varioty *sometimes has the fult of producing a little
« green floret in the centre of the ower,” and in central booms these
become excessive in size. In some ecntral blooms, sent to me by
Mr. Dombrain, all the organs of the flower were rudi nentary in
structure, of minute size, and of a green colour, 5o that hy a little
further change all would have been converted into small leaves.
Tn this case we clearly see a tendency to prolification—a term which
Imay explain, for those who have never attended to botany. to mean
the production of a branch or flower, or head of flowers, out of
another flower. Now Dr. Masters ® stafes that the central or tpper-
most flower on & plant is generally the most liable o prolification.
Thus, in the varieties of the Auricula, the loss of their proper
character and a tendency to prolification, also a tendency to pro-
lification with pelorism, are all comnected together, and are due
either toarrested development, or fo reversion to a former condition.
e following is & more iteresting case; Metzgor ™ cultivated in
any several kinds of maize brought from the hotter parts of
R o 1 for, s pcevionalydsmarined, Sask in v o tirse
generations the grains becamo greatly changed in. form, size, and
Solone; nd with respect 4o two races ho expressiy states that in
the first , whilst the lower grains on cach head refained
their proper dlmcter, the uppermost grains already began to assume
hit churacter which in the third generation all the grains acquired,
we do not know the aboriginal parent of the maize, we cannof
o e miangen siein any way connected with reversion.
In the two following eases, reversion comes into play and is de.
termined by the position of the seed in the capsule. The Blue Im)
B i o dffspring of the Bluo Prussisa, and has larger seed aod

n m.g“ o Mal, <The Vegetable
CAlL En

A h, p. 83,
# “Transact. Linn. Soc., vol.
= The Rev. . B Dombrain, in 1801, p.
“Journal of Horticulture,’ 1861, June 5 ¢
dth, p. 174; and June 23th, p. 234;

e Getreidearten,” 1843, 5. 208,

z2
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bronder pods than ifs parent. Now Mr. Masters, of Canterbury, a
careful observer and a raiser of new varieties of the pea, states
that the Blue Imperial always has a strong tendency to revert to
its parent-stock, and the reversion “occurs in this manner: the
“last (or uppermost) pea in the pod is frequently much smaller
“than the rest; -!' small peas aro careflly collected and
“sown separatel; in proportion, will revert to
«Chale onlE, Tha e talen nmm i other perts of the pod"
Again, M. Chaté * says thet in rmising scedling stocks he succeeds
in etfig Blghty per' cent. to_bear double flowers, by leaving only
a few of the secondary branches to seed; but in addition to this,
E tthetimeofexi the seeds, the upper portion of the pod
« placed aside, becanse it has been ascertained
-wmm plants coming from the seeds situated in this portion of
the pod, give eighty per cent. of ‘single flowers” Now the
duction of single-flowering plants from the sced of double-flowering
plants is clearly a case of reversion. These latter facts, as well as
the connection between a central position and pelorism and pro-
lification, show in an mteresunu ‘mauner how small a difference—
namely, a little greater or less freedom in the flow of sap lowudl
one part of the pllm~determma important changes of struct
Analogous or Parallel Vunalww.g By this term I mean
that similar cl lly make their app
in the several varieties or races descended from the same
specics, and more rarely in the offspring of widely distinct
species. We are here concerned, not as hitherto with the
causes of variation, 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
acting on similarly constituted organisms, and which con-
sequently have varied in a similar manner; and secondly,
those due to the reappearance of characters which were
by a more or less remote progenitor. But these
two main divisions can often be separated only conjec-
turally, and graduate, as we shall presently sce, into each
other.

Under the first h-d cad of nalogors varistions, not due {0 roverson,
we have the man) trees belonging to quite different orders
hich Hare P T O TR s T T el

5 ¢Gardener’s Chronicle,’ 1850, ). Quoted in ‘Gardener's Chron.,”
198, 1866, p. 7
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hazel, and barberry have given riso to purple-leayed varieties; and,
as Bernhardi remarks,# a multitude of plants, as distinet as possible,
have yielded varieties with deeply-cut or laciniated leaves. Varieties
descended from three distinct species of Brassica have their stems,
or so-called roots, enlarged into globular masses. The nectarine is
the offspring of the peach; and the varieties of peaches and
nectarines_offer a remarkable p«,chhsm in the frait boing white,
red, or yellow fleshed—in being the
flowers being large or small—in the leaves bemg sarm(ed orcrenated,
furnished_with globose or reniform glands, or quite destitute of
glands. It should be remarked that each variety of the nectarine
has not derived its character from a corresponding variety of the
peach. The several varieties also of a closely allied genus, namely
the apricot, differ from one another in nearly the same parallel
manner. There is 1o reason to believe that any of these varieties
have merely reacquired long-lost characters; and in most of them
this certainly is not the case.

iroe species of Cusurbita have yielded a multitude of races
which correspond so clusely in character that, as Naudin insists,
they may be arranged in Amost strictly parallol series, Several
varieties of the melon are interesting from resembling, in important
characters, other species, either of the same genus or of allied genera ;
thus, one varicty has fruit so like, both externally and internally,
the fruit of a perfeetly distinet species, namely, the cucumber, as

y to be distinguished from it; another has long cylindrical
fruit wisting about hko 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 these highly sensriali
peculiarities are characteristic of species belonging to allied genera.
We can hardly account for the appearance of so many unusual
characters by reversion to a single ancient form; but we must
believe that all the members of the family have inherited a nearly
similar coustitution from an early progenitor. Our cereal and many
other plans offer similar cases.

Vith animals we have fewer cases of analogous variation, inde-
pendently of direct reversion. We sce something of the md
in the resemblance between the short-muzzled races of the
such as the pug and bull- rlog, i foathar oted. Taces of the. fonl,
pigeon, and canary-bird ; in horses of the most different races pre-
senting the same range of colo\lr, in all black-and-tan dogs having
fan-coloured eye-spots and feet, but in this latter case reversion
msmhly Tave played a part. Low has remarked * that soveral

s of cattle are “ sheeted,”~that is, have a broad band of white
p-s-mg round their bodies like @ sheet; this charac ter | m strongly

and sometimes originates from a cross; it may be the
ﬁm mepm reversion to an eurly ve, [01, 2. whs: showaitn! b

[ e o e sz, 5 < Domestieated Animals,’ 1843
art,’ 1834 5. P Sl

© The Complete Work of Charles Darwin Online



842 LAWS OF VARIATION, Cuar. XXVI.

third chapter, white cattle with dark ears, dark feet and tip of tail,
formerly existed, and now exist in feral or semi-feral condition in
several quarters of the world.

Under our secoud main division, namely, of analogous variations
due to reversion, the best cases are afforded by pigeons. In all the
most_distinet breedn, sub-varieties occasionally appear colonred
exactly like the parent rock-pigeon, with black wing-bars, white
loins, banded tail, &e.; and no one can doubt that these characters
5 turbits properly have
white tails, but oceasionally a hmi is born with a dark coloured and
banded tail; pouters proper] J have their primary wing-feathers

white, but not rarely a 5 WOl ﬂlghted " bird appears, that is, mm
with the few first primaries dark-coloured; and I hese cases Wi
have characters proper to the rock-pigeon, m e v
evidently appearing from reversion. In some domestic varieties

the wing.bars, insténd of beink simply black, 88 in the rock-pigeon,
are beautifully edged with different zones of colour, and they then
present a_striking analogy with the wing-bars in certain natural
species of the same family, such as Phaps chaleopteras and this

way probably be accounted for by all the species of the family
Teing descended from the same remote progenitor and having a ten-
dency to vary in the same manner. Thus, also, we can perhaps
understand the fact of some Laugher-pigeons cooing almost like
turtle-doves, and for several races having peculiarities in their
flight, since certain natural species (viz, C. Sorairiéand paoibiO:
display singular vagaries in this respeet. In other cases a race,
instead of imitating a distinct specics, resembles some other race
thus, certain runts tremble and slightly elevate their tails, like fan-
tails’; and turbits inflate the upper part of their cesophagus, like

prmwr—pl ns.

t is & common circumstance to find certain coloured marks
lmteuﬂy characteriving nll the species of a gonus, but differing much
in tint ; and the same thing oceurs with the varieties of the pigeon :
thus, instead of the general plumago being biue, with the wing-bars
black, there are snow-white varieties with red bars, and black varie-
tias withwhits, bars. n other arictis the wing:bars, as wo have
scen, aro clegantly aoned with difterent tints  The Spot. pigeon is

1 by the whole plumage being whits, excepting a spot
ot ut these

black. In the mk-plgm oL many varieties the tail
with the outer edges of the outer feathers white; but in the sub-
variety of the monk-pigeon we have a reversed style of coloration,
for the ail i white, except. the outer edges of the outer feathers,
whicl

With soume .pm- of birds, for instance with gulls, certain
coloured parts appear as if almost washed out, and I have observed
esaetly the same appearance in the terminal dark tal-bar in certain

= Bechstein,  Naturgeschichte Deutschlands,’ Band iv., 1795, 5. 81.
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pigeons, and in the whole plumage of certain varietics of the duck.
Analogous facts in the vegetable kingdom could be given.

Many sub-varieties of the pigeon have reversed and somewhat
lengthened feathers on the back part of their heads, and this is
certainly not due to reversion to the parent-species, which shows
10 trace of such structure : but when we remember that sub-varie-
ties of the fowl, turkey, canary-bird, duck, and goose, all have either
topknots or reversed feathers on their heads; and when we remember
that scarcely a single large natural group of birds can be named, in
which some members have not a tuft of feathers on their heads, we
may suspect that reversion to some extremely remote form has
come into action.

Several breeds of the fowl have either spangled or pencilled
feathers; and these cannot be derived from the parent-species, the
Gullus banlkiva ; though of course it is possible that one early pro-
genitor of this species may have been spangled, and another pen-
cilled. But, as many gallinaceous birds are either spangled or pen-
cilled, it is a more probable view that the several domestic breeds
of the fowl lave acquired this kind of plumage from all the
members of the family inheriting a tendency to vary in a like
manner. The same principle may account for the ewes in certain
breeds of sheep being hornless, like the females of some other
hollow-horned ruminants; it may account for certain domestic cats
having slightly-tufted ears, like those of the lynx; and for the skulls
of domestic rabbits often differing from one another in the same
characters by which the skulls of the various species of the genus
Lepus differ.

1 will only allude,to one other ecase, already discussed. Now
that we know that the wild parent of the ass commonly has striped
legs, we may feel confident that the occasional appearance of stripes
on the legs of the domestic ass is due to reversion; but this will not
account for the lower end of the shoulder-stripe being sometimes
angularly bent or slightly forked, So, again, when we seen dun
and other coloured horses with stripes on the spine, shoulders, and
legs, we are led, from reasons formerly given, to believe that they
reappear through reversion to the wild parent-horse. But when
horses have two or three shoulder-stripes, with one of them ocea-
sionally forked at the lower end, or when they have stripes on their
faces, or are faintly striped as foals over nearly their whole bodies,
with the stripes angularly bent one under the other on the fore-
Tead, or irregularly branched in other parts,it would be rash to
attribute such diversificd characters to the reappearance of those
proper to the aboriginal wild horse. As three African species of
the genus are much striped, and as we have seen that the crossing
of the unstriped species often leads to the hybrid offspring being
conspicuously striped—bearing also in mind that the act of crossing
certainly causes the f long-lost characters—it is
a more probable view that the above-specified stripes are due to
reversion, not to the immediate wild parent-horse, but to the striped
progenitor of the whole genns,
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T have discussed this subject of analogons variation at con-
siderable length, because it is well known that the varicties
of one species frequently resemble distinct species—a fact in
perfect harmony with the foregoing cases, and explicable 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 deter-
mined in a much higher degree by the nature of the organi-
sation, than by the nature of the conditions to which the

_ varying being has been exposed. Thirdly, because these facts
are to a certain extent related to a more general law, namely,
that which Mr. B. D. Walsh® has called the “Law of
Equable Variability,” or, as he explains it, “if any given cha-
“racter is very variable in one species of a gronp, it will tend
“10 be variable in allied species; and if any given character
«is perfectly constant in one species of @ group, it will tend
“to be constant in allied species.”

This leads me to recall a discussion in the chapter on
Solection, in which it was shown that with domestic races,
which are now undergoing rapid improvement, those parts
or characters vary the most, which are the most valued.
This naturally follows from recently selected characters con-
tinually tending to revert 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 cha-
racters in question tovary. The same principle is applicable
to natural specics, for, as stated in my *Origin of Species,
generic characters are less variable than specific characters ;
and the latter are those which have been modified by varia-
tion and natural selection, since the period when all the
species helonging to the genus branched off from a common
progenitor, whilst generic characters are those which have
remained nnaltered from a much more remote epoch, and ac-
cordingly are now less variable. This statement makes a
near approach to Mr. Walshs law of Equable Variability.
Secondary sexual characters, it may be added, rarely serve to
characterise distinct genera, for they usually differ much in
the species of the same genus, and they are highly variable

s ¢ Proc, Entomolog. Soc. of Philadelphia,’ Oct. 1863, p. 213,
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in the individuals of the same species; 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 saw that changed con-
ditions occasionally, or even often, 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 directly on the organisation or indirectly through the
reproductive system, is indefinite and fluctuating variability.
Tu the three lust chapters, sowe of the laws by which such
variability is regulated have been discussed.

Increased use adds to the size of muscles, together with
the blood-vessels, nerves, ligaments, the crests of bone and
the whole bones, to which they are attached. Increased
fanctional actiyity increases the size of various glands, and
strengthens the sense-organs. Increased and intermittent
pressure thickens the epidermis. A change in the nature of
the food sometimes modifies the coats of the stomach, and
augments or decreases the length of the intestines, Continued
disuse, on the other hand, weakens and diminishes all parts
of the organisation. 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 scapulew, coracoids, and furculum, 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 ;
whereas we have reason to believe that this has often occurred
under nature; the effects of disuse in this latter case being
aided by cconomy of growth, together with the intercrossing
of many varying individuals. The cause of this difference
between organisms in a state of nature, and under domestica-
tion, probably is. that in the latter case there Las not been
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time sufficient for any very great change, and that the
principle of economy of growth does not come into action.
On the coutrary, structures which are rudimentary in the

parent-specics, sometimes becomo partially rmle\ elop«d in onr

make their appearance lmder dumesuulhuu, seem always 10
be the result of a sudden arrest of development ; nevertheless
they are of interest, as showing that rudiments are the relics
of organs once perfectly developed.

Corporeal, periodical, and mental habits, thongh the latter
have been almost passed over in this work. hecome changed
under domestication, and the changes are often inherited.
Such changed habits in an organic being, especially when
living a free life, would often lead to the augmented or
diminished use of various organs. and consequently to their
modification. From long-continued habit, and more especi-
ally from the occasional birth of individuals with a slightly
different constitution, domestic animals and cultivated plants
become to a certain extent acclimatised or adapted to a

 climate different from that proper to the parent-species.

Through the principle of correlated variability, taken in
its widest sense, when one part varies other parts vary, cither
simultaneously, or one after the other. Thus, an organ modi-
fied during an early embryonic period affects other parts
subsequently developed. When an organ, such as the beak,
increases or decreases in length, adjoining 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. Homo-
logous parts which are identical during their early develop-
ment and are exposed to similar conditions, tend to vary
in the same or in some connected manner,—as in the case of
the right and left sides of the body, and of the front and
hind limbs. “So 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 be-
tween the skin and various dermal appendages, such as hair,
feathers, hoofs, horns, and teeth. In Paraguay, horses with
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curly hair have hoofs like those of a mule; the wool and the
horns of sheep often vary together ; huirless dogs are deficient
in their teeth ; men with redundant hair have abnormal teeth,
either by deficiency orexcess. Birds with long wing-feathers
usnally 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 wholo leg
tends to assume the structure of the wing. There is a mani-
fest 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 to 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 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 one colour from certain diseases, from the
attacks of parasites and from the action of certain vegetable

jisons.

Correlation is an important subject ; for with species, and
in a lesser degree with domestic races, we continually find
that 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 caution is necessary with respect to this latter
point, for it is difficult to overrate our ignorance on the
use of various parts of the organisation; but from what we
have 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 often
become fused together. Multiple and homologous organs
are especially liable to vary in number and probably in
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form. As the supply of organised matter is not unlimited,
the principle of compensation sometimes comes into action ;
50 that, when one part is greatly developed, adjoining parts
are apt to be reduced ; but this principle is probably of much
less importance than the more general one of the economy
of growth. Through mere mechanical pressure hard parts
occasionally affect adjoining parts. With plants the position
of the flowers on the axis, and of the seeds in the ovary, some-
times leads, through a more or less free flow of sap, to changes
of structure; but such changes are often due to reversion.
Modifications, in whatever manner caused, will be to a certain
extent regulated by that co-ordinating power, or so-called
nisus formativus, which is in fact a remnant of that simple form
of reproduction, displayed by many lowly organised beings in
their power of fissiparous generation and budding. Finally,
the effects of the laws which directly or indirectly govern
variability, may be largely regulated by man's selection, and
will 8o far be determined by natural selection that changes
advantageous to any race will be favoured, and disadvan-
tageous changes will be checked.

Domestic races descended from the same species, or from
two or more allied species, are liable to revert to characters
derived from their common progenitor; and, as they inherit
a somewhat similar constitution, they are liable to vary
in the same manner. From these two causes analogous
varieties often arise. When we reflect on the several fore-
going 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 intricate and to s unintelligible
manner in which our domestic productions have varied, and
still go on varying.
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CHAPTER XXVII.

PROVISIONAL HYPOTHESIS OF PA)

NESIS.

PRELIMINARY REMARKS—FIRST PART i—TIlE FACTS TO BE CONNECTED UNDER

A SINGLE POINT OF VIEW, NAMELY, THE VAWIOUS KINDS OF REPRODUC-

TH OF AMPUTATED XERITA—T8 DIRECE

ACTION OF THE MALE ELEMENT ON THE FEMALE—DE e

FocrioNl/ SHTFRIDRNCH ov 3% TUERY OF 5 0w A Vaxsaverry

—INHE »

s raar e ¥ THE HYFOTHESIS—HOW FARK THE NECESSARY

ASSUNPTIONS ARE IMPROBABLE—EXPLANATION BY AID OF THE HYPOTHESIS

OF THE SEVERAL CLASSES OF FACTS SPECIFIED IN THE FIRST PART—
CONCLUSI

Ix the previous chapters large classes of facts, such as those
bearing on bad-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 one another. 1
have been led, or rather forced, to form a view which to a
certain extent connects these facts by a tangible method.
Every one would wish to explain fo himself, even in an
imperfect manner, how it is possiBle for a character pos

Dy some remote ancestor suddenly to reappear in the offspring ;
how the effects of increased .or decreased use of a limb can be
transmitted to the child; how the male sexual element can *
act not solely on the ovules, but occasionally on the mother-
form; how a hybrid can be produced by the union of the
cellular tissue of two plants independently of the organs of
generation ; how a limb can be reproduced on the exact line
of amputation, with neither too much nor too little added;
how the same organism may be produced by such widely
different processes, as budding and true seminal generation ;
and, lastly, how of two allied forms, one passes in the course of
its development through the most complex metamorphoses,
and the other does not do so, though when mature both are
alike in every defail of structure. I am aware that my
view is merely a p 1 hypothesis or lation ; but
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until a better one be advanced, it will serve to bring together
a multitude of facts which are at present left disconnectod by
any efficient cause. As Whewell, the historian of the inductive
sciences, remarks :—* Hypotheses may often be of service to
“ science, when they involve a certain portion of incomplete-
“ness, and even of error.” Under this point of view I venture
to advince the hypothesis of Pangenesis, which implies that
every sepatute part of the whole organisation reproduces
itself. So that ovules, spermatozoa, and pollen-grains, — the
fertilised egg or seed, as well as buds,—include and consist of
a multitude of germs thrown off from each separate part or
unit.!

In the First Part I will enumerate as briefly as I can the
groups of facts which seem to demand connection ; but cortain
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* This hypothesis has been severely
criticised by many writers, and it
will bn G to give reerencs o the
more lmpomnk articles. The best
essa; ich I have seen is by Prv(
Delpine, entitled -Sulla Dlrwmhnlr

o
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Teorin della Pangenesi, 1869,
which a translation _appeared

y Mivart
( Genesis of Species,’ 1871, chap. x.)
follows Delpino, but adds no new

objections of any weight. Dr. Bastian
(¢The Beginnings of Life; 1872, vol. i

p.IB)uyl that the hypothesis * looks
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subjects, not hitherto discussed, must be treated at dispropor-
tionate length. In the Second Part the hypothesis will be
given; and after considering how far the necessary assump-
tions are in themselves improbable, we shall see whether it
serves to bring under a single point of view the various facts.

Parr L

Reproduction may be divided into two main classes, namely,
sexual and asexnal.  The latter is effected in many ways—by
the formation of buds of various kinds, and by fissiparous
generation, that is by spontaneous or artificial division. 1t is
notorious that some of the lower animals, when cut into many
pieces, reproduce so many perfect individuals: Lyonnet cut a
Nais or freshwater worm into nearly forty pieces, and these
all reproduced perfect animals.? 1t is probable that segmen-
tation conld be carried much further in some of the protozoa ;
and with some of the lowest plants each cell will reproduce
the parent-form. Johannes Miiller t]longht that there was an
i distinction between and fission ; for in
the latter case the divided portion, however small, is more
fully developed than a bud, which alsois a younger formation ;
but most physiologists are now convinced that the two processes
are essentially alike.® Prof. Huxley remarks,  fission is little
“more than a peenliar mode of budding,” and Prof. H. J.
Clark shows in detail that there is sometimes “a compro-
“mise between self-division and budding.” When a limb
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 seo the conmection of the two processes in

# Quoted by Famt ¢ Lectures on 328) shows that with Annelids the
Pathology,’ 1833, p. dm ction that has been made be-
2 Dr. "Lachmaunn, al\(clvn fission and budding is not a

(¢ Annals and Mag. of Nat. History xu..‘l..m...ml one. 50,
2ud series, vol. xix., 1857, p.
with respect to infusoria, that
% tion and gemmation pass into each

% other almost im perceptibly.” Again, N: "

. Minor mml, “and Mag. e bn.hhng—auh of the

vol. xi. p.  amputated limbs of Salamanders.

of Nat.
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another way; for Trembley observed with the hydra, that
the reproduction of the head after amputation was checked as
soon as the animal put forth reproductive gemmae,*

Between the duction, by of two
or more complete mdmd\uh, and the repair of even a very
slight injury, there is so perfect a gradation, that it is
impossible to doubt that the two processes are comnected. As
at each stage of growth an amputated part is replaced by one
in the same state of development, we must also follow Sir J.
Paget in admitting, “ that the fowers of development from the
* embryo, are identical with those exercised for the restora-
“ tion 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 budding, fissiparous generation, the
Tepair of injuries, and development, are all essentially the
results of one and the same power.

Sexual Generation.—The union of the two sexual elements
seems at first sight to make a broad distinction between
soxual and asexual generation, But the conjugation of
algwm, by which process the contents of two cells unite into a
single mass capable of development, apparently gives us the
first step towards sexual union: and Pringsheim, in his
memoir on the pairing of Zoospores,” shows that conjugation
graduates into true sexual reproduction. Moreover, the now
well-ascertained cases of Parthenogenesis prove that the
distinetion between sexual and asexual generation is not
nearly so great as was formerly thought; for ova occasion-
ally, and even in some cases frequently, become developed into
perfect beings, without the concourse of the male. With
most of the lower animals and even with mammals, the ova
show a trace of parthenogenetic power, for without being

fertilised they pass through the first stages of segmentation.

Nor can pseudova which do not need fertilisation, be dis-

Paget, “Lactures on Pathology,'  bol, « Usher Parthenogenesiss St
zung der mnh phys. Classe.” Munich,
© Tbid. .pp 152, 164. Nov. 4th, IS71, p. 240, Seeal
* Translated in * Annas and Mg, trefages, Annalesd
of Nat. Hist,’ April, 1870, p. 272~ 3rd Series, 1850, p. 136.
* Bischof, as quoted by von Sie-
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tinguished from true ova, as was first shown by Sir J.
Lubbock, and is now admitted by Siebold. So, again, the
germ-balls in the larve of Cedidomyia are said by Lenckart *
to be formed within the ovarium, but they do not require to
be fertilised. It should also be observed that in sexual
generation, the ovules and the male element have equal power
of trausmitting every single character possessed by either
parent to their offspring. We see this clearly when hybrids
are paired inter se, for the characters of both grandparents
often appear in the progeny, either perfectly or by segments.
It is an error to suppose that the male transmits certain
characters and the female other characters; although no doubt,
from unknown causes, one sex sometimes has a much stronger
power of transmission than the other.

Tt has, however, been maintained by some authors that a
bud differs essentially from a fertilised germ, in always re-
producing the perfect character of the parent-stock; whilst
fertilised germs give birth to variable beings. But there is
10 such broad distinction as this. In the eleventh chapter
numerous cases were advanced showing that buds occasionally
grow into plants having quite new characters; and the
varieties thus produced can be propagated for a length of
time by buds, and occasionally by seed. Nevertheless, it must
be admitted that beings produced sexually are much more
Jiable to vary than those produced asexually ; and of this fact
a partial explanation will hereafter be attempted. The
variability in both cases is determined by the same general
canses, and is governed by the same laws. Hence new
varieties arising from buds cannot be distinguished from
those arising from seed. Althongh bud-varieties usually
retain their character during 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.

But there is one difference between organisms produced
%40n the Asexual Reproduction of ¢ Annals and Mog. of Nat, Hist,’
Cecidomyide Larvae, translated in  March, 1866, pp. 167, 171,

VOL. 11, 24
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sexually and asexually, which is very general. The former
pass in the course of their development from a very low stage
to their highest stage, as we see in the metamorphoses of insects
and of many other animals, and in the concealed metamorphoses
of the vertebrata. Animals propagated asexually by buds
or fission, on the other hand, commence their development at
that stage at which the budding or self-dividing animal may
luppen to be, and therefom do not pass through some of the
lower 1 stages.'® they often advance
in organisation, as we seo in the many cases of *alternate
tion.” In thus speaking of alternate generation, 1
follow those naturalists who look at this process as essentially
ome of internal budding or of fissiparous generation. Some
of the lower pbmh, However, such as mosses and certain algee,
ding to Dr. L. Radlk when p 1y, do
undergo a retrogressive mumuq.lm.. " As far as the final
cause is concerned, we can to a certain extent understand why
beings propagated by buds should not pass through all the
curly stages of development; for with each organism the
structure acquired at each stage must be adapted to its
peculiar habits ; and if there are places for the support of many
individuals at some one stage, the simplest plan will be that
they should be multiplied at this stage, and not that they
should first retrograde in their development to an earlier or
simpler structure, which might not be fitted for the then
surrounding conditions,

From the several foregoing considerations we.may coneludo
that the difference between sexual and asexual generation
is not nearly so great as at first appears; the chief difference
being that an ovule cannot continue to live and to be fully
developed unless it unites with the male element; but even
this difference is far from invariable, as shown by the many
cases of parthenogenesis. We are therefore naturally led to
inquire what the final cause can be of the necessity in

' Prot_Allmsan spoka (‘Trasssck. 2 ofsokdy that mo reirogremion eve

. Soc. of Ediuburgh,’ vol. xxvi., 1870,  “ takes place in the series.
p. 102) Alns:nh-nly ‘on this head with ' *Annals and Mag. of Nat. Hist,’
Tospect to the H)

iroda: bo sayn 41t 2nd seriey, vol. 51,
“is a universal law in the succession 455,
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ordinary generation for the concourse of the two 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; bnt un-
impregnated soeds or ova, and detached buds, would be equally
serviceablo for both purposes. We can, however, indicate
two important gained by the of the
two sexes, or rather of two individuals belonging to opposite
sexes; for, as I have shown in a former chapter, the structure
of every orgmusm appears o be especially adapted for the

t least i , of two i . When
species are remlered highly variable by changed conditions
of life, the free intercrossing of the varying individuals
tends to keep each 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 extremely
doubtful.  Sccondly, I have shown from a large body of
facts, that, as a slight change in the conditions of life is
beneficial to each creature, so, in an analogous manner, is the
change effected in the germ by sexual union with a distinct
individual ; -nd T have been led, from observing the many

idely-ext ‘hout nature for this purpose,
and from ﬂw grenter vigour of crossed organisms of all
Kinds, as proved by direct experiments, as well as from the
evil effects of close interbreeding when long continued, to
believe that the advantage thus gained is very great.

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 clement; and
why conversely the male element, which in the case of some

is enabled to keep alive for four or five years,
and in the case of some plants for several years, likewise
perishes, unless it acts on or unites with the germ, are
questions which cannot be answered with certainty. It is,
however, probable that both sexual elements perish, unless
brought into union, simply from mcl\ldmg too little formative
matter for i has shown ~
242
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in the case of the Teredo, as did formerly Prevost and Dumas
with other animals, that more than one spermatozoon is
requisite to fertilise an ovum. This has likewise been shown
by Newport,3 who proved by numerous experiments, that,
“when a very small number of spermatozoa are applied to the
ova of Batrachians, they are only partially impregnated, and
. an embryo is never fully developed. The rate also of the
ion of the ovum is determined by the number of the
spermatozoa, With respect to plants, nearly the same results
were obtained by Kolreuter and Girtner. This last careful
observer, after making successive trials on a Malva with
more and more pollen-grains, found,* that even thirty grains
did not fertiliso a singlo sced 5 but when forty grains were
applied to the stigma, a fow seeds of small size were formed.
In the case of Mirabilis the pollen grains are extraordinarily
large, and the ovarinm contains only a single ovule; and
these circnmstances led Naudin®® to make the following
experiments: a flower was fertilised by three grains and
succeeded porfectly ; twelve flowers were fertilised by two
grains, and_seventeen flowers by a single grain, and of theso
ame 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 th peculiar formative matter which is
d within the and ius is an all-
important element in the act of ﬁ.rtlhmt.um. not only for
the full development of the seed, but for the vigour of the
plant produced from such seed. We see something of the
same kind in certain cases of parthenogenesis, that is, when

the male element is wholly

o Amialge da . Hnk, Bl iete,
1850, tom.
5 Transact, Phil fon 4 o
1%, 'ms, 210; 1853, pp. 24!
trage zur hnu—.

od by Sir J, Lubbock In
Review,’ 1862, p. 343,

excluded; for M. Jourdan'®

Weijenbergh also raised (‘Nature,’
Dect 31, 1471, e 149) two suceeeive
generations unimpregnat

males of another lel:m,.um. insect,

Lipart
t prod: ook

of theis fall mpmm of eggs, and.
of the eggs were worthless,
Moreover the caterpillars raised from
these unfertilised eggs * possessed fur:
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found that, out of about 53,000 eggs laid by unimpregnated
sillmoths, many passed throngh their carly embryonio
stages, showing that they were capable of self-development,
but only twenty-nine out of the whole number produced
caterpillars. The same principle of quantity seems to hold
good even in artificial fissiparons reproduction, for Haeckel't
found that by cutting the segmented and fertilised ova or
larvie of Siphonophore (jelly-fishes) into pieces, the smaller
the pieces were, the slower was the rate of development, and
the larvee thus produced were by so much the more imperfect

and inclined to monstrosity. It seems, therefore, probable ™

that with the separate sexual elements deficient quantity
of formative matter is the main cause of their not having
the capacity for prol existence and devel unless
they combine and thus increase each other’s bulk. ‘The belief
that it is the function of the spermatozoa to communicate
life to the ovule seems a strange one, seeing that the un-
impregnated ovule is already alive and generally undergoes
certain amount of independent development. ~Sexual and
asexual reproduction are thus seen not to differ essentially ;
and ‘we have already shown that asexual reproduction, the
power of re-growth and development are ull parts of one and
the same great law.

Re-growth of amputated parts.—This subject deserves a little
further discussion. A multitude of the lower animals and
some vertebrates possoss this wonderful power. For instance,
Spallanzani cut off the legs and tail of the same salamander six
times successively, and Bonnet,'® did so eight times; and on
each occasion the limbs were reproduced on the exact line of
amputation, with no part deficient or in excess. An allied
animal, the axolotl, had a limb bitten off, which was re-
produced in an abnormal condition, but when this was
itality” than those from ferti- 1% Spallanzani, ‘An Essay on Animal
eggs. In the third partheno- Reproduction,’ translated by Dr.
genetic generation not a single egg  Maty, 1769, p. 79. Bonnet, * (Euvres
yielded a caterpillar. 'Hist. Nat.,' tom. v., part i, 4to.

17 ¢ Entwickelungsgeschichte der  elit., 1781, pp. 343, 350,
Siphonophora,’ 1869, p. 73,

less vi
lised
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amputated it was replaced by a perfect limb}* The new
limbs in these cases bud forth, and are developed in the same
‘manner as during the regular development of a young animal.
For instance, with the Amblystoma lurida, three toes are first
developed, then the fourth, and on the hind-feet the fifth,
and so0 it is with a reproduced limb.*

The power of re-growth'is generally much greater during
the yonth of an animal or during the earlier stages of its de-
velopment than during maturity. The larvee or tadpoles of the
Batrachians are capable of reproducing lost members, but
not so the adults.*® Matnre insects have no power of re-
growth, excepting in one order, whilst the larvae of many kinds
have this power. Animals low in the scale are able, as a
general rule, to reproduce lost parts far more easily than those
which are more highly organised. The myriapods offer a good
illustration of this rule; but there are some strange ex-
ceptions to it—thus Nemerteans, though lowly organised, are
said to exhibit little power of re-growth. With the higher
vertebrata, such as birds and mammals, the power is extremely
limited,**

In the case of those animals which may be bisected or
chopped into pieces, and of which every fragment will
reproduce the whole, the power of re-growth must be diffused
thronghout the whole body. Nevertheless there scems to be
much truth in the view maintained by Prof. Lessona,* that
this capacity is generally a localised and special one, serving
to replace parts which are eminently liable to be lost in each
particular animal. The most striking case in favour of this
view, is that the terrestrial salamander, according to
cannot reproduce lost parts, whilst another species of the

Vulpian, as quoted by Piof, this member, it was asserted, had
l"-wn, *La Variailts des Enplcus’ . boen thrice reproduced; having been
b1 t, 1 pres time by disease,

# D, P, Hoy, Tha Amerlan Nata- Sir . Faget el
ralist,” Sept. 1871, p. some doubt. about the facts recorded
o Dr Gunther, o Owen's ¢ Ana- by Sir J. Simpson (* Monthly Journal

tomy of Vertebrates,' vol. i., 1866, p.
567. Spallanzani has made simi
observations.

= A thrush was exhibited before
the British Association at Hull, in
1858, which had lost its tarsus, and

of Medical Science,’ Edinburgh, 1848,
new series, vol. ii. p. 890) of the re.
growth of limba in the womb in the

ma
% At delln Soe Tta. i . N
vol. xi., 1869, p. 495,
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same genus, the o salamander, has i wers
of re-growth, as we have just seen; and this animal is
eminently liable to have its limbs, tail, eyes and jaws bitten
off by other tritons.** Kven with the aquatic salamander
the capacity is to a certain extent localised, for when M.
Philipeaux,® extirpated the entire fore limb together with
the scapula, the power of re-growth was completely lost. Tt
is also a remarkable fact, standing in opposition to a very
general rule, that the young of the aquatic salamander do not
possess the power of repairing their limbs in an equal degree
with the adults;*® but I do not know that they are more
active, or can otherwise better escape the loss of their limbs,
than the adults. ‘The walking-stick insect, Diapheromera
Jfemorata, like other insects of the same order, can reproduce
its legs in the mature state, and these from their great length
must be liable to be lost: but the capacity is localised (as in
the case of the salamander), for Dr. Scudder found,*” that if
the limb was removed within the trochanto-femoral articula-
tion, it was never renewed. When a crab is seized by one of
its legs, this is thrown off at the basal joint, being afterwards
replaced by a new leg; and it is generally admitted that this
is a special provision for the safety of the animal. Lastly,
with gasteropod molluscs, which are well known to have the
power of reproducing their heads, Lessona shows that they
are very liable to have their heads bitten off by fishes; the
rest of the body being protected by the shell. Fven with
plants we sce something of the same kind, for non-deciduous
Jeaves and young stems have no power of re-growth, thesc
parts being easily replaced by growth from new buds; whilst
the bark and subjacent tissues of the trunks of trees have
great power of re-growth, probably on acconnt of their increase
in diameter, and of their liability to injury from being
gnawed by animals.

2 Lessona states that this is soin v, p. 294, as quoted by Prof. Rolleston
the paper just referred to. Seealso  in his remarkable address o the 36ti

SThe American Naturalist, Sept.  annual meeting of the British Medical
Association.
s Rendus,” Oct. 1, 1866, “Proc.

Boston Soc. of Nat. Hist.,’
Z vol. xii., 1868-69, p. 1.
# Bonnet,  (Euvres Hist. Nat.,’ vol,
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Graft-hybrids—1t is well known from innumerable trials
made in all parts of the world, that buds may be inserted
into a stock, and that the plants thus raised are not affected
in a greater degree than can be accounted for by changed
nutrition. Nor do the seedlings raised from such inserted
buds partake of the character of the stock, though they are
more liable to vary than are scedlings from the sawe varicty
growing on its own roots. A bud, also, may sport into a new
and strongly-marked variety without any other bud on the
same plant being in the least degree affected. We may there-
fore infer, in accordance with the common view, that each
bud is a distinet individual, and that its formative elements
do not spread beyond the parts subsequently developed
from it. Nevertheless, we have seen in the abstract on
graft hybridisation in the eleventh chapter that buds certainly
include. formative matter, which can occasionally combine
with that included in the tissues of a distinct variety or
species; a plant intermediate between the two parent-forms
being thus produced. In the case of the potato we have seen
that the tubers produced from a bud of one kind inserted into
another are intermediate in colour, size, shape and state of
surface ; that the stems, foliage, and even certain constitutional
peculiarities, such as precocity, are likewise intermediate.
With these well-established cases, the evidence that graft-
hybrids have also been produced with the laburnum, orange,
vine, rose, &e., seems sufficient. But we do not know
under what conditions this rare form of reproduction is

- possible. From these several cases we learn the important
fact that formative elements capable of blending with those
of a distinct individual (and this is the chief character-
istic of sexual generation), are not confined to the repro-
ductive organs, but are presentin the buds and cellular tissue
of plants; and this is a fact of the highest physiological
importance.

Direct Action of the Male Element on the Female.—In
the eleventh chapter, abundant proofs were given that
foreign pollen occasionally affects in a direct manner the
mother-plant.  Thus, when Gallesio fertilised an orange-
flower with pollen from the lemon, the fruit bore stripes
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of perfectly characterised lemon-pecl. With peas, several
observers have seen the colour of the seed-coats and even
of the pod directly affected by the pollen of a distinct
variety. So it has been with the fruit of the apple, which
consists of the modified calyx and upper part of the flower-
stalk. In ordinary cases these parts are wholly formed by
the mother-plant.  We here see that the formative clements
included within the male element or pollen of one variety
can affect and hybridise, not the part which they are properly
adapted to affect, namely, the ovules, but the partially-developed
tissues of a distinet variety or species. We are thus brought
half-way towards a graft-hybrid, in which the formative
elements included within the tissues of one individual com=
bine with those included in the tissues of a distinct variety
or species, thus giving rise to a new and intermediate form,
independently of the male or female sexual organs.

With animals which do not breed until nearly mature, and
of which all the parts are then fully developed, it is hardly
possible that the male element should dircetly affect the
fomale. But we have the analogons and perfectly well-ascer-
tained case of the male element affecting (as with the
quagga and Lord Morton’s mare) the female or her ova, in
such a manner that when she is impregnated by another
male her offspring are affected and hybridised by the first
male. The explanation would be simple if the spermatozoa
could keep alive within the body of the female during the
long interval which has sometimes elapsed between the two

acts of impregnation; but no one will Supposs that this is
pumubln with the higher animals.

Development.—The fertilised germ reaches maturity by a
vast number of changes: these are either 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 extremes we have every gradation, even within
the same class; thus, as Sir J. Lubbock has shown,* there
is an Ephemerous insect which moults above twenty times,
undergoing each time a slight but decided change of structure ;
and these changes, as he further remarks, probably reveal to

# “Transact. Linn. Soc.,” vol. xxiv., 1863, p. 62.
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us the normal stages of development, which are concealed
and hurried through or suppressed in most other inseots.
In ordinary metamorphoses, the parts and organs appear to
become changed into the corresponding parts in the next
stage of development; but there is another form of develop-
ment, 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 precedent individual, perish and are
“cast off; they are not changed into the corresponding parts
“of the new individual. These are due to a new and distinet
“developmental process,” & Metamorphosis, however,
s0 into that the two pro-
cesses cannot be distinetly separated. For instance, in the
last change which Cirripedes undergo, the alimentary canal
and some other organs are moulded on pre-existing parts ;
but the eyes of the old and the young animal are developed
in entively different parts of the body ; the tips of the mature
limbs are formed within the larval limbs, and may be said
to be metamorphosed from them; but their basal portions
and the whole thorax are developed in a plane at right angles
to the larval limbs and thorax; and this may be called
metagenesis. The metagenetic process is carried to an ex-
treme point in the development of some Echinoderms, for
the animal in the second stage of development is formed
almost like a bud within the animal of the first stage,
the latter being then cast off like an old vestment, yet
sometimes maintaining for a short period an independent
vitality.?
If, instead of a mngle individual, several were to be thus
within a p g form, the
process would bo called one of alternate generation. The
young thus developed may either closely resemble the encasing

¢ Parthenogenesis,” 1849, pp. 25,
26, Prof. Huxley has some excellent
remarks (‘ Medical Times,’ 1856, p.
637) on_ this subject in reference to
the development of star-fishes, and
shows how curiously metamorphosis

graduates into gemmation or zoid-
formation, which is in fact the same
as metagenesis.

rof. J. Reay Greene, in Giin-
mm ‘Rewrd of Zoolog. Lit.,” 1865,
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parent-form, as with the larvee of Cecidomyia, or may differ
to an astonishing degree, as with many parasitic worms and
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 as a new and independent growth, The absolute
independence of new and old structures, although corre-
sponding in structure and fanction, is still more obvious when
several individuals are formed within a previous form, as in
the cases of alternate generation. The same important prin-
ciple probably comes largely into play even in the case of
apparently continuons growih, as we shall seo when we con-
sider the inheritance of at ages.

We are led to the same conclusion, namely, the independ-
ence of parts successively developed, by another and quite
distinet group of facts. It is well known that many animals
belonging to the same order, and therefore not differing widely
from each other, pass through an extremely different course
of development. Thus certain beetles, not in any way re-
markably different from others of the same order, undergo
what has been called a hyper-metamorphosis—that is, they
pass through an early stage wholly different from the ordinary
grublike larva, In the same sub-order of crabs, namely, the
Macroura, as Fritz 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 Pencus under the
Nauplius-form ; and how wonderfully these larval forms differ
from one another, 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

» Fritz Miller's <Fir Darwin  Not.! 2ad serion Zoologe fom. i -

5, 71. The highest the difference in the meta
iy on crostacesas, Bro, Milne-  morphaia of closely-alled gaate
Edwards, insists (‘Anal. des Sci.

B
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middle of their development are widely different from one
another.  Still more striking cases could be given with
respect to the Echinodermata. With the Medusw or jelly-
fishes Professor Allman observes, * The classification of the
«Hydroida would be a comparatively simple task if, as has
*“ been asserted, ically-identical i
*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
“ Hydroide any phase, planuloid, polypoid, or medusoid, may
“be absent.” 3

According to the belief now generally accepted by our best
naturalists, all the members of the same order or class, for
instance, the Meduse or the Macrourous crustaceans, are
descended from a common progenitor. During their descent
they have diverged much in structure, but have retained
much in common; and this has occurred, though they have
passed through and still pass through marvellously different
metamorphoses. This fact well illustrates how independent
each structure is from that which precedes and that which
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 one another. Each organ, says Claude
Bernard,* has its proper life, its autonomy ; it can develop
and itself ind dently of the adjoining tissues,

A great German authority, Virchow,* asserts still more

emphatically that each system consists of an “enormous

“ mass of minute centres of action. . . . . Every element has
. *its own special action, and even though it derive its stimulus

“to activity from other parts, yet alone effects the actual

« performance of duties. . . . . Every single epithelial and

3 Prof. Allman, in *Annals and by Sars.
Mag. of Nat. Hist.,' 8rd series, vol. < Tissus Vivants,’ 1866, p. 22.

i 3 ¢ Cellular Pathology,” translat.
by Dr. Chance, 1860, pp. 14, 18, 83,
4650,

ibid i
also p. 858 for analogous statements
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“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 element, as Sir J. Paget remarks, lives its
appointed time and then dies, and is replaced after being
cast off or absorbed.% T presume that no physiologist doubts
that, for instance, each bome-corpuscle of the finger differs
from the corresponding corpuscle in the corresponding joint
of the toe; and there can hardly be a doubt that even those
on the corresponding sides of the body differ, though almost
identical in nature, This near approach to identity is
curiously shown in many diseases in which the same exact
points on the, right and left sides of the body are similarly
affected ; thus Sir J. 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
18 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-corpuscle or a single coll in the skin may become
diseased. The spur of a cock, after being inserted into the
ear of an ox, lived for eight years. and acquired a weight of
396 grammes (nearly fourteen ounces), and the astonishing
length of twenty-four centimetres, or about nine inches ; so
that the head of the ox appeared to bear three horns.3  The
tail of a pig has been grafted into the middle of its back, and
reacquired sensibility. Dr. Ollier® inserted a piece of perios-
teum from the bone of a young dog under the skin of a rabbit,
and true bone was developed. A multitude of similir facts
could be given. 'I'he frequent presence of hairs and of per-
fectly develnpud teeth, even teeth of the second dentition, in
ovarian tumours.* are facts leading to the same conclusion.

B Paget, S rgical Pathology,” des On’
14, # Lidore? Geoffroy _Saint-Hilaire,

See antegazza's interest-
S fagwork, et innest] Al .
2 Il ilano, 1865, p. 51,

o Broduction Artificielle

o Pathology of
hmnm of the Ovnnu, 1874, pp. 61,
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Mr. Lawson Tait refers to a tumour in which “over 300
teeth were found, resembling in many respeets milk-tecth ;”
and to another tumour, “ full of hair which had grown and
“been shed from one little spot of skin not bigger than the tip
«of my little finger. The amount of hair in the sac, had it
“grown from a similarly sized area of the scalp, would have
“ taken almost a lifetime to grow and be shed.”

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 cell-like bodies without walls and without
nuclei.* The doctrine of omnis cellula e cellul is admitted
for plants, and widely provails with respect. to animals.4t
Thus Virchow, the great supporter of the cellular theory,
whilst allowing that diffienlties exist, maintains that every
atom of tissue is derived from—cells, and these from pre-
existing cells, and these primarily from the egg, which he
regards as a great cell. That cells, still retaining the same
nature, increase by self-division or proliferation, is admitted
by every ome. But when an organism undergoes great
changes of structure during development, the cells, which at
each stage are supposed to be directly derived from previously
existing cells, must likewise be greatly changed in nature
this change is attributed by the supporters of the cellular

" doctrine to some inherent power which the cells possess,
and not to any external agency. Others maintain that cells
and tissues of all kinds may be formed, independently of pre-
existing cells, from plastic lymph or blastema. Whichever
view may be correct, every one admits that the body consists
of & multitude of organic units, all of which possess their
own proper attributes, and are to a certain extent independent
of all others. Hence it will be convenient to use indifferently
the terms cells or organic units, or simply units.

Variability and Inheritance.—We have seen in the twenty-
second chapter that variability is not a principle co-ordinate
with life or reproductiou, but results from special causes,

“ For the rost resent clewifiniont 4 Ir. Present
of cells, see Erost “Generelle  Aspeet
Morpholog.’ Band i l8bb 4275, burgh Medical Journal,’ Ayrl, 1808,
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generally from changed conditions acting during successive

] bility thus induced is ap-
parently due in part to the sexual system being easily affected,
50 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 in the cases of bud-variation.
Although we are seldom able to trace the nature of the con-
nection, many deviations of structure no doubt result from
changed conditions acting directly on the organisation, in-
dependently of the reproductive system. In some instances
we may feel sure of this, when all, or nearly all the individuals
which have been similarly exposed are similarly and defi-
nitely affected, of which several instances have been given.
But it is by no means clear why the offspring should be
affected by the exposure of the parents to new conditions,
and why it is necessary in most cases that several generations
should have been thus exposed.

How, again, can we explain 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 limb-bones
have become diminished and increased in a corresponding
manner in comparison with those of the wild duck. A
horse is tmmed to certain paces, and the colt inherits similar

The d i rabbit  becomes
tame from close confinement; the dog, intelligent from
associating with man ; the retriever is taught to fetch and
carry ; and these mental endowments and bodily powers are
all inherited. Nothing in the whole circuit 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 charae-
ters of either one or both parents ? Even an imperfect answer
o this question would be satisfactory.

In the chapters devoted to inheritance it was shown that a
multitude of newly-acquired characters, whether injurious or
beneficial, whether of the lowest or highest vital importauce,
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are often faithfully transmitted—frequently even when one
parent alone possesses some new peculiarity; and we may
on the whole conclude that inheritance is the rule, and
non-inheritance the anomaly. In some instances a character
is mot 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
progenitors, instead of its parents.

TInheritance is governed by various laws. Characters which
first appear at any particular age tend to reappear at a corre-
sponding age. They often become associated with certain
scasons of the year, and reappear in the offspring at a corre-
sponding season. If they appear rather late in life in one sex,
they tend to reappear exclusively in the same sex at the
same period of life.

The principle of reversion, recently alluded to, is one of
the most wonderful of 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 are even istic, for each acts al ly in suc-
cessive generations. Reversion is not,a rare event, depending
on some unusual or ination of ci
but occurs so regularly with crossed animals and plants, and
so frequently with wncrossed breeds, that it is evidently an
essential part of the principle of inheritance. We know that
changed conditions have the power of evoking long-lost
characters, as in the case of animals becoming feral. 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 thou-
sands of generations, should suddenly reappear perfectly
developed, as in the case of pigeons and fowls, both when
purely bred and especially when crossed ; or as with the
zebrine stripes on dun-coloured horses, and other such cases ?
Many monstrosities come under this same head, as when
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rudimentary organs are redeveloped, or when an organ which
we must believe was possessed by an early progenitor of the
species, but of which not even a rudiment is left, suddenly
reappears, as with the fifth stamen in some Scrophulariaces.
We have already seen that reversion acts in bud-reproduction ;
and we know that it occasionally acts during the growth of
the same individual animal, especially, but not ively, if
of crossed parentage,—as in the rare cases described of fowls,
pigeons, cattle, and rabbits, which have reverted to the colours
of one of their parents or ancestors as they advanced in years.

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 the secondary characters of the
opposite sex lie latent and ready to be evolved when theé
reproductive organs are injured. This comparison of the
secondary sexual characters which lie latent in both sexes,
with other latent characters, is the more appropriate from
the caso recorded of a 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 re-
development of latent characters of both kinds. In every
living creature we may feel assured that a host of long-lost
characters lie ready to bo evolved under proper conditions.
How can we make intelligible and connect with other facts,
this wonderful and common capacity of reversion, — this
power of calling back to life long-lost characters ?

Parr IL

1 have now enumerated the chief facts which every one
would desire to see connected by some intelligible bond. This
can be done, if we make the following assumptions, and
much may be advanced in favour of the chief one. The
secondary assumptions can likewise be supported by various

hysiologi iderati It is uni ly admitted that
the cells or units of the body increase by self-division or
proliferation, retaining the samo nature, and that they
ultimately become converted into the various tissues and

VOL. 1L 2B
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substances of the body. But besides this means of increase
I assume that the units throw off minute granules which
are dispersed thronghout the whole system; that these, when
supplied with proper nutriment, multiply by self-division,
and are ultimately developed into units like those from which
they were originally derived. These granules may be called
gemmules, They are collected from all parts of the system
10 constitute the sexual elements, and their development in
the next generation forms a new being; but they are like-
wise capable of transmission in a dormant state to fture
generations and may then be developed.  Their development
depends on their union with other partially developed or
nascent cells which precede them in the regular course of
growth. Why I use the term union, will be seen when we
discuss the direct action of pollen on the tissues of the mother-
plant. Gemmules are supposed to be thrown off by every unit,
uot only during the adult state, but during each stage of
development of every organism; but not necossarily during
the continued existence of the same unit. Lastly, I assume
that the gemmules in their dormant state have a mutual
affinity for each other, leading to their aggregation into buds
orinto the sexual elements. Hence, it is not the reproduc-
tive, organs or buds which generate new organisms, but the
units of which each individual is composed. 'I'iese assump-
tions constitute the provisional hypothesis which I have called
Pangenesis.  Views in many respects similar have been pro-
pounded by various authors,**

“ Mr. G. H. Lewes (Fortnightly  tially different. Bonnet (*Euvres
Review,' Nov. 1, 1868, p. 506) remarks  d'Hist. Nat.’ tom. v., part i., 1781,
on the number of writers who have 4to edit, . 34) speaks of the limbe

for the

mltwm-uldu{-n ago Aristotle
combated a view of this kind, which,
as 1 hear from Dr. W. Ogle, was
held by Hippocrates and others. ' Ray,
in his ‘Wisdom of God” (20d edit.,
1692, p. 68), says that “every

“ of the boly seems to cls

329, 333, 420, 425) at fint
sight 10 be the s/ the Gl

igenesis : but a reviewer (* Jg
of my hypothesis, but they are essen-

of C
ol o Aat. aad Phyers May, 1
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Before procecding to show, firstly, how far these assnmp-
tions are in themselves probable, and secondly, how far they
conneet and explain the various groups of facts with which
we are concerned, it may be useful to give an illustration, as
simple as possible, of the hypothesis. If one of the Protozoa be
formed, as it appears under the microscope, of a small mass of
homogeneous gelatinous matter, a minute particle or gemmule
thrown off from any part and mourished under favourable
circumstances would reproduce the whole; but if the upper
and lower surfaces were to differ in texture from each other
and from the central portion, then all three parts would have
to throw off gemmules, which when aggregated by mutual
affinity would form either buds or the sexual elements, and
would ultimately be developed into a similar organism.
Precisely the same view may be extended to one of the
higher animals; although in this case many thousand
gemmules must be thrown off from the various parts of the
body at each stage of development; these gemmules being
developed in union with pre-existing nascent cells in due
order of succession.

Physiologists maintain, as we have seen, that each unit of
the body, though to a large extent dependent on others, is

« likewise to a certain extent independent or antonomous, and
has the power of increasing by self-division. I go one step
further, and ussume that each unit casts off free gemmules
which are dispersed thronghout the system, and are capable
under proper conditions of being developed into similar units.
Nor can this be idered as i and
improbable. It is manifest that the sexual elements and buds
include formative matter of some kind, capable of develop-
ment ; and we now know from the production of graft-hybrids
that similar matter is dispersed throughout the tissues of

p. 441) shows how different they  Lastly, it appears from a review of
really are. 1 formerly thought that m present. work by Pr nte-
I ok ruiclogica uie” of Hechort gassn (. Nuora: Antalogiay Maggia®
g ﬂpncrr( Principles of Bology, vol 56y, chat he Gin m- * Elementi di

i, cha Igiene, Ediz. 540) clearly
o the my gzmmules, e it of pangenesis,
ow that this s not ths cae.
282
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plants, and can combine with that of another and distinct
plant, giving rise to a new being, intermediate in character.
“We know also that the male element can act directly on the
partially ped tissues of the mother-plant, and on the
fature progeny of female animals. The formative matter
which is thus dispersed thronghout the tissues of plants,
and which is capable of being developed into each unit or
part, must be generated there by some means; and my chief
assumption is that this matter consists of minute pm'ticlel
or gemmules cast off from each wnit or cell.*
But 1 have further toassume that the gemmaules in their un-
developed state are capable of largely multiplying themselves

by self-di , like i Delpino insists
that to * admit of multiplication by fissiparity in
« analogous to sceds or buds . . . is repugnant to all analogy.”

But this seems a_strange objection, as Thuret * has seen the
zoospore of an alga divide itself, and each half germinated.
Haeckel divided the segmented ovum of a siphonophora into
many pieces, and these were developed.. Nor does the extreme
‘minuteness of the gemmules, which can hardly differ much in
nature from the lowest and simplest organisms, render it
improbable that they should grow and multiply. A great
authority, Dr. Beale,® says *that minute yeast cells are
* capable of throwing off buds or gemmules, much less than
“ the 1y of an inch in diameter;” and these he thinks are
capable of subdivision practically ad infinitum.”

A particle of small-pox matter, so minute as to be borne by
the wind, must multiply itself many thousandfold in a person.
thus inoculated ; and so with the contagious matter of scarlet
fover It has recently been ascertained ¥’ that a minute
portion of the mucous discharge from an animal affected with

4 Mr. Lowne has observed (* Jour-

“ ¢Annales des Sc. Nat,' 8rd
nal of Queckett Microscopical Club,’

R R

Sept. 23, 1870) certain remarkable
changes in the tissues of the larva of
kes him believe “it
t organs and organisms
ars sometimes developed by the
“ aggregation of excessively min
“ gemmules, such as those which M.
“ Darwin's hypothesis demands.”

isease Gerr
“ See some very mmmmg rapens |
s ject by Dr. Beale, in
¢ Medical Times and Gazette, Sept.
9th, 1865, pp. 273, 330.

# Third Report of the R. Comm.
o th Gattla Plagon, 46 qaotad i
€Gard. Chronicle,” 1866, p.
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rinderpest, if placed in the blood of a healthy ox, increases
8o fast that in a short space of time “the whole 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 gemmules in the
same body from. early youth to old age will appear improb-
able, but we should remember how long seeds lie dormant in
the earth and buds in the bark of a tree. Their transmission
from generation to generation will appear still more improb-
able; but here again we should remember that many rudimen-
tary and useless organs have been transmitted during an
indefinito number of generations.  We slnll preaently seo
how well the long:
gemmules explains many facts.
~ As each unit, or group of similar units, thronghout the
Dody, casts off its gemmules, and as all are contained within
(bo smallest ovule, and within each spermatozoon or pollen-

and as some animals and plants produce an astonishing
number of pollen-grains and nvulu," \‘.Iw nnmbex and minute-
ness of the must be ivable. But
considering how minute the molecules are, and how many
£0 to the formation of the smallest granule of any ordinary
substance, this difficulty with respect to the gemmaules is not
insuperable. From the data arrived at by Sir W. Thomson,
my son George finds that a cube of |5}y of an inch of glass
or water must consist of between 16 million millions, and 131
thousand million million molecules. No doubt the molecules
of which an organism is formed are larger, from being more
complex, than those of an inorganic substance, and probably

# My. ¥, Buckland found 6,867,840 seeds in u capsule of an Acroperas

in & cod-fish (* Land and w.m. and found the number to be 371,250,
An Ascaris N 3! se
v

genus, Gongora, Mr. has seen
twenty capsules produced on a single
raceme; ten such racemes

Acropera would yield above seventy=
Tour millions of

© The Complete Work of Charles Darwin Online



374 PROVISIONAL HYPOTHESIS Cuar. XXVIL

many molecules go to the formation of a gemmule; butwhen we
bear in mind that a cube of 1g}gy of an inch is much smaller
than any pollen-grain, ovule or bud, we can see what a vast
number of gemmules one of these bodies might contain.

The gemmaules derived from each part or organ must be
thoroughly dispersed throughout the whole system. We know,
for instance, that even a minute fragment of a leaf of a
Begonia will reproduce the whole plant; and that if a fresh-
water worm is chopped into small pieces, each will reproduce
the whole animal. Considering also the minuteness of the
gemmules and the permeability of all organic tissues, the
thorough di; ion of the les is not i That
matter may be readily transferred without the aid of vessels
from part to part of the body, we have a good instance in a
case recorded by Sir J. Paget of a lady, whose hair lost its
colourat each successive attack of neuralgia and recovered it
again in the course of a few days. With plants, however,
and probably with compound animals, such as corals, the
gemmules do not ordinarily spread from bud to bud, but are
confined to the parts developed from each separate bud ; and
of this fact no explanation can be given.

The assumed elective affinity of each gemmule for that par-
ticular cell which precedes it in due order of development is
supported by many analogies. In all ordinary cases of sexual
reproduction, the male and female elements certainly have a
mutual aflinity for each other: thus, it is believed that about
ten thousand species of Composite exist, and there can be no
doubt that if the pollen of all these species could be simul-
taneously 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 acquired since the many species
of this great group of plants branched off from a common
progenitor. On any view of the nature of sexual repro-
duction, the formative matter of each part contained within
the ovules and the male element act on cach other by some law.
of special affinity, so that corresponding parts affect one
another; thus, a calf produced from a short-horned cow by a
long-horned bull has its horns affected by the union of the
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two forms, and the offspring from two birds with differently
colonred tails have their tails affected.

“The various tissues of the lody 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
curare affecting certain nerves; Lytta vesicatoria the kidneys ;
and the poisonous matter of various diseases, as small-pox,
searlet-fever, hooping-congh, glanders, and hydrophobia,
affecting certain definite parts of the body.

It has also been assumed that the development of each
gemmule depends on its union with another cell or unit
which has just commenced its development, and which pre-
cedes it in due order of growth. That the formative matter
within the pollen of plants, which by our hypothesis consists of
gemmules, can unite with and modify the partially developed
cells of the mother-plant, we have clearly seen in the section
devoted to this subject. As the tissues of plants are formed, as
far as is known, only by the proliferation of pre-existing cells,
we must conclude that the gemmules derived from the
foreign pollen do not become developed into new and separate
calls, but penetrate and modify the nascent cells of the mother-
plant. This process may be compared with what takes place
in the act of ordinary fertilisation, during which the contents
of the pollen-tubes penetrate the closed embryonic sac
within the ovule, and determine the development of the
embryo. According to this view, the cells of the mother-
plant may almost literally be said to be fertilised by the
gemmules derived from ‘the foreign pollen. In this case and
in all others the proper gemmules must combine in due order
with pre-existing nascent cells, owing to their elective affi-
nities. A slight difference in nature between the gemmules
and the nascent cells would be far from interfering with
their mutual union and development, for we well know in
the case of ordinary reproduction that such slight differentia-

-  Lectures on Pathology,”  Tissus Vivants, pp. 177, 210, 397 ;

BN Vi, Cullalar Patho- Mullr's *Physilogy, Eng. trnslat,
aslat, by Dr. Chance, pp. . 200,

195, 126, 204 Cluude Boruard,
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tion in the sexual eléments favours in a marked manner their
union and subsequent development, as well as the vigour of
the offspring thus produced

Thus far we have been able by the aid of our hypothesis
to throw some obscure light on the problems which have
come before us; but it must be confessed that many points
remain altogether doubtful. Thus it is useless to specu-
late at what period of development cach unit of the body
casts off its gemmules, as the whole subject of the develop-
ment of the various tissues is as yet far from clear. We

“ do not know whether the gemmules are merely collected by
some unknown means at certain seasons within the reproduc-
tive organs, or whether after being thus collected they rapidly
multiply there, as the flow of blood to these organs at each
breeding scason seems to render probable. Nor do we know
why the gemmules collect to form buds in certain definite
places, leading to the symmetrical growth of trees and corals.
We have no means of deciding whether the ordinary wear
and tear of the tissues is made good by means of gemmules,
or merely by the proliferation of pre-existing cells, If
the gemmules are thus consumed, as seems probable from
the intimate connection between the repair of waste, re-
growth, and development, and more especially from the
periodical changes which many male animals undergo in
colour and structure, then some light would be thrown on
the phenomena of old age, with its lessened power of re-
production and of the repair of injuries, and on the obscure
subject of longevity. The fact of castrated animals, which
do not cast off innumerable gemmules in the act of reprodue-
tion, not being longer-lived than perfect males, scems opposed
to the belief that gemmules are consumed in the ordinary
repair of wasted tissues; unless indeed the gemmules after
being collected in small numbers within the reproductive
organs are there largely multiplied.5

That the same cells or units may live for a long period and

® Prof. Ray Lankester has dis- parative Longevity in Man and the
cussed several of the points here Lower Auimals 1870, pp. 33, 77,

.

Tefured to as bearing on paageatsi,
in his interesting essay, ‘On Co
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continue multiplying without being modified by their union
with free gemmaules of any kind, is probable from such cases
as that of the spur of a cock which grew to an enormous size
when grafted into the ear of an ox. How far units are
modified during their normal growth by absorbing peculiar

from the ing tissues, of
their union with gemmules of a distinct nature, is another
doubtful point' We shall appreciate this difficulty by
calling to mind what complex yet symmetrical growths the
cells of plants yield when inoculated by the poison of a
gall-insect.  With animals various polypoid excrescences and
tumours are generally admitted ** to be the direct product,
through proliferation, of normal cells which have become
abnormal. 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 d by a direct into
BERe ccntinue as auch ; or. they ey fimst, balotevessied inky
“osseous and then into medullary tissue; or lastly, they may
“first be converted into marrow and then into bome. So
“variable are the permutations of these tissues, in themselves
“s0 nearly allied, and yet in their external appearance so
“completely distinct.” But as these tissues thus change
their nature at any age, without any obvious change in their
nutrition, 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.

We have good reason to believe that several gemmules are
requisite for the development of one :nd the same unit or
cell; for we cannot oth d the i i
of a single or even of two or three pollen-grains or sper-
matozoa. But weare far from knowing whether the gemmules
of all the units are free and separate from one another, or
whether some are from the first united into small aggregates.

Ross refers to this subject  trans. by Dr. Chaver, 1860, pp. 60,
th‘GnR'nanry of Disease, 1872, 162, 245 441, 454, s
P53,  Thid,, pp. 413-426,

# Virchow, ¢ Cellular Pathology,’
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A feather, for instance, is a complex structure, and, as cach
separate part is linblo to inherited variations, I conclude that
each feather generates a large number of gemmules; but it
is possible that these may be aggregated intoa compound
gemmule. The same remark applies o the petals of flowers,
which are sometimes highly complex structures, with each
ridge and hollow contrived for a special purpose, so that
each paré must have been soparately modified, and tho
separate
according to onr hypoﬂwus. must have been thrown off from
each cell or unit. But, as wo sometimes see half an anther
or @ small portion of a filament becoming petali-form, 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 coll are not aggregated together into a compound
gemmule, but are free and separate. Even in so simple a
case as that of a perfect cell, with its protoplasmic contents,
nuclous, nucleolus, and walls, ve do not know whether or
not its devel depends on a compound gemmule derived
from cach part.t

Having now endeavoured to show that the several fore-
going assumptions are to a certain extent supported by analo-
gous facts, and having alluded to some of the most doubtful
points, we will consider how far the hypothesis brings under
a single point of view the various cases enumerated in the
First Part. All the forms of reproduction graduate into one
another 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 reversions of the same
kind ; and as, according to our hypothesis, all the forms of re-
production depend on the aggregation of gemmules derived
from the whole body, we can understand this remarkable
agreement. Parthenogenesis is no longer wonderful, and if
we did not know that great good followed from the union of
the sexual elements derived from two distinet individuals, the

S some good critssms n this  Lewss n the Fortuightly Review?
head by Delpino, and by Mr. G. H.  Nov. 1, 1868, p. 5
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wonder would be that parthenogenesis did not occur much

oftener than it does.
the formation of graft-hy

On any ordinary theory of reproduction
rids, and the action of the male

element on the tissues of the mother- -plant, as well as on the
futuro progeny of female animals, aro great anomalies; but

they are i on our

organs do mot actually create the sexual elements ;

n The rep
they

merely determine the aggregation and perhaps the multipli-

cation of the gemmules in a special manner.

These organs,

however, together with their accessory parts, have high
functions to perform. They adapt one or both elements for _
independent temporary existence, and for mutual vnion. The
stigmatic secretion acts on the pollen of a plant of the same
species in a wholly different manner to what it does on
the pollen of one belonging w a distinct o or family.

of the C

wmplcx structures, which were formerly it para-
sitic worms; and the spermatozoa of some animals possess
attributes which, if observed in an independent animal, would
be put down to instinct guided by sense-organs,—as when
the spermatozoa of an insect find their way into the minute

micropyle of the egg.

The antagonism which has long been observed,* with
certain exceptions, between growth and the power of sexual
reproduction *—between the repair of injuries and gemma-
tion—and with plants, between rapid increase by buds,
thizomes, &c., and the production of seed, is partly explained
by the gemmules not existing in sufficient numbers for these
processes to be carried on simultaneously.

8 Mr. Herbert Spencer (Princi-

:1'1' of Biology.” vol. ii. p. 430) has
ly discussed this antagoniem.

The male salmon is known to

e 1t o vy arly age The

iredon, whilst retaining

tur larval branchiw, according to

and Duméril (‘Annals and

lq,. of Nat. Hist.,’ 3rd series, 1866,

m capable of npml-.mam

A iy reontly (* Monats-

t Akad, Wiss. Berlin,” Feb. 2ud,

W) observed the surprising case

of & medusa, with its reproductive
organs active,
budding a widely different form of
medusa; and this latter also has the
Jarer of sesual roproduction. Kroht
as shown (‘Anoals and Mag. of
Nat. Hist.,’ 3rd series, vol. xix., 1862,
p- 6) that certain other

whilst sexually mature, proj

Ty gemme, S, e, Kolliker,
*Morphologie und Entwickelungsge-
schichte des Pennatulidenstammes,”
1872, p. 12
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Hardly any fact in physiology is more wonderful than the
power of re-growth; for instance, that a snail should be able
to reproduce its head, or a salamander its eyes, tail, and legs,
exactly at the points where they have been cut off. Such
cases are explained by the presence of gemmules derived from
each part, and disseminated throughout the body. 1 have
heard the process compared with that of the repair of the
broken angles of a erystal by re-crystallisation ; and the two
processes have this much in common, that in the one case
the polarity of the moleculesis the efficient cause, and in the
other the affinity of the gemmules for particular nascent cells.
But we have here to enconnter two objections which apply
not only to the re-growth of a part, or of a bisected individual,
but to fissiparous generation and budding. The first objection
is that the part which is reproduced is in the same stage of
development as that of the being which has been operated on
or bisected; and in the case of buds, that the new beings thus
produced are in the same stage as that of the budding parent.
Thus a mature salamander, of which the tail has been cut
off, does mot reproduce a larval tail; and a crab does not
reproduce a larval leg. In the case of budding it was'
shown in the first part of this chapter that the new being
thus produced does not retrograde in development,—that
is, does mot pass throngh those carlier stages, which the
fertilised germ has to pass through. Nevertheless, the organ-
isms operated on or multiplying themselves by buds must,
by our hypothesis, include innumerable gemmules derived
from every part or unit of the earlier stages of development ;
and why do not sucli wemmules reproduce the amputated
part or the whole body at a corresponding early stage of
development ?

The second objection, which has been insisted on by Delpino,
is that the tissues, for instance, of a mature salamander or crab,
of which a limb has been removed, are already differentiated
and have passed through their whole course of development;
and how can such tissues in accordance with our hypothesis
attract and combine with the gemmules of the part which is
to be reproduced ? In answer to these two objections we must
bear in mind the evidence which has been advanced, showing
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that at least in a large number of cases the power of re-growth
is a localised faculty, acquired for the sake of repairing special
injuries to which each particular creature is liable; and in
the case of buds or fissiparous generation, for the sake of
quickly multiplying the organism at a period of life when it
can be supported in large numbers. These considerations
lead us to believe that in all such cases a stock of nascent cells
or of partially developed gemmules are retainel for this
special purpose either locally or throughout the body, ready
to combine with the gemmules derived from the cells which
come next in due succession. If this be admitted we have a
sufficient answer to the above two objections. Anyhow, pan-
genesis seems to throw a considerable amount of light on the
wonderful power of re-growth.

It follows, also, from the view just given, that the sexual
elements differ from buds in not including nascent cells or
gemmules in a somewhat advanced stage of development, so
that only the gemmules belonging to the earliest stages are
first developed. As young animals and those which stand
low in the scale generally have a much greater capacity for
re-growth than older and higher animals, it would also appear
that they retain cells in a nascent state, or partially developed
gemmules, more readily than do animals which have already
passed through a long series of developmental changes. I
‘may here add that althongh ovules can be detected in most
or all female animals at an extremely early age, there is no
reason to doubt that gemmules derived from parts modified
during maturity can pass into the ovules.

With respect to hybridism, pangenesis agrees well with
most of the ascertained facts. 'We must believe, as pre-
viously shown, that several gemmules are requisite for
the development of each cell or unit. But from the occur-
rence of parthenogenesis, more especially from those cases
in which an embryo is only partially formed, we may infer
that the female element generally includes gemmaules in nearly
sufficient number for independent development, so that when
united with the male element the gemmules are superabun-
dant. Now, when two species or races are crossed reciprocally,
the offispring do not commonly differ, and this shows that the
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sexnal elements agree in power, in accordance with the view
that both include the same gemmules. Hybrids and mongrels
are also generally intermediate in character between the two
parent-forms, yet 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 difficult to under-
stand on the admission that the gemmules in the fertilised
germ are superabundant in number, and that those derived
from one parent may 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 either parent in stripes or blotches; and this occurs in
the first generation, or through reversion in succeeding bud
and seminal generations, of which fact several instances were
given in the cleventh chapter. In these cases we must
follow Naudin,*” and admit that the  essence” or  element
of the two species,—terms which I 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 fifteenth chapter
the incompatibility of certain characters to unite, for believing
in such mutual affinity. When two forms are crossed, one
is not rarely fonnd to be prepotent in the transmission of
its characters over the other; and this we can explain by
again assuming that the one form has some advantage over
the other in the number, vigour, or affinity of its gemmules.
In some cases, however, certain characters are present in the
one form and latent in the other; for instance, there is a
latent tendency in all pigeons to become blue, and, when a
blue pigeon is crossed with one of any other colour, the biue
tint is generally prepotent. The explanation of this form of
prepotency will be obvious when we come to the considera-
tion of Reversion.

When two distinct species are crossed, it is notorious that
they do not yield the full or proper number of offspring ;
and we can only say on this head that, as the development.
of each organism depends on such nicely-balanced affinities

3 o his excelent discusion on this subject in ¢ Nowvelles Archives du
Muséum,’ tom. 1. p. 1
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between a host of gemmnules and nascent cells, we need not
feel at all surprised that the commixture of gemmules derived
from two distinct species should lead to partial or complete
failure of development. With respect to the sterility of *
hybrids produced from the union of two distinet species, it
was shown in the nineteenth chapter that this depends ex-
clusively on the reproductive organs being specially affected ;
but why these organs should be thus affected we do mot
know, any more than why unnatural conditions of life,
though compatible with health, should cause sterility; o
why inued close interh ing, or the illegiti unions
of heterostyled plants, induce the same result. The con-
clusion that the reproductive organs alone are affected, and
not the whole organisation, agrees perfectly with the un-
impaired 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
gemmules, which become aggregated into buds, but fail to
become aggregated within the reproductive organs, so as -
to form the sexual elements. In a similar manner many
plants, when placed under unnatural conditions, fail to
produce sced, but can_ readily be propagated by buds, We
shall presently sce that pangenesis agrees well with the
strong tendency to reversion exhibited by all crossed animals
and plants,

Each organism reaches maturity through a longer or
shorter course of growth and development: the former term
being confined to mere increase of size, and development
to changed structure. The changes may be small and
insensibly slow, as when a child grows into a man, or many,
abrupt, and slight, as in the metamorphoses of certain
ephemerous insects, or, again, few and strongly-marked, as
with most other insccts. Each newly formed part may be
moulded within a previously existing and corresponding
part, and in this case it will appear, fulsely as 1 believe, to
be developed from the old part; or it may be formed within
a distinet 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
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that allied organic beings in the course of their metamorphoses
sometimes attain mearly the sawe structure after passing
through widely different forms; or conversely, after passing
through nearly the same early forms, arrive at widely different
mature forms. In these cases it is very difficult to accept
the common view that the first-formed cells or units possess
the inherent power, independently of any external agency, of
producing new structures wholly different in form, position,
and fonction. But all these cases become plain on the
hypothesis of pangenesis. The units, during each stage of
throw off which, iplying, are
transmitted to the offspring. In the offspring, as soon as
any particular cell or unit becomes partially developed, it
unites with (or, to speak metaphorically, is fertilised by) the
gemmule of the next succeeding cell, and so onwards. But
organisms have often been subjected to changed conditions
of life at a certain stage of their development, and in
consequence have been slightly modified ; and the gemmaules
cast off from such modified parts will tend to reproduce parts
modified in the same manner. This process may be repeated
until the structure of the part becomes greatly changed at
ome particular stage of development, but this will not ne-
cessarily affect other parts, whether previously or subsequently
formed. In this manner we can understand the remarkable
independence of structure in the successive metamorphoses,
and especially in the i of many animals,
In the case, however, of diseases which supervene during old
age, subsequently to the ordinary period of procreation, and
which, nevertheless, are sometimes inherited, as occurs with
brain and heart complaints, we must suppose that the organs
were affected at an carly age and threw off at this period
affected gemmules; but that the affection became visible or
injurious only after the prolonged growth, in the strict sense
of the word, of the part. In all the changes of structure
which regularly supervene during old age, we probably seo
the effects of deteriorated growth, and not of true develop-
ment.
The principle of the independent formation of each part,
owing to the union of the proper gemmules with certain
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nascent cells, together with the superabundance of the gen-
mules derived from both parents, and the subsequent self-
multiplication of the gemmules, throws light on a widely
different group of facts, which on any ordinary view of
development appears very strange. 1 aliude o organs which
are al posed or iplied. For instance, a
curious case has been recorded by Dr. Elliott Coues® of u
monstrous chicken with a perfect additional right leg articn-
lated to the lejt side of the pelvis, Gold-fish often have
supernumerary fins placed on various parts of their bodies.
When the tail of a lizard is broken off, a double tail is some-
times reproduced; and when the foot of the salamander
was divided longitudi by Bonnet, additional digits
were occasionally formed. Valentin injured the caudal
extremity of an embryo, and three days afterwards it
produced rudiments of a double pelvis and of double hind-
limbs.>  When frogs, toads, &c., are born with their limbs
doubled, as sometimes happens, the doubling, as Gervais
remarks,* cannot be due to the complete fusion of two
embryos, with the exception of the limbs, for the larva are
limbless. The same argument is applicable® to certain
insects produced with multiple legs or antenna, for these are

d from apodal or antennw-less larvie. Alphonse
Milne-Edwards “* has described the curious case of a crusta-
cean in which one eye-peduncle supported, instead of a-con-
plete eye, only an imperfect cornea, and out of the centre of
this a portion of an antenna was developed. A case has been
rocorded ** of a man who had during both dentitions a double
tooth in place of the left second incisor, and he inherited this
peculiarity from his paternal grandfather. Several cases ate
known * of additional teeth having been developed in the
orbit of the eye, and, more especially with hovses, in the palate,

L

% “Proc. Boston Soc. of Nat. Hist.,"
in ‘Scientific Opinion,"
Fov. 10. 1869, p- 485,
% Todd's “Cyclop. of Anat. and
! vol. iv., 1849-52, p. 975.
* Compte kendus,’ Nov. 14, 1865,
. 800, £
# As previous
Quatrefages, in
YOL. 1L

ly remarked by
his ¢ Métamorphoses

de I'Homme,’ &, 1862, p. 120.
“ Gunther's *Zoologieal

1864, p. 2
“ Sedgwick, in <My
Review," April, 1863, p. 454,

*Hist, des Anomalies,” tom. 1., 183,
Pp. 435, 657; and tom. ii. p. 560,
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Hairs occasionally appear in strange situations, as * within
the substance of the brain.” ®® Certain breeds of sheep bear
a whole crowd of horns on their foreheads. As many as five
spurs have been seen on both legs of certain Game-fowls. In
the Polish fowl the male is ornamented with a topknot of
hackles like those on his neck, whilst the female has a top-
knot formed of common feathers. In feather-footed pigeons
and fowls, feathers like those on the wing arise from the
outer side of the legs and toes. Even the clemental parts of
the same feather may be transposed ; for in the Sebastopol
goose, barbules are developed on the divided filaments of the
shaft. Tmperfect nails sometimes appear on the stumps of
the amputated fingers of man ; ** and it is an interesting fact
that with the snake-like Saurians, which present a series
with more and more imperfect limbs, the terminations of the
phalanges first disappear,  the nails becoming transferred to
* their proximal remnants, or even to parts which are not
« phalanges.” o7

Analogous cases ate of such frequent occurrence with plants
that they do not strike us with sufficient surprise. Super-
numerary petals, stamens, and pistils, are often produced. T
have seen a leaflet low down in the compound leaf of Vicia
sativa replaced by a tendril; and a tendril possesses many
poculiar 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 ate so
frequently converted into petals, more or less completely, that
such cases are passed over as not deserving motice; but as
petals have special functions 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 1or sl Again, the edge of
a petal may occasionally be found including one of the
highest products of the plant, namely, pollen; for instance,

# Virchow, ‘Cellular Pathology,’  to

me.

1860, p. 66. " Dr. Fuirbringer, ‘Die Knochen
o “Miller's Phys,’ Eng. Translat.,, etc. bei den schiangenshnlichen

vol. i, 1833, p. 407. A case of this  Sauriern,’ as reviewed in *Journal of

kind has lately been communicated  Anat. and Phys,’ May, 1870, p. 286.
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I have seen the pollen-mass of an Ophrys, which is a very
complex structure, developed in the edge 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. Mr.
Salter and Dr. Maxwell Masters have found pollen within
the ovules of the passion-flower and of the rose. Buds may
be developed in the most unnatural positions, as on the petal
of a flower. Numerous analogous facts could be given.*

1 do not know how physiologists look at such facts as the
foregoing. According to the doctrine of pangenesis, the

of the transposed organs become developed in th
wrong place, from uniting with wrong cells or aggregates of
cells during their nascent state; and this would follow from
aslight modification in their elective affinities. Nor ought
we to feel much surprise at the affinities of cells and gem-
mules varying, when we remember the many curious cases
given in the seventeenth chapter, of plants which absolutely
refuse to be fertilised by their own pollen, though abun-
dantly fertile with that of any other individual of the
same species, and in some cases only with that of a distinct
species. It is manifest that the sexual elective affinities
of such plants—to use the term employed by Giirtner —have
been modified.  As the cells of adjoining or homologous
will have nearly the same nature, they will be particu-

larly liable to acquire by variation each other's elective
affinities ; and we can thus understand to a certain extent
such cases as a crowd of horns on the heads of certain sheep,
of several spurs on the legs of fowls, hackle-like feathers on the
heads of the males of other fowls, and with the pigeon wing-
like feathers on their legs and 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 transposi-
tion. It ought to be observed that when any compound part,

# Moquin - Tandon, ‘Teulalope Yastir 1 <Bcimes Beviewf O
Vig, 1841, pp. 218, 22 1873, Rev.
the case of the pea, see ! Garismerts Berkeley it dnveloyel
Chron.’ 1866, p. 897. With respect on a petal of a Clark .., in ¢Gard.
%o pollen within ovules, see Dr. Chronicle,’ April 28, 1850,
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such as an additional limb or an antenna, springs from a false
position, it is only necessary that the fow first gemmules
should be wrongly attached ; for theso whilst developing
would attract other gemmules in due succession, as in the
re-growth of an amputated limb. When parts which are
homologons and similar in structure, as the vertebrm of
snakes or the stamens of polyandrous flowers, &c., are re-
peated many times in the same organism, closely allied
gemmules must be extremely numerons, 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 under-
stand Isid. Geoffroy Saint-Hilaire’s law, that parts, which are
already multiple, are extremely liable to vary in number.

Variability often depends, as I have attempted to show,
on the reproductive organs being injuriously affected 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 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 plants, if their own
pollen be excluded, are easily hybridised, so, in the case of
cells, if the properly succeeding gemmules were absent,
they would probably combine casily with other and allied
gemmules, as we have just seen with transposed parts.

In variations caused by the direct action of changed con-
ditions, of which several instances have been given, certain
parts of the body are directly affected by the new conditions,
and consequently throw off modified gemmules, which are
transmitted to the offspring. On any ordinary view it is
~unintelligible how changed conditions, whether acting on the
embryo, the young or the adult, can cause iuherited modifica-
tions. It is equally or even more nintelligible on any
ordinary view, how the effects of the long-continued use or
disuse of a part, or of changed habits of body or mind, can be
inherited. A more perplexing problem can hardly be pro-
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posed ; but on our view we have only to suppose that certain
cells become at last structurally modified; and that these
throw off similarly modified gemmules, This may occur
at any period of development, and the modification will be
inherited at a corresponding period ; for the modified gem-
mules will unite in all ordinary cases with the proper pre-
coding cells, and will consequently be developed at the
same period at which the modification first arose. With
respect to mental habits or instincts, we are so profoundly
ignorant of the relation between the brain and the power of
thought that we donot know positively whether a fixed habit
induces any change in the nervous system, though this seems
highly probable ; but when such habit or other mental at-
tribute, or insanity, is inherited, we must believe that some
actual modification is transmitted ;% and this implies, accord-
ing to our hypothesis, that gemmules derived from modified
nerve-cells are transmitted to the offspring.

1t is generally necessary that an organism should be ex-
posed during several generations to changed conditions or
habits, in order that any modification thus acquired shounld
appear in the offspring. This may be partly due to the”
changes not being at first marked enough to catch attention,
but this explanation is insufficient ; and I can account for the
fact only by the assumption, which wo shall sec under the
head of reversion i that dy d
from each dified unit or part are mi in large
numbers to successive generations, and that the gemmules
derived from the same unit after it has been modified go on
multiplying under the same favourable conditions which first
caused the modification, until at last they become sufficiently
numerous to overpower and supplant the old gemmules,

A 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 gemeration. As far as variability depends on
the imperfect action of the reproductive organs under changed
undiﬁvns, we can at once see why plants propagated asexually

See some vemarks to this effect by Sir H. Holland in his ¢ Medical
lo«.,' 1839, p. 82,
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should be far less variable than those propagated sexually.
With respect to the direct action of changed conditions, we
know that organisms produced from buds donot pass through
the earlier phases of development; they will therefore not
be exposed, at that period of life when structure is most
readily modified, to the various causes inducing variability
in the same manner as are embryos and young larval forms
but whether this is a sufficient explanation I know not.

With respect to variations due to reversion, there is a
similar difference between plants propagated from buds and
seeds. Many varieties can be propagated securely by buds,
but generally or invariably revert to their pavent-forms 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 hybrid or intermediate cha-
racter. 1 can offer no satisfactory explanation of these facts.
Plants with variegated leaves, phloxes with striped flowers,
barberries with seedless fruit, can all be securely propagated
by buds taken from the stem or branches ; but buds from the
roots of these plants almost invariably lose their character
and revert to their former condition. This latter fact is also
inexplicable, unless buds developed from the roots are as
distinet from those on the stem, as is one bud on the stem
from another, and we know that these latter behave like
independent organisms.

Finally, we see that on the hypothesis of pangenesis varia-
bility depends on at least two dlshm.', g‘z‘o\lps of causes.
Firstly, the defi a o
gommules, and the redevelopment, of s long
‘been dormant : the gemmules themselves not having under-
gone any modification ; and such changes will amply account
for much fluctuating variability. Secondly, the direct action
of changed conditions on the organisation, and of the increased
use or disuse of parts; and in this case the gemmules from
the modified units will be themselves modified, and, when
sufficiently multiplied, will supplant the old gemmules and
be developed into new structures.

Turning now to the laws of Inheritance. If we suppose a
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homogeneous gelatinous protozoon to vary and assume &
reddish colour, a minute separated particle would naturally,
as it grew to full size, 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 diversi-
fied units of which the whole body of one of the higher
animals is composed; the separated particles being our
gemmules. We have already sufficiently dmmlused Dby impli-
cation, the imp principle of inh

ages. Inheritance as limited by sex and by dm season of the*
year (for instance with animals. becoming white in winter) is
intelligible if we may believe that the elective affinities of the
units of the body are slightly different in the two sexes,
especially at maturity, and in one or both sexes at different
seasons, so that they unite with different gemmules. It
should be remembered that, in the discussion on the abnormal
transposition of organs, we have seen reason to believe that
such elective affinities are readily modified. But I shall soon
have to recur to sexual and seasonal inheritance. These
several laws are therefore explicable to a large extent
through pangenesis, and on no other hypothesis which has as
yet been advanced.

But it appears at first sight a fatal objection to our hypo-
thesis that a part or organ may be removed during several
successive generations, and if the operation be not followed
by disease, the lost part reappears in the offspring. Dogs and
horses formerly had their tails docked during many genera-
tions without any inherited effect ; although, as we have seen,
there is some reason to believe that the tailless condition of
certain sheep-dogs is due to such inheritance. Circumcision
has been practised by the Jews from a remote period, and in
most cases the effects of the operation are not visible in the
offspring ; though e maintain that an inherited effect does
occasionally appear. Ifinheritance depends on the presence of
disseminated gemmulendenvedfmm all the units of the body,

T ks e view takm by Prot. * stwlihen wad o Eindlickn Orga-
ia s ‘Geverell Morpho-  wemun, dio Thelung dever Matrte

(B. 171), who says: bei der Fortpflanzung, ist die Ursache
hmmm die partiels ldentiat der  der Erblichkeit”
specifisch constituirten Materie im
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why does not the ion or mutilation of a part, especially
if effocted on both sexes, invariably affect the offspring ? The
answer in accordance with our hypothesis probably is that
gommules multiply and are transmitted during a long sories
of i we seo in the of zebrine
stripes on the horse—in the reappearance of muscles and other
structures in man which are proper to his lowly organised
progenitors, and in many other such cases, Therefore the
long-continued inheritance of a part which has been removed
during many generations is no real anomaly, for gemmules
formerly derived from the part are multiplied and transmitted
from generation to generation,

We have as yet spoken only of the removal of parts, when
not followed by morbid action : but when the operation is
thus followed, it is certain that the deficiency is sometimes
inherited. In a former chapter instances were given, as of a
cow, the loss of whose horn was followed by suppuration, and
her calves were destitute of a horn on the same side of their
heads. But the evidence which admits of no doubt is that
given by Brown-Séquard with respect to guinea-pigs, which
after their sciatic nerves had been divided, gnawed off their
own gangrenous toes, and the toes of their offspring were de-
ficient in at least thirteen instances on the corresponding feet.
The inheritance of the lost part in several of theso cases is all
the more remarkable as only one parent was affected ; but we
know that a ital deficiency is often itted from
one parent alone—for instance, the offspring of hornless cattle
of either sex, when crossed with perfect animals, aro often
hornless, How, then, in accordance with our hypothesis can we
account for mutilations being sometimes strongly inherited, if
they are followed by diseased action? The answer probally
is that all the gemmules of the mutilated or amputated part
are gradually attracted to the diseased surface during the
reparative process, and are there destroyed by the morbid
action.

A few words must be added on the complete abortion of
organs. When a part becomes diminished by disuse pro-
longed during many generations, the principle of economy of
growth, together with intercrossing, will tend to reduce it
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still further as previously explained, 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 repre-
senting a tooth. In certain cases of suppression not yet
completed, in which a rudiment occasionally reappears
through reversion, dispersed gemmules derived from this part
must, according to our view, still exist; we must therefore
suppose that the cells, in union with which the rudiment was
formerly developed, fail in their affinity for such gemmules,
except in the occasional cases of reversion. But when the
abortion is complete and final, the gemmules themselves no
doubt perish ; nor is this in any way improbable, for, thongh
a vast number of active and long-dormant gemmules are
nourished in each living creature, yet there must be some
limit to their number ; and it appears natural that gemmules
derived from reduced and useless parts would be more liable
to perish than those freshly derived from other parts which
are still in full functional activity.

The last subject that need be discussed, namely, Reversion,
rosts on the principle that transmission and development,
though generally acting in conjunction, are distinct powers ;
and the of with their
development shows us how this is possible. We plainly sce
the distinction in the many cases in which a grandfather
transmits to his grandson, through his daughter, characters
which she does not, or cannot, possess. But before proceeding,
it will be advisable to say a few words about latent or
dormant characters. Most, or perhaps all, of 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 characters in the male: we
have evidence of this i} certain maseuline characters, both
corporeal and mental, appearing in the female, when her
ovaria are diseased or when they fail to act from old age. In
like manner female characters appear in castrated males, as
in the shape of the horns of the ox, and in the absence of
horns in castrated stags. Evon a slight change in the
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ditions of life due to confi times suffices to pre-
vent the devel of line ct in male animals,
althongh their reproductive organs are not permanently
injured. In the many cases in which masculine characters
are periodically renewed, these are latent at other seasons;
inheritance as limited by sex and season being here com-
bined. Again, masculine characters generally lic dormant in
male animals until they arrive at the proper age for repro-
duction. The curious case formerly given of a Hen which
assumed the masenline characters, not of her own breed
Dbut of a remote itor, i the close i
between latent sexual characters and ordinary reversion.

With those animals and plants which habitually produce
several forms, as with cortain butterflies described by Mr.
Wallace, in which three female forms and one male form
co-exist, or, as with the trimorphic species of Lythrum and
Oxalis, gemmules capable of reproducing these different forms
must be latent in each individual.

Insects are occasionally produced with ome side or one
quarter of their bodies like that of the male, with the other
half or three-quarters like that of the female. Tn such cases
the two sides are sometimes wonderfully different in structure,
and are separated from each other by a sharp line. As gem.
mules derived from every part are present in each individual
of both sexes, it must be the lective affinitics of the nascent
cells which in these cases differ abnormally on the two sides
of the hody. Almost the same principle comes into play
with those animals, for instance, certain gasteropods and
Verruca amongst cirripedes, which normally have the two
sides of the body constructed on a very different plan; and
et a nearly equal number of individuals have either side
« wodified in the same remarkable manner.

Reversion, in the ordinary sense of the word, acts so inces-
santly, 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
sometimes may be observed with advancing age even in the
same individual. The tendency to reversion is often induced
Dy a change of conditions, and in the plainest manner by

T ot e e har T T
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crossing.  Crossed forms of the first generation are generally
nearly intermediate in character between their two parents;
but in the next generation the offspring commonly revert to
one or both of their grandparents, and occasionally to more
remote ancestors. How can we account for these facts?
EBach unit in a hy Inld must throw off, according to the
doctrine of an abund, of hybridised
for crossed plants can be readily and largely propagated
by buds; but by the same hypothesis dormant gemmules
derived from both pure parent-forms are likewise present ;
and as these gemmules retain their normal condition, they
would, it is probable, be enabled to multiply largely during
thelifetime 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 gem-
maules derived from the one hybrid with the pure gemmules
of the same parts derived from the other, would nwensuﬁly
lead to complete reversion of character; and it is, perlupe,
not too bold ition that i and
emmules of the smo nature would be_especially apt to
combine. Pure in with h
gemmules would lead to partial reversion. And lastly,
hybridised gemmules derived from both parent-hybrids
would simply reproduce the original hybrid form.m All
these cases and degrees of reversion incessantly occur.

1t was shown in the fifteenth chapter that certain characters
areantagonistic to each other or do not readily blend ; hence,
when two animals with antagonistic characters are i
it might well happen that a sufficiency of gemmules in the male
alone for the duction of his peculiar ch and in the
female alone for the reproduction of her peculiar characters,
would not be present; and in this case dormant gemmules
derived from the same part in some remote progenitor might
easily gain the ascendancy, and cause the reappearance of
the long-lost character. For instance, when black and white*
pigeons, or black and white fowls, are crossed, —colours which

# In these remarks I, in fact, species which are crossed. See hi
fillow Nuudin, who speaks of the  excellent memoir in the ‘Noutelles
elements or essences of the two  Archives du Muséum,’ tom. i. p. 151,
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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 follows, under condi-
tions which favour the multiplication and development of
certuin 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 cha-
racter, as is known to be the case from several spermatozoa
_or pollen-grains being necessary for fertilisation, and time
favouring their multiplication, will perhaps account for the
eurious cases, insisted on by Mr. Sedgwick, of certain diseases
which regularly appear in alternate generations. This like-
wise holds good, more or less strictly, with other weakly
inherited modifications. Hence, as I have heard it remarked,
certain discases appear to gain strength by the intermission
of a generation. The transmission of dormant gemmules
during many successive generations is hardly in itself more
improbable, as previously remarked, than the retention
during many ages of rudimentary organs, or even only of a
tendency to the prodnotion of a rudiment; but there is 10
reason to suppose that dormant gemmules can be transmitted
and propagated for ever. Excessively minute and
as they are believed to be, an infinite number derived, during
a long course of modification and descent, from each unit of
each progenitor, could not be supported or nourished by the
organism. But it does not seem improbable that certain
under diti should be retained
and go on multiplying for a much longer period than
others.  Finally, on the view here given, we certainly gain
some insight into the wonderful fact that the child may
depart from the type of both its parents, and resemble its
grandparents, or ancestors removed by many hundreds of
generations.

Conclusion.

The hypothesis of Pangenesis, as applied to the several
great classes of facts just discussed, no doubt is extremely
complex, but so are the facts. The chief assumption is that
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all the units of the body, besides having the universally ad-
mitted power of growing by self-division, throw off minute
gemmules which are dispersed through the system. Nor can
this assumption be considered as too bold, for we know from
the cases of graft-hybridisation that formative matter of some
kind is present in the tissues of plants, which is capable of
combining with that included in another individual, and of
reproducing every unit of the whole organism. But we have
further to assume that the gemmules grow, multiply, and
aggregate themselves into buds and the sexual elements;
their development depending on their wmion with other
nascent cells or units. They are also believed to be capable
of transmission in a dormant state, like seeds in the ground,
to successive generations.

In a highly-organised animal, the gemmules thrown off
from each different unit throughout the body must be incon-
ceivably numerous and minute. Each 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. But the same cells may long continue
to increase by self-division, and even become modified by
absorbing peculiar nutriment, without necessarily throwing
off modified gemmules. All organic beings, moreover, include
many dormant gemmules derived from their grandparents
and more remote progenitors, but mot from all their pro-
genitors. These almost infinitely numerous and minute
gemmules are contained within each bud, ovule, sperma-
tozoon, and pollen-grain. Such an admission will be de-
clared impossible; but number and size are only relative
difficulties. Independent organisms exist which are barely
visible under the highest powers of the microscope, and their
germs must be excessively minute. Particles of infectious
matter, so small as to be wafted by the wind or to adhere to
smooth paper, will multiply so rapidly as to infect within a
short time the whole body of a large animal. We should
also reflect on the admitted number and minuteness of
the molecules composing a particle of ordinary matter.
The difficulty, therefore, which at first appears insurmount-
able, of believing in the existence of gemmules so numerous
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and small as they must be according to our hypothesis, has
no great weight.

The units of the body are generally admitted by physiolo-
gists to be autonomons. I go one step further and assume
that they throw off reproductive gemmules. Thus an organ-
ism does not generate its kind as a whole, but each separate
unit generates its kind. It has often heen said by naturalists
that each cell of a plant has the potential capacity of repro-
ducing the whole plant ; but it has this power only in virtue
of containing gemmules derived from every part. When a
cell or unit is from some cause modified, the gemmules derived
from it will be in like manner modified. If our hypothesis
be provisionally accepted, we must look at all the forms of
asexual reproduction, whether occurring at maturity or during
youth, as ﬁmdumontnl]v the same, aml dependent on thu
mutual aggreg: and of the
The re-growth of an amputated limb and the healing of a
wound is the same process partially carried out. Buds
apparently include nascent cells, belonging to that stage of
development at which the budding occurs, and these cells are
ready to unite with the gemmules derived from the next
succeeding cells. The sexual elements, on the other hand,
do not include such nascent cells ; and the male and female
elements taken separately do not contain a sufficient number
of for except in the
cases of parthenogenesis. The development of each being,
including all the forms of metamorphosis and metagenesis,
depends on the presence of gemmules thrown off at each
period of life, and on their development, at a corresponding
period, in union with preceding cells. Such cells may be
said to be fertilised by the gemmules which come next in due
order of development. Thus the act of ordinary impreg-
nation and the development of each part in cach 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. Inheritance must be looked at as merely a form
of growth, like the self-division of a lowly-organised uni-
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cellular organism. Revemqn depends on the transmission
from the L d of dormant

which occasionally beoome developed under certain known or
umknown conditions. Each animal and plant may be com-
pared with a bed of soil full of seeds, some of which soon
germinate, some lic dormant for a period, whilst others
porish. When we hear it said that a man carries in his
constitution the seeds of an inherited discase, there is much
truth in the expression. No other attempt, as far as T am
aware, has been made, imperfect as this confessedly is, to
counect under one point of view theso several grand classes
of facts. An organio being i microcosm—a lttlo universe,-
formed of a host of self-p

minute and numerous as the stars in heaven.
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CHAPTER XXVIIL
CONCLUDING REMARKS,

DOMESTICATION—NATUKE AND CAUSES OF VARIABILITY—SELECTION —DIV]
GENCE AND DISTINCTNESS OF CHARACTER— EXTINCTION OF RACES—
CIRCUNSTANCES FAVOURABLE TO SELECTION BY MAN—ANTIQUITY OF
CERTAIN RACES—THE QUESTION WHETHER EACH PARTICULAR VARIATION
HAS BEEN SPECIALLY PREORDAINED.

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 snceeed in taming
wild animals; and those inhabiting any country or island,
when first visited 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. In order that an animal
should be domesticated it must be fertile under changed con-
ditions of life, and this is far from being always the case. An
animal would not have been worth the labour of domestica-
tion, at least during early times, unless of service to man.
From these circumstances the number of domesticated animals
has never been large. With respect 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 trans-
ported to other countries, therefore he could not have been
thus influenced in his choice. We see that the close adapta-
tion of the reindeer and camel to extremely cold and hot
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countries has mot prevented their domestication. Still less
could man have foreseen whether his animals and plants
would vary in succeeding generations and thus give birth to
new races; and the small capacity of variability in the goose
has not prevented its domestication from a remote epoch.
With extremely few exceptions, all animals and plants
which have been long domesticated have varied greatly. It
matters not under what climate, or for what purpose they are
kept, whether as food for man or beast, for draught or hunt-
ing, for clothing or mere pleasure,—under all these circum-
stances races have been produced which differ more from one
another than do the forms which in a state of nature are
ranked as different 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 have
to judge of the amount of variation which onr domestic pro-
ductions have undergone, chiefly by the number and amount
of difference between the races which have been formed, and
we can often clearly see why many and distinet races have
not been formed, namely, because slight successive variations
have not been steadily accumulated ; and such variations will
never be accumulated if an animal or plant be not closely
observed, much valued, and kept in large numbers.
The fluctuating, and, as far as we can judge, never-ending
iability of our d i ductions,—the plasticity of
almost their whole isation,—is one of the most i
lessons 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 of life than have many natural species
during the incessant geological, geographical, and climatal
changes to which the world has been subject; but domes-
ticated productions will often have been exposed to more
. sudden changes and to less continuously uniform conditions.
- As man has domesticated so many animals and plants be-
 longing to widely different classes, and as he certainly did not
 choose with prophetic instinct those species which would vary
~ most, we may infer that all natural species, if exposed to
2
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analogous conditions, would, on an average, vary to the same
degree. Few wmen 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 rear, for instance, curions breeds of the fowl,
pigeon, or canary-bird.

Trom 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 it cannot be recognised with certainty, owing to
its supposed descendants having been so much modified. In
other cases two or more closely-allied forms, after being
domesticated, have crossed ; and then it is difficult to estimate
how much of the character of the present descendants ought
to be attributed to variation, and how much to the influence
of the several parent-stocks. But the degree to which our
domesticated breeds have been modified by the crossing of
distinct species has probably been much exaggerated by some
authors. A few individuals of one form would seldom per-
manently affect another form existing in greater numbers;
for, without careful selection, the stain of the foreign blood
would soon be obliterated, and during early and barbarouns
times, when our animals were first domesticated, such care
would seldom have been taken.

There is good reason to believe in the case of the dog, ox,
pig, and of some other animals, that several of our races are
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
it said by a man, who maintained that our fowls were de-
scended from at least half-a-dozen aboriginal species, that the
evidence of the common origin of pigeons, ducks and rabbits,
was of no avail with respect to fowls. Breeders 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 they resembled our present domestic breeds, would
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have been highly abnormal in comparison with all their
congeners.  They maintain that certain species, which
formerly existed, have become extinct, or are now unknown,
althongh formerly known. The assumption of so much
recent extinction is no difficulty in their eyes; for they do
not judge of its probability by the facility or difficulty of the
extinction of other closely-ullied wild forms. Lastly, they
often ignore the whole subject of geographical distribution as
completely as if it were the result of chance.

Although from the reasons just assigned it is often diffcult
to judge accurately of the amount of change which our

have yet this can be
ascertained in the cases in which all the breeds are known
to be descended from a single species,—as with the pigeon,
duck, rabbit, and almost certainly with the fowl; and by the
4id of analogy this can be judged of to a certain extent with
domesticated animals descended from several wild stocks. It
is impossible to read th details given in the earlier chapters
and in many published works, or to visit our various ex-
hibitions, without being decply impressed with the extremo
of our d animals and cultivated plants.
No part of the organisation escapes the tendency to vary.
The variations generally affect parts of small vital or physio-
logical importance, but so it is with the differences which
exist between closely-allied specics. In these unimportant
characters there is often a greater difference between the
Dreeds of the samo species than between the natural species
of the same genus, as Isidore Geoffroy has shown to be the
case with size, and as is often the case with the colour,
texture, form, &ec., of the hair, feathers, horns, and other
dermal appendages.

It has often been asserted that important parts never vary
under domestication, but this is a complete error. Look at
the skull of the pig in any one of the highly improved breeds,
with the occipital condyles and other parts greatly modified ;
or look at that of the niata ox. Or, again, in the several
breeds of the rabbit, observe the elongated skull, with the
differently shaped occipital foramen, atlas, and other cervical
wvertebree, The whole shape of the brain, together with the
2»2
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skull, has been modified in Polish fowls; in other breeds of
the fowl the number of the vertebra and the forms of the
cervical vertebrs 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 cesophagus, have all varied. In
certain quadrupeds the length of the intestines has been much
increased or diminished. With plants we see wonderful
differences in the stones of various fruits. In the Cucur-
bitacewm several highly important characters have varied, such
as the sessile position of the stigmas on the ovarium, the
position of the carpels, and the projection of the ovarium out
of the receptacle. But it would be useless to run through
the many facts given in the earlier chapters.

It is notorious how greatly the mental disposition, tastes,
habits, consensual movements, loquacity or silence, and tone
of voice have varied and been inherited in our domesticated
animals. The dog offers the most striking instance of changed
mental attributes, and these d: cannot be
for by descent from distinet wild types

New characters may appear and old ones disappear at any
stage of development, being inherited at a corresponding
stage. We see this in the difference between the eggs, the
down on the chickens and the first plumage of the various
Dreeds of the fowl ; and still more plainly in the differences
between the caterpillars and cocoons of the various breeds of
the silk-moth. These facts, simple as they appear, throw light
on the differences between the larval and adult states of
allied natural species, and on the whole great subject of em-

- bryology. New characters first appearing late in life are apt
to become attached exclusively to that sex in which they
first arose, or they may be developed in a much higher degree
in this than in the other sex; or again, after having become
attached to one sex, they may be 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 of secondary sexual
. characters by animals in a state of nature.
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Tt has sometimes been said that our domestic races do not
differ in constitutional peculiarities, but this cannot be main-
tained. In our improved cattle, pigs, &c., the period of
maturity, including that of the second dentition, has been
much hastened. The period of gestation varies much, and
has been modified in a fixed manner in one or two cases. In
some breeds of poultry and pigeons the period at which the
down and the first plumage are acquired, differs. The number
of moults through which the larve of silk-moths pass, varies.
The tendency to fatten, to yield much milk, to produce many
young or eggs at a birth or during life, differs in different
breeds. We find different degrees of adaptation to climate,
and different tendencies to certain diseases, to the attacks of
parasites, and to the action of certain vogetable poisons. .
With plants, adaptation to certain soils, the power of resisting
frost, the period of flowering and fruiting, the duration of
life, the period of shedding the leaves or of retaining them
throughout 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 distinct domestic races, with the exception of a very
few plants, when similarly crossed. It is certainly a most
remarkable fact that many closely-allied species, which in
appearance diffor extremely little, should yield when crossed
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 fertile, and yield perfectly
fertile offspring.  But this fact is not in reality 50 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 depend chiefly on differences in their external strue-
ture or general constitution, but on differences in the repro-
ductive system, analogous to those which cause the lessened

~ fertility of the illegitimate unions of dimorphic and trimorphic
plants. In the second place, the Pallasian doctrine, that
species after having been long domesticated lose their natural
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tendency to sterility when crossed, has been shown to be
highly probable or ‘almost certain. We cannot avoid this
conclusion when we reflect on the parentage and present
fertility of the several breeds of the dog, of the Indian or
humped and European cattle, and of the two chief kinds of
pigs. Hence it would be unreasonable to expect that races
formed under domestication should acquire sterility when
crossed, whilst at the same time we admit that domestication
eliminates the normal sterility of crossed species. Why with
closely-allied species their reproductive systems should almost
invariably have been modified in so peculiar a manner as to
be mutually incapable of acting on each other—though in un-
equal degrees in the two sexes, as shown by the difference in
fertility between reciprocal crosses of the same species—we
do not know, but may with much probability infer the cause
to beas follows. Most natural species have been habituated to
nearly uniform conditions of life for an incomparably longer
time than have domestic races; and we positively know that
changed conditions excrt an especial and powerful influence
on the reproductive system. Hence this difference may well
account for the difference in the power of reproduction between
domestic races when crossed and species when crossed. It is
probably in chief part owing to the same cause that domestic
Taces can be suddenly transported from one climate to
another, or placed under widely different conditions, and yet
retain in most cases their fertility wnimpaired; whilst a
multitude of species subjected to lesser changes are rendered
incapable of brecding.

The offspring of crossed domestic races and of crossed
species resemble each other in most respects, with the one im-
portant exception of fertility ; they often partake in the same.
unequal degree of the characters of their parents, ono of
which is often prepotent over the other; and they are liable
to reversion of the same kind. By successive crosses one
specics may be made to absorh completely another, and so
it notoriously is with races. The latter resemble species in
many other ways. They sometimes inherit their newly-
acquired characters almost or even quite as firmly as species.
The conditions leading to variability and the laws governing
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its nature appear to be the same in hoth. Varieties can be
classed in groups under groups, like species under genera, and
these under families and orders; and the classification may
be cither artificial,—that is, founded on any arbitrary cha-
racter,—or natural. With varieties a natural classification
is certainly founded, and with species is apparently founded,
on community of descent, together with the amount of modi-
fication which the forms have undergone. The characters
by which domestic varieties differ from one another are more
variable than those distinguishing species, though hardly
more so than with certain polymorphic species; but this
greater degree of variability is not surprising, as varieties
have generally been exposed within recent times to fluctu-
ating conditions of life, and are much more liable to have
been crossed ; they are also in many cases still undergoing,
or have recently und by man’s

or unconscious selection.

Domestic varicties as a general rule certainly differ from
one another in less important parts than,do species; and
when important differences oceur, they are seldom firmly
fixed; but this fact is intelligible, if we 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 tecth of his pigs, or for an ad-
ditional 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 transmitted, for many strange monstrosities are inherited,
man could undoubtedly effect a certain amount of change in
these organs.  When he has produced any modification in an
mpomm part, he has generally done so mxmtencmmlly,
in correlation with some other conspicuous part. For in-
stance, he has given ridges and protuberances to the skulls
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of fowls, by attending to the form of the comb, or 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 cesophagus, 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 in many other cases. Natural
species, on the other hand, have been modified exclusively
for their own good, to fit them for infinitely diversified con-
ditions 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 be advantageous or even mecessary; and they
would slowly but surely be acquired through the survival
of the fittest. Still more important is the fact that various
indirect modifications would likewise arise through the law
of correlated variation.

Domestic breeds often have an abnormal or semi-monstrous
character, as amongst dogs, the Italian greyhound, bulldog,
Blenheim spaniel, and bloodhound,—some breeds of cattle
and pigs,—several breeds of the fowl,—and the chief breeds
of the pigeon. In such abnormal breeds, parts which differ
but slightly or not at all in the allied natural species, have
been greatly modified. 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 in the domesticated bird, it would have been con-
sidered as a monstrosity ; the great plume of feathers on the
head of the Polish cock has been thus designated, though
plumes are common on the heads of 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 Carpoplaga oceanica.

Some authors have drawn a wide distinction between
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artificial and natural breeds; although in extreme cases the
dutmmun is plain, in many other cases it is arbitrary; the
ference depending chiefly on the kind of selection which
has been applied. Artificial breeds are those which have
hee'n intentionally improved by man; they froquently have
and are liable to lose
s throngh reversion and continued variability.
The so-called natural breeds, on the other hand, are those
which are found in semi-civilised countries, and which
formerly inhabited separate districts in nearly all the
European kingdoms. They have been rarely acted on by
man’s intentional selection ; more frequently by unconscious
selection, and partly by natural selection, for animals kept
in semi-civilised conntries have to provide largely for their
own wants. Such natural breeds will also have been directly
acted on by the differences, though slight, in the surrounding
conditions.

There is a much more important distinetion between our
several breeds, namely, in some having originated from a
strongly-markod. or somi-monstrous deviation of structure,
which, however, may ly have been
by selection; whilst others have been formed in so slow
and insensible a manner, that if we could see their early pro-
genitors we should hardly be able to say when or how the
breed first arose. From the history of the racehorse, grey-
hound, gamecock, &c., and from their general appearance,
we may feel nearly confident that they were formed by a
slow process of improvement; and we know that this has
been the case with the carrier-pigeon, as well as with some
other pigeons.  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-faced tumbler pigeons, hook-billed ducks,
&e., suddenly appeared in nearly the same state as we now
see them. So it has been with many cultivated plants. The
frequency of these cases is likely to lead to the false 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
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moifications of structure ; and various general reasons could
be assigned against such a belief.

On the other hand, we have abundant evidence of the
constant occurrence under nature of slight individual differ-
ences of the most diversified kinds; and we are thus led to
conclude that species have generally originated by the natural
selection of extremely slight differences. This process may
be strictly compared with the slow and gradual improvement
of the racchorse, greyhound, and gamecock. As every detail
of structure in each species has to be closely adapted to its
habits of life, it will rarely happen that one part alone will
be modified; but, as was formerly shown, the co-adapted
modifications need not be absolutely simultaneous. Many
variations, however, are from the first connected by the law of
correlation. Hence it follows that even closely-allied species
rarely or mever differ from one amother by one character
alone ; and the same remark is to a certain extent applicable
to domestic races; for these, if they differ much, generally
differ in wany respects.

Some naturalists boldly insist! that species are absolutely
distinet productions, never passing by intermediate links into
one another; whilst they maintain that domestic varieties
can always be connected either with one another 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.,
there would not have been snch incessant doubts whether
they were descended from one or several species. The grey-
hound genus, if such a term may be used, camnot be closely,
conected with any other breed, unless, perhaps, we go back to
the ancient Egyptian monuments. Our English bulldog also
forms a very distinct breed. In all these cases crossed breeds
must of course be excluded, for distinct natural species can
thus be likewise 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

1 Godron, * De I'Espice,’ 1859, tom. ii. p. 44, &.
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eannot thns connect the turbit or the pouter. The degree
of distinctness between the various domestic breeds depends
on the amount of modification which they have undergone,
and more especially on the neglect and final extinction of
intermediate and less-valued forms.

It has often been argued that no light is thrown on the

changes which natural species are believed to undergo from
the admitted changes of domestic races, as the latter are
said to be mere temporary productions, always reverting,
as soon as they become feral, to their pristine form. This
argument has been well combated by Mr. Wallace;* and
full details were given in the thirteenth chapter, showing
that the tendency to reversion in feral animals and plants
has been greatly exaggerated, though no doubt it exists to
a certain extent. It would be opposed to all the principles
inculeated in this work, if domestic animals, when e;
o new conditions and compelled to struggle for their
own wants against a host of foreign competitors, were not
modified in the course of time. It should also be remem-
bered 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
particularly strong. But the antiquity of some of our breeds
clearly proves that they remain nearly constant as long as
their conditions of life remain the same.

It has been boldly maintained by some authors that the
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 of change in
any particular direction is limited, the tendency to general
variability is, as far as we can judge, unlimited. Cattle,
sheep, and pigs have varied under domestication from the
remotest period, as shown by the rescarches of Riitimeyer
and others; yet these animals have been improved to an
unparalleled ‘degree, within quite recent times, and this
implies continued variability of structure. Wheat, as we
know from the remains found in the Swiss lake-dwellings,

| # + Journal Broe, Linn. Soc,’ 1858, vol. i p. 60,
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is one of the most anciently cultivated plants, yet at the
present day new and better varieties frequently arise. It
may De that an ox will never be produced of larger size and
finer proportions, or a racehorse fleeter, than our present
animals, or a gooscberry 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 has 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 short-

ness and length of beak are the points which have been
steadily improved during the last 150 years, and somo of
the best judges deny that the goal has yet been reached.
From reasons which could be assigned, it is probable that :
parts which have now reached their maximum development,
might, after remaining constant during a long period, vary
again in the direction of increase under new conditions of
life. But there must be, as Mr. Wallace has remarked with
much truth,?® a limit to change in certain directions both
with natural and domestic productions; for instance, there
must be a limit to the fleetness of any terrestrial animal,
as this will be determined by the friction to be overcome,
the weight to be carried, and the power of contraction in the
muscular fibres, The English racehorse may have reached
this limit ; but it already surpasses in fleetness its own wild
progenitor and all other equine species. The short-faced
tumbler-pigeon has a beak shorter, and the carrier a beak
longer, relatively to the size of their bodies, than that of any
natural species of the family. Our apples, pears and goose-
berries bear larger fruit than thoso of any natural species
of the same genera ; and so in many other cases.

It is not surprising, seeing the great difference between
many domestic breeds, that some few naturalists have con-
cluded that each is descended from a distinct aboriginal stock,
more especially as the principle of selection has been ignored,

* The Quarterly Journal of Science,’ Oct. 1867, p. 486.
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and the high antiquity of man, as a breeder of animals, has
only recently become known. Most naturalists, however,
freely admit that our various breeds, however dissimilar,
are descended from a single stock, although they do mot
know much about the art of breeding, cannot show the
connecting. links, nor say where and when the breeds arose.
Yet these same naturalists declare, with an air of philo-
sophical caution, that they will never admit that one natural
species has given birth to another until they behold all the
transitional steps. Fanciers use exactly the same language
with respect to domestic breeds ; thus, an author of an excellent
treatise on pigeons says he will never allow that the carrier
and fantail are the descendants of the wild rock-pigeon,
until the transitions have “actually been observed, and can
“be repeated whenever man chooses to st about the task.”
No doubt it is difficult to realise that slight changes added
up during long centuries can produce such great results;
but he who wishes to understand the origin of domestic breeds
or of natural species must overcome this difficulty.
The causes which excite and the laws which govern varia-
_bility have been discussed so lately, that I need here only
enumerate the leading points. As domesticated organisms are
much more liable to slight deviations of structure and to mon-
strosities than species living under their natural conditions,
and us widely-ranging species generally vary more than those
which inhabit restricted areas, we may infer that variability
mainly depends on changed conditions of life. We must not
overlook the effects of the unequal combination of the charac-
ters derived from both parents, or reversion to former pro-
itors. Changed conditions have an especial tendency to
render the reproductive organs more or less impotent, as
shown in the chapter devoted to this subject; and these
organs consequently often fail to transmit faithfully the
tal characters. Changed conditions also act directly
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 ever say. In most
cases, however, a change in the conditions seems to act
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. causin in nearly the
samo manner as exposure to cold or the absorption of the
same poison affects different individuals in different 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 variability. When we see the symmetrical and complex
outgrowths, caused by a minute drop 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 modi-
fications of structure.

The increased use of a muscle with its various attached
parts, and the increased activity of a gland or other organ,
lead o their increased development. Disuse has a contrary
effect. With domesticated productions, althongh their organs
sometimes become rudimentary through abortion, we have no
reason to suppose that this has ever followed solely from
disuse. With natural species, on the contrary, many organs
appear to have been rendered rudimentary through disuse,
aided by the principle of the economy of growth together
with intercrossing. Complete abortion can be accounted for
only by the hypothesis given in the last chapter, namely, the
final destruction of the germs or gemmules of useless parts.
This difference between species and domestic varieties may
be partly accounted for by disuse having acted on the
latter for an insufficient length of time, and partly from
their exemption from any severe stuggle for existence
entailing rigid economy in the development of each part, to
which all species under nature are subjected. Nevertheless
the law of compensation or balancement, which likewise
depends on the economy of growth, apparently has affected
to a certain extent our domesticated productions.

As almost every part of the organisation becomes highly
variable under domestication, and as variations are easily
selected both consciously and unconsciously, it is very diffi-
cult to distinguish between the effects of the selection of
indefinite variations and the direct action of the conditions
of life. For instance, itis possible that the feet of our water-
dogs and of the American dogs which have to travel much
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over the snow, may have become partially webbed from the
stimulus of widely extending their toes; but it is more pro-
bable 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 preserved during many generations. A fancier who
wished to decrease the size of his bantams or tumbler-pigeons
wonld never think of starving them, but would select the
smallest individuals which spontancously appeared. Quad-
rupeds are sometimes 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 tropics heat
often causes sheep to lose their fleeces; on the other hand,
wet and cold act as a direct stimulus to the growth of hair;
but who will pretend to decide how far the thick fur of arctic
animals, or their white colour, is due to the direct action of
a severe climate, and how far to the preservation of the best-
protected individuals during a long succession of genera-
tions ?

Of all the laws g i iability, that of lation is
one of tho most important. Tn many cases of slight deviations
of structyre as well as of grave monstrosities, we cannot even
conjecture what is the nature of the bond of connexion. But
between homologous parts—between the fore and hind limbs
—between the hair, hoofs, horns, and teeth—which are closely
similar during their early development and which are exposed
to similar conditions, we can see that they would be eminently
liable to be modified in the same manner. 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 swrrounding conditions, we
must never forget that the nature of the organisation which
is acted on, is by far the more important factor in the result.
We sce this in different orgnniuml. which when placed under
I'-ihr eondmons vary m a d.\ﬂ“crent manner, whilst dmaly-

under often vary in
nearly the same manner. We see this, in the same modifica-
tion frequently reappearing in the sume variety at long
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intervals of time, and likewise in the several striking cases
given of analogous or parallel variations, Although some
of theso latter cases are due to reversion, others cannot thus
be acoounted for.

From the indirect action of changed conditions on the
organisation, owing to the reproductive organs being thus
affected—from the direct action of such conditions, and these
will canse the individuals of the same species cither to vary
in the sume manner, or differently in accordance with slight

in their consti from the effects of the in-
ereased o decreased use of parts—and from correlation,—
the variability of our domesti is

to an extreme degree. The whole organisation becomes
slightly plastic. Although each modification must have its
own 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 arose spontaneously. 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.

1t may be worth while briefly to consider the result of the
exposure to unnatural conditions of a large number of animals
of the same species and allowed to cross freely with mno
selection of any kind, and afterwards to consider the result
when selection is brought into play. Let us suppose that
500 wild rock-pigeons were confined in their native land in
an aviary and fed in the same manmer as pigeons usually
are; and that they were not allowed to increase in number.
As pigeons propagate so rapidly, T suppose that a thousand
or fifteen hundred birds would have to be annually killed.
After several genmerations had been thus reared, we may
feel sure that some of the young birds would vary, and
the variations would tend to be inherited; for at the
present day slight deviations of structure often oceur and
are inherited. 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 correla-
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tion with one another, 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
scutelli 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 feet with that
of the 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 skeleton,
such as the sternum, scapulie and feet, would in consequence
become slightly reduced in size.

As in our assumed case many birds have to be indiscrimi-
nately killed every year, the chances are against any new
variety surviving long enough to breed. And as the varia-
tions which arise are of an extremely diversified nature, the
chances are very great against 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 first caused the variation in
question to appear, but would in addition inherit from their
modified parent a tendency again to vary in the same manner.
So that, if the conditions decidedly tended to induce some
particular variation, all the birds might in the course of time
become similarly modified. But a far commoner result would
be, that one bird would vary in one way and another bird in
another way : one would be born with a beak a little longer,
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
be a body of individuals differing from each other in many
ways, but only slightly; yet more than did the original rock-
pigeons. But there would not be the least tendency towards
the formation of several distinct breeds.

If two separate lots of pigeons were treated in the manner
just described, one in England and the other in a tropical

VOL. I 2x
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country, the two lots being supplied with different kinds of
food, would they after many generations differ? When we
reflect on the cases given in the twenty-third chapter, and
on such facts as the difference in former times between the
Dreeds 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 conditions
is in most cases insufficient; and, with respect to pigeons, I
have had the opportunity of examining a large collection of
domesticated kinds, sent to me by Sir W. Elliot from India,
and they varied in a remarkably similar manner with our
European birds.

If two distinet breeds were mingled together in equal
numbers, there is reason to suspect that they would to a
certain extent prefer pairing with their own kind ; but they
would often 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 oe-
curred. From certain breeds being prepotent over others, it
does not follow that the interblended progeny would be strictly
intermediate in character. 1 have, also, proved that the act
of crossing in itself gives a strong tendency to reversion, so
that the crossed offspring would tend to revert to the state
of the aboriginal rock-pigeon; and 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.

T have just said that tho crossed offspring would gain in
vigour and fertility. From the facts given in the seventeenth
chapter there can be no doubt of this fact; 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. But
we should bear in mind that the structure of all herma-
phrodite animals, as far as I can learn, ‘mits and fre-
quently necessitates a cross with a distinct individual. With
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hermaphrodite plants we incessantly meet with claborate and
perfect contrivances for this same end. It is no exagge-
Tation to assert that, if the use of the talons and tusks of a
carnivorous animal, 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 distinct plant. From
these various considerations, not to mention the result of a
long series of experiments which I have tried, the conclusion
arrived at in the chapter just referred to—mamely, that great
good of some kind is derived from the sexual concourse of
distinet mdividuals—must be admitted.

To return to our illustration: we have hitherto assumed
that the birds were képt down to the same number by indis-
criminate slaughter; but if the least choice be permitted in
their preservation, 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
in a surprisingly short time by careful selection. As any
part which has once varied generally goes on varying in the
same direction, it is easy, by continually preserving the most
strongly marked individnals, ta increase the amount of differ-
ence up to a high, predetermined standard of excell
This is methodical selection.

If the owner of the aviary, without any thought of making
anew breed, simply adwmired, 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 he would thus in the course of time sensibly modify his
stock. It is improbable, if two men were to keep pigeons
and act in this manner, that they would prefer exactly the

- same characters; they would, as we know, often prefer
directly opposite characters, and the two lots would ulti-
mately como to differ. This has actually occurred with
strains or families of cattle, sheep, and pigeons, which have
been long kept and carefully attended to by different breeders,
without any wish on their part to form new and distinet sul-
Dreeds: This unconscious kind of selection will more espe-
dally come into action with animals which are highly service-
252
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able to man ; for every one tries to get the best dogs, horses,
cows, or sheep, without thinking about their future progeny,
yet these animals would transmit more or Jess surely their
Zood qualities to their offspring. Nor is any one 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 tho best. With ani-
mals kept for use and not for mere amusement, different
fashions prevail in different districts, leading to the preserva-
tion, and consequently to the transmission, of all sorts of
trifling peculiarities of character. The same process will
have been pursued with our fruit-trees and vegetables, for
the best will always have been the most largely cultivated,
and will occasionally have yielded seedlings better than their
parents.

The different strains, just alluded to, which have been
actually produced by breeders without any wish on their
part to obtain such a result, afford excellent evidence of the
power of unconscious selection. This form of selection has
probably led to far more important results than methodical
selection, and is likewise more important under a theoretical
point of view from closely resembling natural selection. For
during this process the best or most valued individuals are
not separated and prevented from crossing with others of the
same breed, but are simply preferred and preserved ; yet this
inevitably leads to their gradual modification and improve-
ment; so that finally they prevail, to the exclusion of the old:
parent-form.

With our domesticated animals natural selection checks
the production of races with any injurious deviation of struc-
ture. In the case of animals which, from being kept by
savages or semi-civilised people, have to provide largely for
their own wants under different circumstances, natural selec-
tion will have played a more important part. Hence it
probably s that they often closely resemble natural species.

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, owing to fashions running into extremes, to
produce each character more and more strongly pronounced,
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there is, through the prolonged action of methodical and
unconscious selection, a constant tendency in every breed to
become more and more different from its parent-stock ; and
when several breeds have been produced and are valued for
different qualities, to differ more and more from each other.
This leads to Divergence 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 interbrecding, by lessening their vigour and fertility,
aids in their final extinction. Thus the intermediate links
are lost, and the remaining breeds gain in Distinctness of
Character.

In the chapters on the Pigeon, it was proved by historical
evidence 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 been lost. Other cases could be adduced of the extine-
tion of domestic 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 present day ; and at least one variety of
« the bullock, formerly known in Egypt, has in like manner
“ become extinet.” 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, the production of
new varieties and their extinction has incessantly recurred.
At the present time improved breeds sometimes displace older
Dreeds at an-extraordinarily rapid rate; as has recently occurred
thronghont England with pigs. The Long-horn cattle in
their native home were * suddenly swept away as if by some
*murderous pestilence,” by the introduction of Short-horns.®

4 M. Rufz de Lavison, in An-.u Soe. p 17

c. 9.7 Youstt on Cattle, 1834, p. 200,
On Pigs, sec *Gard, Chronicle, 1854,
Eng. Tnmshb, P-410,

Races of Min,”
# ¢Trayels in Pern,

T el e e B e T e



422 CONCLUDING REMARKS. Cuar. XXVIIL

‘What grand results have followed from the long-continued
action of methodical and unconscious selection, regulated to &
certain extent by natural selection, we see 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 respect to their former
stute. Most of our domesticated animals have given rise to
numerous and distinct races, but those which cannot be easily
subjected to selection must be excepted—such as cats, the
cochineal insect, and the hive-bee. 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 preserved a pigeon with its csophagus a little
enlarged, its beak a little longer, or its tail a little more
expanded than usual, never dreamed that he had made the
first step in the creation of a pouter, carrier, and fantail-
pigeon. Man can create not only anomalous breeds, but
others having their whole structure admirably co-ordinated
for certain purposes, such as the race-horse and dray-horse, or
the greyhound and bulldog. It is by no means necessary
that each small change of structure thronghout 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 so profoundly modified some breeds, that
asuredly, if found wild, they would be ranked as distinet
genera.

The best proof of what selection has effocted 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 scen by comparing the amount of difference
hetween the fruits produced by the several varieties of fruit-
trees, between the flowers of our flower-garden plants, between
the seeds, roots, or leaves of our culinary and agricultural
plants, in comparison with the other and not valued parts of
the same varieties. Striking evidence of a different kind is
afforded Dy the fact ascertained by Oswald Heer,® namely,
that the seeds of a large number of plants,—wheat, harley,

® ¢ Die Pflanzen der Pfahlbauten,’ 1865,

‘
1
1
!
i
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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 varieties. - Riitimeyer
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 sucgeeded during the Bronze age by a stronger kind, and
this again during the Iron age by one still stronger. The
sheep of Denmark during the Bronze period had extra-
ordinarily slender limbs, and the horse was smaller than our
present animal.’  No doubt in most of these cases the new
and larger breeds were 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 has supplanted
a previous and smaller breed, was the descendant of a distinet
and larger species; it is far more probable that the domestic
races of our various animals were gradually improved in
different parts of the great Europmo-Asiatic continent, 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 o 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 to every character,—long-continued per-
soverance, —facility in matching 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
greater chance of the occurrence of well-marked deviations of
structure. Length of time is all-important ; for as each cha-
racter, in order to become strongly pronounced, has to be
augumented by the selection of successive variations of the
same kind, this can be effected only during a long series of
generations. Length of time will, also, allow any mew
feltm to become fixed by the continued rejection of those

® Morlot, *Soc. Vaud. des Seien. 1 Ritimeyer, ‘Die Fauna der
n-z'um, 1860, p. 298, Piahlbauten,’ 1861, s.
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individuals which revert or vary, and by the preservation of
those which still inherit the new character. Hence, although
some few animals have varied rapidly in certain respects
mnder new conditions of life, as 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 par-
ticular 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 augmented by un-
conscious 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 succeod 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 further improved sub-breeds, and if not
exposed to greatly changed conditions of life inducing further
variability or reversion to long-lost characters, it may ap-
parently 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, of which one s figured on the anciont Egyptian

—with the solid-hoofed swine 1t by
Aristotle—with five-toed fowls described by Columella—and
certainly with the nectarine. The dogs represented on the
Ggyptian monuments, about 2000 n.c., show us that some of
the chief breeds then existed, but it is extremely doubtfal
whether any are identically the same with our present breeds.
A great mastiff sculptured on an Assyrian tomb, 640 .o, is

1 Godron, ¢De PEspbes;” tom. i, 1839, p. 368,
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said to be the same with the dog still imported from Thibet
into the same region. The true greyhound existed during the
Roman classical period. Coming down to a later period, we
have seen that, though most of the chief breeds of the pigeon
existed between two and three centuries ago, they have not
all retained exactly the same character to the present day ;
but this has occurred in certain cases in which no improve-
ment was desired, for instance, in the case of the Spot and
Indian ground-tumbler.

De Candolle** has fully discussed the antiquity of various
races of plants: he states that the black-seeded poppy was
known 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 reap-
peared. One variety of barley and apparently one of wheat,
both of which were cultivated at an immensely remote period
by the Lake-inhabitants of Switzerland, still exist. It is
said 1* that * specimens of a small variety of gourd which is
“ still common in the mm-kat of Lima were exhumed from an
* ancient cemetery in Peru.” De Candolle remarks that, in
the books and drawings of the sixteenth 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 theso plants are absolutely identical with
our present sub-varieties is not certain. 1t 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. "

In accordance with the views maintained by me in this-
work and elsewhere, not only the various domestic races, but
the most distinct genera and orders within the same great
j _class—for instance, mammals, birds, reptiles, and fishes—are

1 (Géographie Botan.’ 1853, p. ™ ‘Journal of a Hortieultural
3 Tour," by a Deputation of the Cale-
_ U Pickering, ‘Races of Man, donian Hist. Soc, 1823, p. 203,

1830, p. 818,
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all the descendants of one common progenitor, and we must
admit that the whole vast amount of difference between
these forms has primarily arisen from simple variability.
To consider the subject 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 beneficial under excessively complex con-
ditions of life has been preserved, whilst each which was in
any way injurious has been rigorously destroyed. And the
long-continued ac umulation of beneficial variations will
infallibly have led to structures as diversified, as beautifully
adapted for various purposes and as excellently co-ordinated,
as we see in the animals and plants around us. Hence I
have spoken of selection as the paramount power, whether
applied by man to the formation of domestic breeds, or by
nature to the production 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 preci-
pice 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 indispensable to the architect,
bear to the edifice built by him the same relation which the
fluctuating variations of organic beings bear to the varied
and admirable structures ultimately acquired by their modified.
descendants.

Some authors have declared that natural selection explains
nothing, unless the precise cause of cach slight individual
difference be made clear. 1f 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 frag-
ments were used for the arches, flat stones for the roof, &c. ; and
if the use of each part and of the whole building were pointed
out, it would be unreasonable if he declared that nothing had
been made clear to him, because the precise cause of the shape
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of each fragment could not be told. But this is a nearly
parallel case with the objection that selection explains nothing,
becanse we know not the cause of each individual difference in
the structure of each being.

The shape of the fragments of stone at the base of our pre-
cipice may be called accidental, but thisis not strictly correct ;
for the shape of each depends on a long sequence of events, all
obeying natural laws; on the nature of the rock, on the lines
of deposition or cleavage, on the form of the mountain, which
depends on its upheaval and subsequent denud.ntlon, and lastly
on the storm or which th:

But in regard to the use to which the frugmenh may e put,
their shape may be strictly said to be accidental. And here
we are led to face a great difficulty, in alluding to which Tam
aware that 1 am travelling beyond my proper province. An
ommiscient 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 the words in any ordinary sense, that certain frag-
ments of rock should assume certain shapes so that the builder
might erect his edifice? If the. various laws which have
determined the shape of each fragment were not predeter-
mined for the builder's sake, can it be maintained with any
greater probability that He specially ordained for the sake of
the breeder each of the innumerable variations in our do-
mestio animals and plants ; — many of these variations being
of no service to man, and not beneficial, far more often inju-
rious, to the creatures themselves? Did He ordain that the
erop 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 a breed might be formed of indomi-
table ferocity, with jaws fitted to pin down the bull for man’s

tal sport? But if we give up the principle in one case,—
if we do not admit that the variations of the primeval dog
were intentionally guided in order that the greyhound, for
instance, that perfect image of symmetry and vigour, might
be formed,—no shadow of reason can be assigned for the
belief that variations, alike in nature and the result of the
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same general laws, which have been the groundwork through
natural selection of the formation of the most perfectly
adapted animals in the world, man included, were inten-
tionally and specially guided. However much we may wish
it, we can hardly follow Professor Asa Gray in his belief * that
* variation has been led along certain beneficial lines,” like a
stream “ along definite and useful lines of irrigation.” . If we
assume that each particular variation was from the beginning
of all time preordained, then that plasticity of organisation,
which leads to many injurious deviations of structure, as well
as the redundant power of ion which inevitably leads
to a struggle for existence, and, as a consequence, to the
natural selection or survival of the fittest, must appear to us
superfluous laws of nature. On the other hand, an omni-
potent and omniscient Creator ordains everything and fore-
sees everything. Thus we are brought face to face with
a difficulty as insoluble as is that of free will and predesti-
nation,
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ped

blacl int
South America, i. 243,
a varioty of maize, . 389,

Bauazox, G, Cy on the orign of the
plum, British species of the
genus Ilum, i 890; disinctness of
Viola lutea and tricolor, i. 3

BAcHMAN, Mr.,on the turkey, ii. 250.
Seo also Audul

bon.
Bavez, breeding in confinement, ii.

< Brakporre TAvER"

Bamwy, Mr., on the eﬁ'ect nf selectmn
on fowls, i. 182; on Dorking fowls,
ii. 224,

B, S, on the origin of the turkey,

an, Mr., on hereilty in the horse
455< degenemmn of the
Horse by neglect, 1, 3253 orders of
Henrys VIE and VI, for  the
dstruction of Szl mars 1

188,
BuxEWELL changs in the sheep fcted
by, i. 182,

, il 335, 336 ; of growth,

jaw of,
BALDREAD (pigeon), i. 158,
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Yariegated

leaves n, L 409
BAMBOO, varieti
BANANA, variation of the,

of the, ii. 243.
i, 396, i
S8y Dodeeariation . the, 1,401}
sterility of the, i. 256.
S i S it
of, i, 743 sterility of,
Barp (pigeon), i 101, 15::, 20
125" figure of, i, 152; figure of

Ba:

Buuxnmv, dark or Sriisand variety,
reversion in suckers of

i

P g
Guinen i 103; fowls 2ot masive in

Guinea, i, 249,
BARKING, acquisition of the habit of,

¥, wild, L’ éaof of th

the hautbois strawberry, i.
the Scarlet Am o

184,

BART, Dr., use of grass-seeds as food
in Cental Afic, i 325.

Bugmiur, A.D, on the origin of
“Himalayan” 7abl
ing, i. 1135 on the feral abbte af

of b md-, ii. 112; on the b
ot the Felids in captivity, i 1844
so-called hybrids, ii. 316.
ARTRAX, on_the black wolf-dog
Virids 1. 25.

Ban ., refusal of

o

e
captivity, ii. 132, 185,
mnmy of Anerices Taonkeye




BATRACHIA.

INDEX.

433

BENNETT,

u)ﬂvﬂ{ ii. 136 sterility of tamed

i, ii. 398,
BEACH, raised, in Peru, containing heads
maize, i. 338,

lity of, in fowls, i. 2713

didlarences of in pigeons,
i. 168; correlation of, with the feet
in pigeons, i, L30-184.

lnu, uml, on the cantents of cells,
ii. 372; on the m: nlnphnum of in-
f.num atoms, i 3

BrAs, i. 349; of Svin I-h-d::‘
B8T; vasieties rod
selection, ii. h—n;

ongbd g nv-'., i,
290, 305 auparioity of naire seel

o, i 305, & epamatri

of scariet, ii. tlpﬂn-n on

g5k :u, with monstrous

abortive leaflets, ii.

Brarp i 1 s ‘M
Beans, in up“ﬂ‘y'

m-n o roversion in crossed o

] h‘m. D,, -Em. of woil upon straw-

berries, i. i f pel

l-lln.l sn. 13

in Gladiolus coleili, i. 407 ;

& ween Scotch kail and cab-

pigeon,
in the colour of Cthe eroup in
i, 193; on the German dove-
1105 furilit of mon-
L 208; brid

of | selection,
Begonia

e canary-bird, i."811, 465, L.
m; German superstition wbout the
tarkey, 1 309} cocurresss of herse

breeds of ii..s
hybrids of the horse and
coouses of tailles fowle, i, 703 lnb

culty of pu ey
ploas 1 83t of tame
errots i nn Joiley

and_ rabbi
of wikd ow, 8. diflen broed-
ing caged birds, il. 137; comparative
fertility of Pittacus -vm-.’:.
tivity, ii. 138 ; on changes
in captivity, ii. 1413 1
light il . the i
8. 9147 went of erareoe »

mption, ii.
p.nmmy of character of, ii.
i Intercrouing, i lo7;
cvaveyasce of pellen of pess by, 1.
Bax Oranrs, wif-hrtilimtion of, .

Bz, dark-leave, . 385, 4632; forn-
leaved, reversion of, i. 408 ; weeping,
non-production -u,..a,uu
Basonkr, hecsesof Lasshoo llaads,
Bm,Ll“;lly.-d'uprh,by

frigida, singular vaziety of, i.
3893 sterility of, i. 10
BELGIAN rabbit, i. 110.
L, T., statement that white cattle
Bave coloured sar,
B, W, bul-variation in Paritiun
triouspis, i. o8,
BELLINGERI, observations on gestation
In thedog. 313 on the Seiltyief

4 L IIMyh'
phlagonia, i.

=

219; mw-d lhn

goose, i. 305,
BeNoUELA, cattleof, i, 92.
BRexerr, Dr, G, g oL the Facte
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BLYTH,

i
ivatod plamts i T b i,

BENNETT, Mr., o the fallow deer, ii.
81.

mtuan, G uumber sad origin of
cultivated plants, i
lus, . 3.>o‘ sl oy
varleties, i. 3303 s of

1 958; dutinctions

. 838; Bri-

wa/lu:hi tndiftrence of to ali-

5. n,}m the history of the dog, i.

17, 18.

BERKELEY, G. K., production of hen-
cocks in a strain of game-fowls, i.
25

BERKELEY, M. J., crossing of varieties
of the pea, i. 428 ; effect of foreign
pollen an Erapes, 1. 430+ on hybrid
plunzs, . 13 analogy

llen cl i
i
Kiduey mm, ii. ess fuiluro of In-
dian wheat in England, ii. 297.

BERNARD, inheritance of disease in the
horse, i, 455.

BeARD, C, independence of the or-

ns of the body, ii. 3643 special
affinities of the tissues, ii. 3

BemNuARD, varieties of plants with

Tnciniated leaves, ii. 341,

Bernicla antarctica, i. 303.
BT, o feal pigeons in Juan Fer-

ez,
Betula abbi,
BEioe Ga che el wild ettt

Braxcost, Prof,
i 85,

B, reference to breeding studs of
hnmun, 1. 575 references to domes~

in the,i. 214 indications

brilindm e . the,i. 186
otice of mules i they

Bumemz i £ wlampmm in
Am 126

on the skulls of dogs,

iz selsterility
Buncn, weepiag, i. 418, 461.
Bl Do the euik ot
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cation of the pigeon in Egypt, i
214; notice of bantam fowls in a
Japanese encyclopadia, i. 241,

Buner, Wmu.\' on silver-grey rabbm,
i llS

ons,

BranbERAUT. unamy “of the, to be-
come double, i 152,

BLAINE, Mr,, on wry-legged terriers,
ii. 232,

BLLINVILLE, orgin and bstory of the

dog, i. 15-1 the

i dogs, i. 363
yesiaion lo the sumber of el 18
mummies of cats, i.
froy o cn- umolagy of solid-hoofi
pigs, ral Patagouian and
i ign . 0.
“ BrassTAUBE,” i. 163,

BLEEDING, hereditary, . 452; soxual
limitation of excessive, i. 48.
w8 o s

pied by th
BLINDNESS, hmdmry, i 4545
lsltx.ulku.l mth

ocen-

Lo0DI0UNDS, degeneration of, caused

by interbreeding, ii. 100.

BuvMeNpaci, on the protuberance of
the skull in Polish fowls, i, 2695 on
the effect of circumeision, i. 467

o ke pariah dog, i. 25,,.
f dog and jackal, i. 33

crly domestcation of cats fn Tndin

. 455 m‘gmc .1.
b
id; on Tdian cats rmembling 2l
claus, i. 473 on striped Burmese
ponies, i. 613 on_the stripes of the
ass, i 653 on Indian wild pigs, i 693
a humped cattle, i. 83 occurrence
fromtos:s l

116, aumber of afl feathers! i



‘BOETHITS,

INDEX.
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BOSMAN.

tails, i. 133; Lot tumbler pigeons,
i, 157; number of tail-feathers in

s, i. 675 on Columba affinis,
i. 192; pigeons Mmtmg in tree |
1903 on Columba lewconota, i. 191
on Columba intermedia of Srickland,

194; feral pigeons on the
2W, occurrence of sub-

specis of pigeons, i. 214, wotice of

pigeon-fanciers in Dol

domest hes, 1 945; euppored by
bridity of Gallus temmincli, i. 248 ;
e sstons sud domersionion of ol
lus bankiva, i. 247, 248; cmlmz ol‘
yild aad tame fowls in

of the larger

248; ge
gallfaacoous birds, 1, 349 feral fowla
i the Nicobar Islnds, . 249 black-
skinned fowls occurring near Cal-
cnlh, i. 2695 weight of Gallus ban-
; legeneration of the
turkey in Indn i. 310,
the colour of gold-fish,
version_from .

zhmzmg of birds in captivity, ii.
5 co-existence of large and small
in the same country, ii. 268 ;
on the drooping ears of the clephant,
it 201 homology of legand wing
i,
Borraon on Seoit wild cattle, i. 88.
Borrarp and Corbié, on the breeds of
r«w,x 138; Lille pouter pigeo,
145; motice of & gliding pigeon, §
1645 variety of the e pouter pigeon
170; dove-cot. pig: 1945 o
B pigeons, 1 20, is. 75, xo7,
| sterility of hybrids of turtle-doves, i
3 reversion of crossed pigeons,
207, 145 on the fantail, s
425 on the trum 3 pre-
of transmission i nlky fan-
42, 44; secondary sexual

ii. 70; fertility of pigeons,

Bomvom, wingless fomales of, i
2
Bombyz hesperus, i 294
Bombyz ;.n"ém i. 318,
Bombyz mori, i. 317331,
BoNAFOUS, on maize, i. 338,
BONAPARTE, number of
Columbide,

339,
species of
139; number of tail-

193; Cohinba
turriola, rupestris and schimperi, i.

Dot speciosa, development of ovary
of, i. 434,

BoxAvLA, Dr., growth of cauliffowers
in India, ii. 30 5

Boxen, M., semi-feral sheep,

Boxts, removal of portions of, i, 2863
regeneration of, i 284 growih and
repair of, i.

Boxtzzr, on plgenu,l 138, 170,

BONNET, on the er, ii. 857,
2685 theory of Feprotuction, . 851,

BoreiNEYER, experiments vith the
seeds of the weeping ash, i,

BorkcoL,

BowELs, on Polish fowls, i. 260,

BorxEo, fowls of, with tail-bands, i.

Bolsn, E, condition of the ovary in
hybrid Cisti, us, self-impotence
i i 1

Cisti,
30w, G, on golaters .
Boky b S42xr-VISOLT, on gold fish,

B, probnhle origin of European do-
mestic cattle from three specie of,

Bw /ranl-wu, 85.

Pl long ifrons. i, 83, 85, 86.
Bos primigenius, i. 83-84, 86, ii. 98.
Bos sondaicus 191,

85.

Boso,hersity in foliage-varieties of the
elm, i.

Bosse, pmnmmn of double flowers
from old seed,

Bosst, on bre«lmg dark-coloured. silk-
wnlml, i 319,

Bosxa

, on dogs of Guinea, i, 40.
2F2
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BOUCHARDAT.

INDEX.

BUOOMFIELD,

BoUGHARDAT, on the. vino diseas, i
Bovnr, on local disone, i
sistan ufd-.rk—cnmplexlnnetl
e, i .ms.
ULANS,” . 143,
“TBouToN W'Alep” i, 265,
BOWEN, Prof., doubts as to the import-
ance of inheritance, i. 446.
Bowaus, Mr, heroditary peculirites
in the human eye, i. 452-454; here-
ditary_cataract,

Brace, Mr, on Hungarian cattle, .84

Brachyeome teridifolia, i.

Bracts, unusual develnpment of, in
oseberries, i. 877,

BraLEY, Mr., effect of grafts upon the
stock i the ash, i. 4183 effect of
foreign pollen wpon apples, 3. 432;

change of soil,

“Bramas Pootrus!

a new breed of

fowls, i, 258.

Brars, proportion o, in hares and
rabbits, i. 130134,

Baxy, D, ariginal the goa, 105;
correlation of teeth and hair, ii, 821,

Brassica, varieties of, with enlarged
stems, il. 341,

Brassica asperifolia, ii. 3

Brassica napus, i. 344.

ﬁ\llnga of s, 1. 408 ; spontancous
production of Cltisus purpureo-cion-
dus, i. 416 5 reversion of flowers
by stripes and blotehes, ii. 11 ex-
cess of nourishment o source of
variability, il. 244.
Braziy, cattle a(‘ i. 92,
oties of, Ji. 243 ste-
Fisbility o £, i 256.
., bud-variation in Geranium.
entaurea cyanus, i, 404 ;
by tubers in the dahlia, i 411 ; on the
deafness of white cats with blue eyes,
ii, 822,
BREEDING, high, dependent on inheri-
tance, i. 446, 447
BreEps, domestic, persistency of i, 23 s,
423, 424 artificial and natural,
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409,410 ulmctmn of, .4
domestic 47-49; of pi
e by svcasing, 1. 835 of cathln 1
90, 94-975 of goats, i. 105.
ek, o Colamba anmali, . 192,
B. P., number of mamma in
nbhm, i. 110 habits of the tumbler
pigeon, wgher pigeon, i. 163;
n\lnng o he e tumbler, i, 169
crossing of the pigeon with Colunba
@nas, i. 2623 mongrels of the trum-
425 clows inerbroadd

; of

BrEN

n th
Boict i. 800, Josibapuriad Dorking

fowls, i, 267; effoct of crossing on
colour of plumage in fowls, i. 2703

tween non-setting varieties of fowls,
i, 183 origin of the domestic duck,
i. 2013 fertility of the hook-billed
duck,

in crosses of
ucks, iid. ; Pevenin i il Trod

ced by cromiag, i 143w
the canary-bird, i. 511} fash
the canary, ii. 226 ; hybrids of canary
and finches, ii. 20.

BRICKELL, on raising nectarines from
eed, i. 3603 on the horses of North
Carolina, .

Bripais, M., on the dogs of Tiorra del

Fuego, i. 41 5 on the seloction of

o

it ates Toca il
vy, i i, 14
Brocoorr, i 341 rufimentary

4 of the

fasbuy Bel by selction, I 168
'1eLp, Dr., lt rility

and Acorus calam




BROMTS.
Bromus secalinus, i. 831,
Broxx, H. G., bud variation in Anthe-

1u on the

captis my,
Sablinr 5. 240
Buowzs perid, dog of . 19.

M., prepotency of a grey-

variations in the dentition

of the horse, i. 5
Browx-SiquakD, Dr., inheritance of
lnlﬁcmlly pruduunl epilepsy in_the
8 inherited effects

Buckaxy, F., on nynun‘ £.970¢ -
ber of eggs in a codfish, ii.

Buckr, Mr., doubts as to o lmpm‘-

tance of inheritance, i. 440

v, Misw carier-pigeons soosting

in trees, i. 190,

Brokxax, Prof, cultivation of Avena

50; cultivation of the wild
m. § rever-

parsnip,
on in the

BuckwiaT, m,nmu. when in flower
to whlh pigs, il

Bup an ) close analogy of, i

roduction, i. 397 5 peculiar to
oo . 508, in m peach, i. 360,
98; in plums, i. 399; i

berry and cn:‘inl, i. 400; pear and
apple, i. 401; and in the banana, ea-
mellia, hwthorn. Asalea indioa, and
i 402; in the

ollyhock and. pelargoniu, id.5
J.,.m. dovs and the. chry.
-n!hemnm,) 4045 in roses,
06; in sweet wil

0,
arnu-

tions, pinks, stock apdragons,
i. 406, 407 ; in wall n»nm, nydu-
men, biennis, G

colvill

eryptogunie plants, i by'
suckers in Phloz and

bulbs in hynclnlh».
yllum’ m iatum, and tulips,

mate
Gi; in Tiridia omoifors, L. 412
in Hemerocall M . ; doubtful cases;
i 412-413; tisus adami, i. 413

i1s; rumisary of slservatiocs toy

chx, on cing
i 325 increase of frlity by domes:
tieation, ii. improvement of
plants by Sdif, selection, i,
2005 theury of reproduction,i. $70.

the wolf and dog,

Bow, .pp..—m influence of, on off-

366
neratonof in ndi.90;
ifications
Bosiantn breeding i i nm,, i
137§ attacking flower-bu.
Bowr, M., on, the lenge hofpon
igeons, i. 2
-~ i:vmn-wnwm."l
BUNTING, reed, in ca .vu'. ii. 141,
BURDACH, crossing of domestic and wild
animals, i. 69; aversion of the wild
3.

boar to barley, ii. 20:
jurke, Mr., inheritance in the horse, .
455.

Burlingtonia, ii. 116,
BURMAM, cats of, i. 49.
Bomsai paies, sried. i
B, S A on the Keeakaol sheep,
. 268; varieties of the vine
in Caboo, 1. a.m hawks, trained in
Scinde, ii. 1.
ducing :eell‘ i 1 2,
BuRi, FEARING, potato-grafting, i, 422,
BURTON CoNSTABLE, wild cattle at, 1. 88,
 Bonam Tavamy” |
BOSSORAH carrier,
B-m olgris, prd e of, in captiv-

nm:m..u. polymorphic, ii, 304,
parrots breeding in Nor-
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BUZAREINGUES.

INDEX.

CARLIER,

BuzAREINGUES, Gikou DE, inheritance
of tricks, i

CABANIS pears grafid on the quince
i. 2:

Cansac, i, 3418445 of, i
SLs Sals of st in s Aowirs
and 'seeds of, i. 542; ated by
ncient Celts, did. ; e

etics of, ibid. ; ready crossing of,i.

343, ii. 68, 76.110 ; origin of,i. 343

increased fertility of, when culti-

vated, ii. 91; growth of, in tropical

tion in Brazil,

Cacrus, growth of oochineal on, in
India,
CﬁAR, Im prtrlnw'mus wild in Europe
in the wtice of fowls
ai notice of the im-
portation of e by the Celts,
18

CA¥FRE fowls, i.

Cavrres, Hfieent b of cattle pos-
sessed by the, 1. 91.

“Cko1a8,” a bread of thesp, L 09,

Gk skt

CALDWELL, J., sporting o sugar-cane,
i 410.

Cawoxaos,” a Columbian breed of
cattle, i. 92,

CaLVER, Mr., on a seedling peach pro-
ducing both peaches and nectarines,
i 362,

c.u.vx, segmm of the, converted into

. 3

ey i s to sroming water i
190.

Camellia, bud-variations in, i. 401; re-
cognition of varieties of, ii. 238 ; va-
riety in, ‘hardiness of, ii. 299.

., on the cultivation of

‘Alpine i, B, 147,

Cuxmmons, e SiTAREE R
blood in race-horses,

i

stmD, . 5113 conditions of in-
heritance in, i. 465; hybrids of, ii
203 period of perfect plumage i, i.
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535 diminished fertility of,
standard of perfection in, ii.
analogous varation in,

Cuvom, herelity o, i, 452,
CANFIELD, Dr., on_hors
B0 05 ¢ e feal horse in N

i, 1455
179;

America, i,
CANINE teeth, development of the, in
‘mares, ii. 310,

Canis alopez, 1. 30.
Canis antarcti-us, i. 2
Canis argentatus, i. 134,
Canis aureus, i. 30.

erivorus, domestiated and

naked Peravian dog,

Casiy inge, the
L 24.

Conda o, . 87 ronerbinncn sl
the Hare Indian dog, i. 22; one of the
original stocks, i. 2

Cunis fupaster, 1. 25.

Canis lupus, var. occidentalis, rosem=
Blaace o, to North American dogs, b

5 crossed with dogs, i. 23; one of
i original stocks, i. 26.
Canis mesomelas, i. 26, 30.

Cunisprineus, tamd by i Hodgeon,

Conte x'aum, 18
Canis inensi pwlbln original of grey-
hound:

Canis mrwyama, ‘
CaxniNg, A. 8. G., e japanned pea-
cock, i. 305-307.
Cnrmmn mu - doubled by selection,
185.

Cavs of Good Hepe, diftrent kinds of

eattlo at the, i lants
esived from 1
APERCATLZIE, breeding in captivity, il
, agagrus and C.

e pmm. oF ot g»nt, (Rt
CAPSICUM, i. 396,
'ARDAX, on a variety of the walnut, i
B0 on gre fted walnuts, ii. 247.
ARDOOY, ii.
Care rigida, Toeat sterility of the, ii.

CaRLER, early selection of sheep, fic
188.
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Canuste, Sir A., inheritance of pecu- | purpureus . lburam, L. 416
linrities, i. 450, 452 of polydacty- |  tritacial unp, 8; differently-
lism, . 4 clnirad e o U Wi P

by ng and wh
4361 oflct of omdisicnsof lifhenthe,
il 21
CamNivORA, general fertility of, in cap-
tivity, if. 133,
Canouixs Archipelago, eats of, i
uxnu. nrhuo- d‘. in cultivated Cu-
curbitaces, |
xTER, W. tion of
n. 284y umber of eggs in an Ascaris,
hp-n betulus, ii. 385,

Carpophaga vioa, i, 408.
Cam, . afec of changed conditions,

and the 359 I.*-lri—

; L350,

© leaves, i. 364 riati the
vine, i. 398 ;
i, 406 inherit plrph-hlnl
trees, 1. 4

Ty mmum, i. m,

3 grafts of Aria cestita

it mmuuy.n,w.
ﬁ.

3
§

rid
=

‘;

(CARTIER, cultivation of native plants
- in Canada, i.

CaRYOPHYLLACEX,
~ bescence in the, ii. 149
 Caseany, bud-variation i
yose, 1405 ; R e i ot
BN b, L. 415 crosing of Cytious

e 1. |

horse-

radish, i
CASTELNAT, on Brazilian cattle, i. 92.
female cha-
racters caused by, ii, 26, 27,
Casarius bennatti, ii, 140,
Car, domestic, i. 45-50; early domesti-
of the, i.

wea, i ‘:0 sterility of the

zebus, 5 i
S Sl I
irton and Gisburne, i,
87, i, 973 colour of foral, i, 88-89,
i of, i. 90, 91;
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CAULIFLOWER.

INDEX. CHINA, %

m..mm i 180; o with wild
banteng in Java,
vicuihan in

191; with re-

scious selection in,

natural selection on anomalous br

of, ii. 211, 212; light-coloured, at-

tacked by flies, i, 214, 330; Jersey,
rapd improvement of il 220 ; offects

of disuse of pu

nenbiry Biys 306 ; supy

1480 56 bttty o the oo of

malogous
L 541, displnemaent
of long: Sommed by short-horned, ii.

mmrmwzn, i. 841; free-seeding of,
in India, i. 501 ; rudimentary flowers

CaviLtzn pigeon, 1. 75.

Cavia aperea, fi. 134

Cax (Cobus azara), sterility of, in con-
finement, i

Cobus azara, ii.

Cecidomyia, arval development of, ii.
273, 353, 363; and Misooampus, 3. 5.

CEDARS of Lebanon and Atlas,i. 387.

CELERY, turnip-rooted, i. 344; run wild,

CeLi-THEORY, i. 366,

Colosia cristata,

Grtags, on the seleoion of seed-corn, .
336, ii. 1

Cevrs, early enltivation of the cabbage |

by the. . 342; seletion of cattlo and

s oy the, . 187.

/‘cm:hrvr.w, fosddof  wasd as 13,
326,

Centairea cyamus, bud-variation in, i.
CrpHALOPODA, spermatophores of, ii.
379,

Cerasus padus, yellow-fruited, i. 462.
Cercoleptes, stetility of, in captivity, ii.
34,

134,
Cercopithiecus, breeding of a species of,
in eaptiviy, . 138,

0; of the Neolithic
in Sv«nzcmnd,; 335; adaptar
to soils, ii. 295

1.

Band Otiental, u.‘
ing characters

cloisims e pyllanths, re-
hybr

tion o dermal systems
and teeth in the, i. 3

CEYLON, cats of, 1. 48 p.,wn fancying
in, i. 216,

CrnaMiso, on seeding bread-fruit, ii.
152

52.
CraxyEr Islands, breeds of cattle in, i.

Criamsa, Profsor, ponch-troe pro-
ducing nectarines, |

Caarurs, ual pemlmntles in
pigeons, 5 effect produce

S e waion of some pgeons
Cuanacris,
. 2!

vesgeace o, 1227 antagoaitin
395.

CaarDry, abundance of pigeons in Per-
s, i

CHARLENAGNE, orders as to the selection
of stallions, .

CuarTLEY, wild cattle of, i, 88.

CRATE, reversion of the ,upper e 8
the pods of stocks, f. 340.

CuAvNDY, i, crosed varioios of cab
bage, ii.

CregAN, general sterility of, in eap-

33,

i, i. 407.

368, 369 T reria ey

i 8995 white Tartarian, ii. 2153
variety of, with curled petals,
period of Tegstation of changed by
forcing, ii. 3

CHEVREOL, on crossing fruit-trees, fi.
110.

CitokENs, differences in characters of, i.
261, 262; white, liable to gapes, ii.
213, 330,

Cmgos, ii. 265,

CHILE, sheep of, i

CHTLLINGHAM cattle, identical with Bos
rinigenis, 1. 84 ;charactersof, L 88

A1L0E, half-castes of, i. 2

Cura, cats of, with drnnpmg o i

49 borses of, i. 563 striped poni
25 asses of, 1. 66; notice pr
mbbmm,by(lonf\m\u 107 ; breeds
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CHINCHTLLA.

INDEX.

441

covorn,

f pigeons reared in, i. 2163 breods
G Kok of, i Ehots sestary, L.

Cnucumu. fertility of, in captivity,

Curese, selection practend by the,
189; of the, for hornless

Curxese, or Himalayan rabbit, i. 112.

“Curvos,” a breed of cattle in Paragua
i 92.

CROUX-RAVES, i. 3

Caist, H., on the pl nts of the Swiss
Lake'dwillings . 336,536 interme-
dinte forms bntwaen Pins ayfcsri
and montana, i, 3

CHRYSANTHEMUM, ( 40&

Clirysotis festiva, ii. 269.

CINERARA, effects of selection on the,

4.

Crncassta, horses of,

CIRCUMCISION, i. 467.

CIRRIPEDES, metagenesis i, i

Gt intarcrouing and h)bnd.n ik
35(: 459, ii. 122,

. 80,

i, 1. 355, 556,
Z me aurantium frugtu variabiti” i.

B oo 355

htas lomoem, . 256,

Citrus medica, i. 353, 356,

Curuax, &, bud-varation in. the

NT ( us), i 145,

“CrAQUERS” (pigeons)y . 164,

CLARK, G., on the wild dogs of Juan de
Nova, i. 28 on striped Burmese and
Javanese ponies, breeds

ts imported into the M.nmim, i
1055 variations in the mamma of
ts, i. 1065 bilobed “rotus of

Kk, R. T, intercrossing of straw-
berries, 1. 373.
T., hybridisation of stocks, i.

Crark,
429, ii. 71.

Cuankso, Nir, prizecultivation of the
‘gooseberry,

CLASSIFICATION, uphuwdhy the theory
of natural selection, i. 11,

Cukrr palate, inheritance of, i. 466,

|

ENTE, on wild vines in Spain, i.
2.

ONT-TONNERRE, on the St. Va-
léry apple, i. 432.
CLINATE, effect of, upon breeds of doy
. 39; on horses, . 55, 56; on cattle,
| i 95, 96; on the fleece of sheep, i.
i i seeds of wheat, i. 333 ;
on cultivated cabbages, i, 344; adap-
tation of maize to, i. 841,
| Cusate and pasture, adaptation of
Lreeds of sheep to, i. 100, 101.
Cuiate .nu soll, effects of, upon
strawberri
Cuse, Mr., on m ,kuu in horned and
horaless
Cuoe, on sterlty in o ficaria,
i 165,
‘Lorzscn, hybrids of various trees, ii.
111

CrovER, pelorism in, ii. 338,

CoaTe, Mr., on interbreed ngpigy i 102

Cocous of upple-trees, i.

Cogun: foel, 1, 907, m “an4, s,
ramen of, figu

274 occipi
274 section of ot Sgured, i
277 corvical vertebra of, figured, i.

EAL, persistence of, il 2223 pre.
ferenec of, for a particular cactus, ii.
265.

Cochlacris armoraci,i. 154
Pyl selection in, ii.
S105 Apae of Eemiied 06 The ammdy
ii. 2863 r

of the, i. 389,
Coguoss of n‘l-nrms, variations in, i.

wuruu, bulldog, i. 93; number of
eggs

CoLr, prepotency of the ass over the
horde, ii. 435 on_cross-breeding,

753 on change of diet, ii. 293,

Coutixsos, PETEs, pesch-tree praduc-
ing a nectarine,

CoLorATION in plgeon, an_evidence of
mmy of descent, i. 204—206.
CoLou, correlation of, in dogs, i. 28,
29; persistance of, it horses . 59
inheritance _and  diversity
horse, i 57 variations of itk
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coLorh,

INDEX,

comaLs.

ass, i, 66 of wild or feral cattle,
88; transmission of, in rabbits,
1115 peculiarities of, in
rabhits, i. 1145 influence of,
2163 correlation of, in_head
Timbs, . 3163 correlated with con-
stitutional peculiarities, ii. 320-332.

Corour and odour, correlation of, ik
517

Cotovr-rxoNEss, hereditary, i. 4543
‘more common in men than in women,
ii. 48, 49; associated with inabi
to_distinguish musical sounds,

22,

Covouns, sometimes not blended by
crossing, ii.
Gobembs affis, Blyth, a variety of C.

, Brehm, a variety of

cmmﬂ wmwg Gray, a form of

Comm Ir/mmphﬂullm hybrids o,
4 h . 202; with €. macu-

Culumbamkwdbx,sh'ickland varioty
of C. livia, i. 193
Columba leucocephala, ii. 139.
oumba lewconota, 205.
Gulamba lttorals, . 191.
Columba livia, the parent of

e it pigeons, i. 1923
‘mensurements of, i. 140; figured, i.
mv skall Sgure, 1725 lower

ii. 187, 424 ; on the keeping of tlnckn,

i. 2915 on the selection of seed-
i. 336 on the benefits of rhangu of
soil to plants, i. 1285 on the value
of native breeds, ii. 3 (M

Covza, i. 344.

fowls, sarations of, i, 265;

288.

5-337.
th con-

Coupmu-,r. imbls fowers f, . 588,
mwcm}m, earlier in Alderney and
Zaland cows than in other breds, i

Co. pITIONS of h(e. hmged eﬂ'ect o{,

:

varistion 58 plgeom i n
wheat, . 333 upon {rees, i. it in
producing bud-variation, i. 441

\znmges uf, it 127180, 160, 161;

ansed
Soddan ity,
88 accumalative sction of, . gy

; direct action of, i
Conon, brending tn capt
Commmaces, elfctof upon the mk,

g
{
‘

. 97.
CoNPuGIDS, on the breeding of Tabbite
in China, i. 107
Coxoux, M, on Angor gonts il

ool frme il
10

w figured, i. 1733 seapula figured, in varieties of apples, i. 37
e 3715 in ])elsrganmml, i 5883 in
Columba uctuosa, i. 191, dahlias, i
Colimba migratoria and in straw-.
misiahed forillty nl in u\phvny, i | berries, i 75 in roses, i. 39L.
Coxsmerios, hereditary, i. 4513 pe-
(o oy e e appearance of, il. 54; corre-

cammmon pigeon and ¢, gymnopht .
mos, i. 203.
Columba palumbus, i. 202, i. 342.
, i 191, 193, 205.

Comounn, danble, i ass 323,
Covuam Vest Indian dogs, i. 23.
(,omml.m, w1kl shepherd dogs,

i. 23; on domestic fowls,i. 243, 250,

© The Complete Work of Charles Darwin Online

Tated with complexion, i, 325.
CONTABESCENCE, ii. 149, 150.
Convoloulus batatas, ii. 153, 299,
Convoloudus Ericolor, bud-variation in, i

440,

CoorEn, Mr., improvement of vegetables
by selection, ii. 188,

CoopEn, WHITE, hereditary peculiarities
of vision, i, 453 association of affee-
tions of the eyes with those of other

321

ariation in, . 398; nou
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INDEX.
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diffuion of _cell-gemmls in, i

couui See Boitard.

i 813 of hnmnlngnul par

5; inexplicable, i 3575 com-
lnm;h-‘ o*, I ko ahote of ctber
327.

29,
P o skail vt gt
swine, i. 75 of tusks and bristles
« swine, i.79; of multiplicity of horns
and coarseness of wool in sheep, i.
3 of beak and feet in pigeons, i,
182,185 ; between nestling down and
t 5 -

plants, ii. 204; iz i.
geons, L. 177.180, 228; ' fowl, i

289,
CommaroxDixa periods nheritanc s,
57,

Ouuu-rrx, dwarf cattle of, i, 92,
Conmxaitax, Mr., influence of selection
on pigs, ii. w 3

ponies
“Contuio ™ (plpau) yor Aldrovandi, i,

CGoreus corone, and C. corniz, hybrids
of, i. 72,
Corydalis, flower (L 336,
Corydalis cavr, ii. 113, 114,
Corydis solida, ek peloric, .
150.

azi-&um-..p-lm»,nmm

Corylus avellana, i.
RS = ciaii sunicrafin
Eagland to the Mediterranean, ii.

70,
Coues, Dr. E., on & monstrous chicken,

Cowrer, Mr. Werrs; dahivadevlop-
‘ment of the d
“Couvn

i development
309,

umur, i 405,

Cucinr, sterility of the, in captivity,
c-in.;,‘renilisy of, in captivity, ii.

Cra aryacantha, i. 387, 402, i.
2!7. HM‘ 461,
i

387,
nb.nm,( sn
cuwrunn, J., Malasian cats, i, 49;
horses of the Malay Archipelago, i
51 borss of Japan, . 56 accurrence
of 'stripes in young_wild Bo of

game fowls of
. 2433

omestic. fowl, 1.

domestication o

r.ru-.nh-i el 1341,
Cammreo ol L 380, fgurd, |
D o i o0
fowls, i. 241
 Dr, on the braius of the hare
and rabbit . 132,
Crooken, C. W, singular form of Bo-

gonia frigida, 1. 389, i. 1503 tarility
in Rawmoulis 154,
Crocus, ii. 147.

on the female, i. 436,
Crossixg, ii. 62-125, 157—115‘
of ety i 0307, 151
in all g, i 67-605
i chavasterd nct: Madabdlos
67-72, 158; mnd(ﬂul(nlll and ‘new

3 summary of sul
1381 of doge-timatves tn
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CRUSTACEA.

INDEX.

DANIELL.

America, i, 21, 22; mth Gonis can-
erivorus in Guiana, og wit
wolt, desaribed by Pliny and others,
i 24; characters furnished by,
brought out by reversion in the
progeny, il 7-0; a direst cause of
Tev , 233 a cause of
variability, . 353355,

CRUSTACEA, macrourous, differences in
tha developruan o the, 11 508

Cri

of animals in the Jardin des
Plantes, ilit y

dmm birds in’ captivity,
of h,hnammn in confine:

Cvuusxs,'&gcc.nn of fingers in, ii.
326,

CYCLANEN, bul-variation in, i, 407.
ara cardunculus, i 7.

nips feondatriz, i. 275,

velnpmmt i the eyer [:eduncle, i,

hamadryas, i. 136.
prinus auratus, i. 312-313,
G T

plants, bud ion in, |

408,
Cuna, wild dogs of, i, 28,
“Cuckoo,” sub- shats of fowls, i. 256.
CucunnER, variation in number of
carpels of, i. 382 supposed crossing
of varietics of the, i. 450,
Cucromis momardica, i. 384,
Cuucumis sativa, i. 382.
Cucurbita, dwarf, correlation of leaves
in, ii. 324,
Cucurbita mazima, i. 380, 382,
‘uourbita moschata, . 380, 382.
86, varisties
and o

uit o

Cccunxn'AcEAz, . 3802384 supposed
erossing of, i. 430; Nandin’s obser-
wvations on hybrids 0[ ii. 156 ; aceli-
‘matisation of, ii. 304.

“CULBUTANTS ” (pigeons), i. 156,

CovmiyaTioN nfplﬂnu, origin of, among

Cytisus _adami, i
415417, ii. 115 seedlin

e botivsriotiomid
gs from, i

Cytwa alpine-laburnun,
pllenof & 415 ogin of B,
i 15,

i, 415,
me{m\g s, ov s and
of, i, 415; production of, i.

pall

C_/hm purpurens, i, 414417,

DARLBOMN, effects of food on hymenop-
tera, ii. 270,

Daniia, i 398 394, ii. 129; bud-
variation by tubers in the, . 4115

by, ii.

Cuzm:v., i nmamr, night-blinduess,

CoppLes, Mr., paiving of deer-hounds,
il 104.

Conn f Merr de Fuego, 1. 920
LRt
Cungzs, M, budva

on inthe rose,

c::vm, on the gestation of the wolf, i.
3 the odour of the jackal, an ob-
e domestication, 1. 81} differ-

xtes
elongation of the intestines in_do-

, i i, 203; fertility
billed duck, i. 291; hy-
Srid of e and. sbes, i 165 broeds

of, by selectio

015 steps in caltivation of,

effect,of conditions of life on,

oormsintion. of T walbeaiuneite,
25,

5

Datsy, hen-and-chicken, i, 389; Swan
River, ii. 249.

DALBRET, varietis of wheat, i. 332.

DavIBERT, changes in the odours of
plants, ii. 264,

DaLLy, Dr., on consanguineous mar-
riages, il 102.

DaLTONISN, hereditary, i, 454,

DaMARAS, cattle of, i 91, i 192,
193,

Danso, i. 368,

DaxD0L0, Count, on silkworms, i. 318,

DANIELL, fertility of English dogs in
Sierra Leone, il. 144,
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DANISH,

INDEX.
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DELPHINIT.

Daxsi Middens, remains of dogs in,

DAPPLING in horses, asses, and hybrids,
i 58,

56 a1
double monsters, ii. 334,

DaRVILL, M., heredity of good qualities
in horses, 1. 456

DARWEN, C., on Lepus magellanicus, i.
117; ‘on the wild potato, i. 349;
dimorphism i the polyanthus and
primrose, i. 464.

DARWIX, Dr., improvement of vegeta-
bles by mmmn, 189,

r ¥, ‘wildnos of ervend

pwd\lcnon of

550, monogynous condition of the
387,

hawthorn in Spain,

LM, varie

Datura, ii. 115 v 54,

Dutura lavis and ufmmumum, reversion
in hybrids of, 1. 425.

e s o 1. 45.

DAUBENTON, variations in the number
of mamma: in dogs, ortions
B intastines 10" wiid 2ad demeskic
cats, i. 50, i

DACDIY, on white rabbits, ii. 2

DAY, Dr., on sheep in the West Tndies,
i 102,

D, W. Born, bistory of thedog,

5 n of cattle, i. 85; early
Bnticaticn of Boa isgifrons i
Bnuun, J id.

heredity in, i. 465.

of maies L 858, 1. 331 ; aolours of
seeds of maize, i, 339 ; varieties and
origin of the cabbage, i. 343, 3454
g of the garden-pes, i. 345

ine, b 395, i, 408} eultivated
x|\ecles "o the e i b 05
probable Chinese origin of the peach,
357; on the peach and nectarine,
1. 861, 853 variotis of the peach,
of theapcionh 4 803
n nml varieties of the i

of

btk goombarer s L 70
lelecuan practised with (nrubu’ees,
i. 384; wild fastigute oak, . 3857
dark-leaved varieties of trees, ihid.
conversion of stamens into pistils in
the poppy, i. 389 ; variegated foliage,
i. 8903 heredity of whife hyacinths,
. 395, 463 ; clianges in oaks depen-
dent on age, i, 413; inheritance of

omalous characters, i. 462;
on of plan
i 244; deciduous bushes becoms

erngr!en in hot climates, ii. 295
3 .nuqmy of races of plants, ii. 425,

-vi

., non-variability
ity ois oases 1400 sy ere
development._of oot and seed in
Raphanus satious, ii. 33

DECAISNE, on the culti £ the
wild carrot, i, 844 varieties of the

£.972) intereromsing of stru-
35 fruit of the apple, i.

tender variety of the

£ horns by female,
H'L devel of

heritance of, ii. 55,

mu pohlu-ﬂmﬂmg.x 121,

Deny, wild hy ‘ i of common and
musk ducks, ii. 20.

Dii Caxpousr, Auvit, mumber and
ongmo{cnlhvntetlpla;‘un 23,

B 15501 cxigen aad colivation

5 T

| under neglect,
Dz Josane,

. 2293 soft- lmrked ars, ii.

| on accumu ative veriation, i 249-

| resistance of blossoms to frost, ii. 297,

| Deaxen, E. S, on rabbite Jy 113,

| ua

Iphinium ajacis, i. 464
l):[p/lmlum comsolida, i. 463, 464,

© The Complete Work of Charles Darwin Online



446

DELPINO.

INDEX.

DINOX.

Dzu’mo on Pangenesis, . 350, 872,
g vidiai, . 14,

Dy, Hy Too of &

GNTITION, Variations hn e hom,

. 52.

nsomm i3

Deswarist, o

1025 on the eflects of close inter-
breeding, ii. 251.
SVELOPMENT and metamorphosis, ii.
583, 384,

DEVELOPMENT, arrests of,
D Erinei embryonic,

306-310.
361~

DHver -DENYS, L, on the Ya-
i or imperia race of tho Chines,

Dnou., fertility of the, in captivity, ii.

Dx.uu'ru, occurrence of, in three bro-
thers, i,

Dianthus, contabescent, plants o
149,130; hybrid varieties of, ii.

nmzlm armeria and deltoides, hybnda
of, . 7
ianthus barba

Dienthus mrynphyllw,| 406,

Dianthus japonicus, contabescence of
femlocryans i, i 150,

Diapheromera femorata,

DICHO0GANOVS plants, i. 68,

DICKSON, Mr., on * running ” in carna-
nations, i. 407; on the colours of

359,

labiatus, i 135,

; polydactylism in Polynesia, i.
458,
Diclytra, i. 33,
Dret, change of, ii, 293, 204,
Digitalis, properties of, affected by cul-
ture, ii. 264,
DiGxTs, supernumerary, i. 437 ; analogy

of, with embryonic conditions, i, 16;
usion of, ii. 534

Dnvonrmic plants, ii. 1123 conditions
of reproduction in, ii. 165-169.

Drvorpis, recproual, . 68.

DINGO, i. 26 variation of, in colour, i.
983 Balf-bred, aitempting to burrom;
ibid; attraction of foxes by a female,
i. 823 variations of, in confinement,

i. 251

chmlouwm of strawberries, i. 875.
Distiass, inheritance of, i. 451, 452;
inherited at corresponding periods of
lite ii. 53-57; peculiar to localities
265 obaente carre-
in, ecting cer-
tain_parts of e body, o 574; oe-
curring in alternate generations, ii,
396,
Distixeem, ftal to white terriers,i.
21

Dy st ot parts, effects of, .
285-298, 345, 4 55
the skeleton of rabits, i, 1991341
in_pigeons, i. 180-187

Drvmomscs, infuence o, in producing
breds o pigeons, .
Drxox, E. S., on the e duck, .
191; on fm.l ducks, i. 200
foral pigeons inNorbolc {7
pigeons, i. 201}
n of domestic fowls, i 242;
of Gallus sonmeratii and
common fowl, i. 245 ; occurrence of
white in_ the young chicks of black

25!
eggs of fowls, i.
261, 262; late development of the
tail in Cochin cocks, i. 2055 et
lark-crested fowls, i.
ment of webs in Polish fowls,

oo of fowle, did; origin

aversion of The doveoot plgmn y
i

ith fanes . 82; fertility
of the goose, ii. 90; general sterility
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DOBELL,

INDEX.

DROMEDARY.

47

of the guans in captivity, ii. 1393
fertility of geese in _captivity, ii.
1403 white pea-fowl, ii. 321

Dobri, H., inheritance of anomalies of

on-teversion

bipones,
Dot oighaof 1. 15 ancien bresdaof
i 17, il 4243 of Neolthic Bronze
Tron periods in Europe, . 18, 19,
ii. 423; resemblance of, o various
of Canide, 1. 21; of North
ey e e
21, 325 of the West Indics, South
erlﬂ, and Mexico, i 23, 52; of
Guiana, i 23; naked dogs of Para-
gy i Peru, 24, 313 dumb, on
u i 275 of Juan de

rug.. L of
ati irless
arkish, i. 31, ii. 2 ing
of diffrent breeds of, . 313 charac-
t breeds of, discussed,

1345081 degeneration of Earopean,
in warm climates, . 37, 30 il. 267,

ability to certain diseases in
ﬁlmn breeds of, i 87!-1“,
causes of differences of breeds dis-
cu, L. 59-43; catching foh and
New Guis ra del
Fuego, . 41 --».n. of the fet in,
; influence of selection in pro-
duln[ priosmrflen of, . 42, 45;
setention of originil habits

64, 205,
, comparative rmh-,
diferent. breds of,

of i, $8-100} seloation of,
mm[ the Greeks, ii. 186, 194}
among savages, ii. 191, 192; un-
conscious

of di g
L3 rejecion of boaes of game by,

B S, hemionce of roimemia Tt
limbs in, ii. 806; development of

6 too in i, 00 harlows, de-
fcency of teeth n,
N ol il 3375 Jesbable
s o in, il 3415 ex-
tinetion of breeds of, ii. 421.
Doxueaty, H. H., on the auricula, ii
339.

DoMESTICATION, essential poiats in, i
01 fuvoursble to crowing, i
fertlity increased by, ii. 89—

91, I5E.
DoxiamiouTes animale, origa of, il

44, 145; occasional sterility of,

under changed mm..,

145,

l)olnn:. Dr., hereditary hyperme-

Dov.nm fnw! | 207, 274 furculum o,
figured, i.

Dorsiooss, L
Dousve flowers, ii. 151, 152, xso, 1565
selaction, ii.

Dousteay, H., r-lllnth- o the .
bert pine strawberry, i, 3

Doveras, J.,

B
Dowsixa, Mr.. wnd varioties of the

bekory, .

the plum, i. 368;
origin and varieties of the cherry, i.
568, 369 1 “ twin-cluster pippius,” i.
8703 varietios of the apple, i 72;
on strawberries, i. 573, 575y fruit

of the wild gooseberry,
effects

to different climates, ii. 296,

Dowxixa, Mr. J., sterility of short-
horns, ii.

Draba sylcestris, ii. 147.

Dracos (pi Fm.),x 146, 149,

“DrawiER " (pigeon), i. 164.
Drisxxg, efcts of, in diffrent ci-
mates, ii. .

Dmm:luzv, g of, i. 190,
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DRUCE,

INDEX.

EHRENBERG.

Drvor, Mr, inter-breodin, i, 00; value
of cross breed of pigs, ii. 1
Du CHAILLY,fait-tres Weak Afrca,

i, 397,
DUCHESSE, on Fragaria vesca, i. 373, | DZIERZON, v:

Durour, Lo, on Cecidomyia and Miso-
campus,

Duck, musk, retention of perching
abit by the . 191 foral hybrd of,

199.

Duek, penguin, hybrid of, with Egyp-
tian goose, ii. 44.

Duck, wild, difficulty of rearing,
»19 effects of domestication on,

Ducxs, breeds of, i. 290, 2915 origin of
3. 2015 history of, did.; will , easily
tumed, . 209, 593} fortity of breeds
of, when crossed, 1. 294; with the

penguin, id

Mal
e vt English, per gete ot
of the breeds of, . 205299 eggs of,
295 5 effcts of use and disuse in,
i, 2997809, ii.
Sk, 1, 199 Aylesbury, ichertiencs

Tybrids of, wich the musk duck, ii.
19,20 assumption of kle plumage
96 crossing of Labrador and

fortility of, in confinement,
{Bereass of size o, by cate In bresd:

183 chmm isdisel iy

DUN-COLOURED horses, origin

DUREAU DEz 14 MALLE, B pige in

1s in

i in the
e I

o peviaidionef males
i,

x,
ong. the Romans,

Dusicyon sylcestris. i. 23.

Durcn rabbit, i. 111.

Duren roller pigeon, i, 158.

DurrociE, pelorism in the laburnum,
338

Duva

wth of pess in. woods fn

" g
ek o

f Charles Darwin Online”

DUVAL-JOUVE, on Leersia oryzoides, ii.

DuvErxoy, sltmpotacs s Zitim
candidun i.

m the characters

S it of e .

| Euu.r Dr,,on colour-blindness, ii. 48,

m “of fincy rabbits, i 1103 de-

Ticaney of, 1n breds of abbie, I
112; rudimentary, in Chinese sheep,
306 drooping, ii. 201 ; fusion of,

Earox, 3. M, o foncy pigeons, L 156,
159; vai
breeds of pigeons, . ! 160} vevamit
B e cnlnrltmn of
203

aracters.

ii. 2115 Archangel-pigeon, ii. 226.
EOHINODERMATA, metagenesis i, i. 362
Blapltet il dibtss 1 number

I-feathers in, i, 167.
Ectnpubcl sl sl HACH
oulgari

of, with Turt
poRRrATA, correlati

Eorwori, Mr, use of grass-seeds as
food in the Punjab, i. 326,
Epyoxstos, Dr., on ‘e stomusniil
Larus argentatus and the raven, fi.

292
Evwamos nd Colin. on English whieh

nlmorp jon of the mi-
nority in v.'l‘umd
Eowanos, W. W,, occurrence of stripes
in a nearly thoroughbred horse, i
in fouls of race-horses, i. 52
Eaas, of fowls, characters of,
variations of, in ducks,
silk-moth, i. 317.

e,
mestication of the pigeon in, i. 214;
lbunvc of the fow! in ancient, i. 258,
BOvPTIA gnose hybrids of, with pesc
iy
EIRENBERS, Broty malti ple origin
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the dogy 1. 16 doga o Lower gy, | Euchiloltsia californics seateile in
3 mummies of ta, | England, ii. 111
ESQuILANT, ir., on the naked young of
ELEMENTS of the body, functional inde- | dun-colo ns, i. 180,
pendence of the, i. dogs, their resemblance to

ELepuANT, its sterility in captivity, ii.
132,

ELK, Irish, correlations in the, ii. 327,
328,

Bustos, B Watrat, on cte i ndin, I
483 ou siriped Borws 1 1 ; Indian
dm-tl: asd wll-l swine, .

Constant

i
m 118 fantai pigeons, & 158
Lotan tumbler pigeons, i. 158; a
Yigeon uttering the sound Foku i
163; Gallus bankiva in Pegu, i.

Ectts, Mr., varieties of cultivated phnh
in Tahi

ELt, uearly evergreen Cornish variety
of the, i.386, ii. 301 ; foliage-varietics

“passerina,

hnm, similarity by n fusion of,

¥ i, 385,

ENGEL, on Zaurus sissafras, il 204,

ExaraxD, domestication of Bos longi-
Jfrons in, 1. 85; selection of horses in,
in medival times, ii. 187; laws
against the early slaughter of rams
in, ii. 188.

Eenbuzans, devlopment of the, i

orion? cinnabarinum, i. 4315 and
15, !

L 1
Im.xm hur-dnmy i 451, ii. 55.
Eppus burchelli .

E..‘M,

ii. 16,
b:.du-m: bk ,-n..orum.,

.hmu {Nqulncy of contubescence
in the, ii.
-m-. an_improver of horses

fat-tailed Kirghisian
A-p,l. nn,n_uo on the dogs of
the Ostyaks, ii. 1
i

w«ta«wln and F. herbacea,

micu‘ats,
Evkorrax cultivated plants, still wild
o an,
on the Lotan tumbler
i. 138,
Er‘nvl, pansies grown in his garden,
L
Eve n the Newfoundland dog
in lndl-, 1237, i 205 degencration
of setters in India, i. 39; Indian wild
h«-::-. i, 343.
Ewes,
EXTINCTION of domestic races, i, 232,
b.rn, lmdlury p-ulhnuu ef the, i.
privoas i children 1. 400, ey
tion of the tructure of, by aatural
selection, i, 207, 208.
Evenmows, hereditary elongation of
i 452,
Em.n-. nherited pecaliarities of the,

Rrow i on Frtation in the dog
31 variability in number of vertebra
in the pig, i. 77; individual sterility,
i, 144,

Faba vulgaris,
Fabre, ohemlmu on Egilops triti-
u-la,
g YA
e ariee, M, production
double flowers from ol seed . 133,
FAIVRE, on the Primula sinensis, i, 394,
i, 324,

tinnunculus, breeding in captivity,

Fagconss, be, serly of agleh

bﬁdlof i 2!

balldog In Tadie; b 49 resemblio
24
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450 FALOONS.

INDEX.

FIvTEST,

Setaveen Sicatloram and Nista catle
lection of the silkworm in
u 311 fastigate apple-trees in
Calenstn, I fa
supernumerary thum
tion, i. 459 ; fertility of the dhole in
34 fertility of English
dogs 1n Tndia, it. 144 sterility of the
tiger in m})tivity, i, 133 ; turkeys at
Delhi, ii. 145; on_Indian cultivated
plants, ii. 148; Thibet mastiff and

goat, ii. 268,
Farcons, sterility of, in captivity, i.

m.mun Isands, horses of the i 55,
pigs of the, i. 80 ; feral cattle
uf L‘he i. 86, 90; feral rabbits of the

¥ausow dee, i, 81, 9.

FANTATL pigeons, 1, 153-135,
fgured Lt of, ﬁg\uzd

sence of

7 536,

F 0t ltands, igeons of the, b 190

Fasmos, influence of, in bresding, i
296,

FASTIGATE t
¥AURAS grogrephined

266, 340.
forences of, i.

Favourtre” bull,ii. 40, 96,
azEss, homologoss yariston Iz, 1

Fra

Fie, of pigeons, ndividual differences
of, i 168; correlations of external

characters in, i. 180,

Rz and o, correlation of,in pigeons,
i 180~

FELIDE, amm, of, in captivity, ii.

Felis bvubasiea. 1 4-7
Felis caffra,

Felis ww«m i 45,
Fels chavs, i. 45—+
fclm]umtn lﬁ‘i

Felis m: mmulu a. i 435,
Fels

47
l"sz aykestrr.s, 46,

Fhmu, afictad by male slementy i, | hmow and gemmation, ii. 351.

361, 582,
FeMATE flowers,
maize, i, 339,
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| tivity, i
FlYNKIV(p!gwn),l 164,
Frsooomin . it

F1r, Scoteh, acclimatisation m' i 300,
Fai Mz, mlvanl ge of change of

to plan
Fisues,

in male panicle nr\

Fexx, Mr., grafting potatoes, i. 421,
FENNEL, Italian yariety of, i.
FERAL cats, 1. 49 cattle, . 893 rnhhm,
i. 116, 119 Guinea fowl,
maia And. plants, reversion m, ii. 5,6,

rmum, Mr., supposed plurality of
domestic fowls, i. ‘241'
o0

o
chickens of black game fow)
relative size of eggs of fowls, i. 2
yolk of eggs of game-fowls, i.
eariy pugnacity of e cuclu,
2633 voice 0[ the M fowl, i.
effects. of i L o e
1053 selection Lm.hm-Chm-luwh,
ii. 180 on fashion in pouly
FERNANDEZ, on Mexican dogs,
hx.us. reproduction of S nssl el
Jon-ihaion of

so, 184, 50,

l’l:wnu.u'ﬂov, artificial, of the St.
Valéry apple, i. 871, 872,
FERTILETY, Yarious degrees of, in shes
i 101 unllmlud ‘mutual, nf bremlﬁ

o ‘mongrels and hybrids, ii. 78, 79,
162-163; infuence of nourishment
ed by close inter-
of

on, ii. 893 d
breeding, i

i 96 595 reduced,
Chillingham wild cattle, ii. 971 of
domesmlted varieties when crossed,

Fe im spesies of, proagated by bulb-
lets, ii. 1.

hmnm, nplnd by tomtits

mm ling nf):mnchlfemm

g.nmx sterility of, in eap

i portionac nfﬁ

15 ; variability of, when
tanks, ii. 246 ; marine, living e

i i 204 double monsters of,

333,

, Mr., persistency of a variety
e ‘pen, i 349.
Frrisr, survival of the, i 6.
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1, 843; ‘cuckoo” -an«h of,

rrarxagn, origin of sheep, i 9§ Afri-
can maned sheep, i. 1
FreapaTuios, ey potato-grafing, 1.

Frxenwess of character, conditions of,
discussed, ii. 373 differences
Frax, found in msn- lake-dwellings, | kics, i. 272; osteological characters
tal diffrencein products | - of, §73.284; offcts of dismsc parte
2 2883 feral,

of,
Fuphon, el TN
18]
y..u.;.mx:, on German sheep erossed |

with merinos, ii. 66. | conditions, ii. 144; infiuence of selec-

“Frorextixe-TAUBE" i. 149, 150, | tion on, ii. 180, 182, 194; evils of

LOUNDER, ii. 25. | gt Indenhwssiiog < 1 uu. 105;
ouims, eroming of walf and dog, L |  erowing of L. T-15; p

; prepotency of the ;:ck-l o the | ot o e P 2} vadimen:

dq, Eibo; hyprids o the hars tary organs in, i, 3063 crosing of

ji. 43} breeding of monkeye i n: non-sitting varietios of, ii. 18, 195
homology of wing and ‘leg feathers

earliat knows, in | in, . 315; hybrds of, with phen-
. s and B 20;

jes in, . 3
dency to uniformity n striped, ii.45; | five-toed, mentioned by ||..
tcorching of, dependent on clour, | 4243 m.pl-. tailed chickens pro-
i, 214; chango in, caused by condi- | duced by, ii. 43 Dorking, crowe of
L nhu. 13031 vadimentary, i, | i, 704 Tora of comb Al cnlon
807; relative position of, o theaxis, | plumage in, i, 2243 game,
i and black,

of white

248,
Foutaos, laberited pecaliarites of, 1. | Fox, serilty of in captivity,
385; variegation of, i. 390; bud- | Fox, S. BEVAN, races of bees, i. 3|
variation in, i, 407—409. ¥ox, W,
Foon nfuence 6 on the gy 1. 70 on |
Je, i. 945 excess of, a cause of va-
ruuuy, i 244, |
Fonues,

D, uChllnll\«sLW on |
and the

et

L
ii. 238,

lnnm. R., mrimy of the sweet

potata in Ching 163 dovclopment
of axillary bulbs in the yam, ibid.

common, breeds of, i. 236-

. Panlity of mgln. L3

ly history of, i
Frodnt

e et
§ igat, from Galls bnkic, £ 247
, 251, 3573 ferl notice ot i, 249,
2505 reversion and_analogons va

~ tion ln, n m-.u L 9, 12-14, | lmyuna«nm,l 373,
2
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FRAGAWIA.

INDEX.

GARNETT.

Fragaria virginiana, 3. 73,

Trazims exct, L 384, 406, 463,

Fracinus Tentisei

FRIESLAND cattle, pmh-l:ly descended
from Bos primigenius, i.

FRILLBACK. pigeon, i. 1633 Indian, i.
161,

Fringilla cirla, il 147,

Fringilla spinus, i 137.

¥utzaizn fowl, . 241; horson . 6.

¥uoa, polydactyliom in uu, i, 458,

FrorT, seedless, i,

Frorr en, i of, occurring
wild, i. 3:

Fay, M

& e hybrid cats, . 46
wls in Amensmn, i 24
Pucmm, ullgln of, i. 588 ; bud-var
tion in,
SRR St fugens, tuin sesd
poduced by crossing, i. 4
Pomiens Cues mosaisition sbout
Killing ' young WA wl, i 3273
selection” of by lhe. i 19\'
their oﬂm‘mnt o etistion of dogs
and old women, . 199 ; their power

L 274,

FirbRiNazn, D% o anll i3 Saurians,
ii. 386,

FURCULUM, characters and variations of
the in pigeans, i, 176 alteration o,
by disuse, in plze ms, i, 1853 ch
Tacters of, in fowls, i. 281

Fustos of homologous parts, i, 387,

Gar, inheritance of peculiarities of, .

GaLAPAGOS Archipelago, its peculiar
" fuuna and flo
Guleohdolon tutewm, pelorism i, i, 33,

Gmmmmu. birds, restric
of large, i general fertlty of,

f oranges, i, 335-
idisation of oranges . 357
persistency of races in the

§60; sapposed specific distinotions of

ompls
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‘peachand nectarine, i. 3813 bizzarria
orange, i. 417 ; crossing of red
white carnations, i. 426 crossing
the orange and lemon, i. 430, it. 360 ;
effect of Fordign pollen on maize, i
Tossing of oranges,
es a cause of steri-
50; seeding of
. ste-

ome
double, il 135 sfects of solction I
enlarging fruit, &, ii. 202
tion of the orange-tree in

- 243 mturalistion of the

ul nf G varius and

hybs
the domestic fow, i
Galtu bankie, pmlmblu nrlgmll of do-

mestic i 2

1, 2573
ume-fnwL St 197 crooil
with G, sonmerati, i, 246 ; its cha
racter and habits, i. 246, ii. 88; dif-
forences of various breads of fowls
occipital foramen of,

il ey b e Haig
of, i, 2453 hybrids of, i. 245,

Gallus stanley, hybrids of, i. 246.
Gallus temminchii, probably a hybrid,

i. 246,
Gnlhu varius, characters and habits of,
hybrids and probable hybrids

of, i
Gavrox, Mir., fondness of savages for
taming animals, i. 20, ii. 1445 ;-nh

of Benguela, i. 91; on heredita
L

talent, i, 451 ; on Pangenesis

eyl
the pansy, i. 3

GAME-FOWL, i. 237 263-265.

Gaes, ii. 215,

n In
Mr., m|;ntnry propensit
s hibrld ducks, 1, 20,
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INDEX.
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Gamnon, Dr, on here h-r-\‘lhlry gout, i. 451, | Gersn (qntm), ;-n-nl fextility of, in
on the

GirrNER, ids, i.
201,

i. 79, 169

nn-nn of plants wi

; ransplanted plants,
and lac in Germany, ii. 148
mutual sterility of blue and red |
flowers of the' pimpernel, §i, 1737 |
supposed rules of transmission in
erossing plum 1L 43 on eromin
pl-nu,.l 111, 112; on re-

m, ion
e by ..mn.r, when
of variet

il 653 crossi
of the pea, i. 4283 crossing maize, ii.
82; crossing of species of Verbascum,
ii. 71, 835 reversion in hybrids,
9,20, 243 of Corous, i. 4255 of Tro-
pivolum majus and minus, i. 4255 va-
riability of hybrids, ii. 255; varia-

ids from one variable parent,
il 258; grait hybrid produced by
inoculation in the vine, i 419

3 tendency of hybrid
il o
uction of perfect fruit by

043 sexual elec-

lase o
15
serile hybrid

Achillea millefi
of manure on the {-nnhly of plants,
ii. 147; on contal i 149-
inheritance of plasticity, ii.
losity of plants, ii. 267.
AWINT, & genus of pumpkins,
founded on stigmatic characters, i.

Aumncnsun, bud-vasiaiona the o,
401; th two kinds of

? g:m, domestication of the, i. 86,
wor. S Moll,

captivity, i

qmndluﬂhlynl GIRATI e s,
i | G

oLEs, or ﬂllfmmnlu, ii. 870,
#72-377, 380,

GENERATION, altcrnats, ii. 334, 363,
385,

GENERATION, sexual, ii. 352-357,
G, fertility of the, in captivity, ii.
154,

GESIUs, inheritance of, i, 451,
Gentiana amwrella, ii. 1.2,

St h, il. 835,
GrOPFROY SAINT-HILAIRE, ISID., origin
of the dos, i. 163 barking of n jackal,
.28 perio ot ...m«.m ‘and odour of
, i. 313 anomalies in the
u«h-u»,-,nu variations in the
proportions of dogs, #id. ; weubed
feet. of Newtoondiasd doys, & 413
rosing of domestic nd wil cae I
405 domesticaton o th i85
supposed introductian of eattle int
Europe from the East, iid. ; absence
of mmxﬂm Hits In -hup i w

o

s 1 the o,
L 258 Skl of the Polish fowl, i
3 preference of the Rom:

!h Iir'r of wh
polydac 5
St ualo charnaters by fenale bind, i
203 trasemiaon aod, blanding' of
chll‘ukln in hybrids, ii. 72; ref

of animals to breed in capt)

. 292, 20,5 in-
heritance of rudimentary ke in
the dog, 3 in

mera in man, ik, 3143 co-
existencn _of anomalies, 1l 825
presenc hairs and teeth in

iop-
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GEOGRAPHICAL.

INDEX.

GODRON.

ment of teeth on the palate in the

horse, i 3
GroorAPHICAL, differences of faunas, i.

Gmm(ucu. succession of organisms,
1

hzmuw"k 3

Gerw phltum and pyrenaicum, ii.

46,

Geranium pratense, i. 404.

GERARD, asserted vlmnta.l change in
Burgundian bees, i. 3

GERARDE, on varieties e hyacinth,
i. 3

GERSTACKER, on hive-bees, i.

GERVAIS, Prof., origin of the dog, i.
165 resemblance of dogs and jackals,
i. 25; taming of the jackal, i. 27;
number of teeth in dogs, i. 36 ; breeds
of dogs, i. 58 on tertiary horses, i.

;5 Biblical notices of horses, i. 57

97; wild and

ts, i 107: rabbits

mai and Algeria, i.

3 earless rabbits, i. 1123 batra-
chia with doubled lmlhs, 385,

GamiTtox, ,.mcd R
&, 1. B he pig, i. 775 in

catile, 90,1 411" 15 shee &
01.

315.

90,
1

Geerosss, aheritancs of peculiasitie

»cumms " a sub-breed of fowls,

Grox-| iml R, ii.

Gits, Mr., s tvestaniingtin
the pig, i. 436,

Ginares, co-ordination of structure of,

i. 206.
Gream, ol eppaoe of perma-
nent teeth in dog:
GrRAUD-TEULON, canse of short sight,

i. 455
GIROU DE: BUZAREINGUES, inheritance in
the horse, 1, 455; revesion by ago o
2; prepotency of trans-
racter in sheep and

i mission o dhe

| G

D5, compensatory development of,

GLAsmnm,nv thorn, i. 387
r., on t i
e ¥, a srawersion
of d

e Ci

Glozinia, peloric, i. 389 ;
G, on rod cas, at ok,
Gour, 105, 106, |mhmmhhnn
e, i 49 o e
valuel b Soutl
icans, . Thibet
il drvelopment.of
udders in the, ii. 290 3 hornless, rudi-
mentury bony cores in, ii. 3063

ngor,
JODINE, on prepotency of traswission,
i. 41,

GobRoS, odour of the hairless Turkish
dog, 81 differences i tho skull o
55 increase
llnnu, i 53 crossing of domestio
and wild swine, i. 695 on gouts, i.
IOa, 106 5 colour of 2he skin in fowls,
5. 2015 bees of north and south of
France, i. 314 introduction of the
silloworm into Europe, &
ability in the silkworm,

posel specic of wheati of
o Egloge: trtioviire i

on
the cultivated species of Brussica, i
'u- on the Rouncival and sugar

 sonpeiesiPupropect
wild vines in Spain, i.
raising peaches from seed,
supposed specific distinctness of ,mh
and nectarine, i. 361 ; nectarine pro-
ducing peaches, i, 362 on the flower
of Corydalis, i, 5365 origin and
varations of the lum . 807 ; oigin
of the cherry, |. SSH‘
singleleavad

n_of
575;

cattle, ii. 417 on crossing gourds, ii.
86.
Gy, wild ovtl ot | 88,
ladiolus,” 1. 388 P of

hybrids.of, ii. 121.
Gladiolus cololli, bud-variation in, i,
407.
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manency of the simplo-leaved ash, i,

28 feral plge of Jamalon, 1. 801
oy - noniaheritates of oemin i

feral o

345 prepoteacy of a goat- ke rumy | production of ndividual pocaliait
by gemmation in a coral, i. 39
frequency of striped legs in mules,

Codwmb ¢ ,m:..,
carrots, aud eslery, 1L 73 poloria, I \ Guinea fowl in Jamaica

GouLp, D, on hereditary hamorrhage,

ty i 451

]lm)»«gn!e(l by buds, k.
rease of sugar in beet-s

Gouw, Jou, origin of the tarkey, i.
85
St of slaioy 25 sl g ao..-a corona’a and Victoria, hybrids
3, ii. 138.

growth of the cabbage in the tropics,
ii. 267; rejection of bitter almonds

. 218 influence of mars ]
pasture on the eece of sheep, ii. 268 | GoUT, inheritanc o 451 poriod of
on the ears of ancient Egyptian pigs, | _ appearance of,
i, 2013 primitive distinctness of | GRaBA, on the pigeon of the Faroe
species, ii. 410; solid-hoofed swine, 2

i 424,

i ties of,
cient Peruvian variety of,

5 129; effects o, ii. 246,
Gunmz, on compensation of growth, | 267; upon the stock, i. 41342:
i 335,

Gm.mu,, 312, 318, . 222, changes analogous to bud-vari
outh Amerian eats, .| _ produesd by, i
GRAPT-1Y) 417-422,i1,260.

of white and purple, i.
liable to disease, ii. 3305 effect of
302; | foreign pollen on, i. 430,
s of, used as food Ly
savages, i. 324-326.
tufted, GrAY, As), superior wild varieties of
for of breads nnd sub-breeds of, I | . frufttress, L3275 cultivated Rative

B voon.s; uusber:of medeiin e 13| G Bt medeE O 899 cross
875, ‘

GOODMAX, thiee-toed cows, i. 459,
Goose ancient domestication of, i.

e
13

803, 304 varioty of, from Sebastopol, | plants of North America, . 520, 805
i SUJ i, dBG feral, in La Plata, i. [3
hy!

non-variation of weeds, 35;

posed spostaneous cross

jitacew, i. 4303 pre-ordination of

variation,

of, increased by domestica- form g
3 decreased fertility of, in | mediate forms of strawberries,i. 375,

Bwfu ii. 1455 sterility of, in the GrAY,G. R., on Columba gymnocyclus, i.

lippine Islands, #id. ; selection 193,

- oh il 188¢ white proference of the  Gna, J. Ey on S plcicepy, i 123
Romans for the live a variety of the gold-fish, i. an

iencr of charasier ta m; hybrids of the ass and zebra,
Egyptian, change in breeding season
i 204,

ERRY, i. 376-378; bud-variation
in the, i 400; Whitesmith's, i
A na.

o the
ERT, on monstrous poppies, ii. 150. Gm,bnm)w, Mr,nl . Canadian web-
oa-:, P, H,, feral dogs in Jumaica, i. | - footed dog, i
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GREENING

INDEX.

HARE.

GREENING, M,

k-

Gk, Sir GoRaz, preservation of seed-
bearing plants by the Australian sa-
es, i, 327 ; detestation of incest by |
diiy savages, ii. 1 03
GREYHOUNDS, seulptin Egyptian
monments, and in eV o Aator

ninus, i. 17 5 modern breed of, i. 43 |
cross vy bulldog, by Lord
Orford . 73, el interbreding of,

. 1005 'wunimm.m of structure
selection, ii. 206, 207 ;

GREYNESS, inherited at corresponding
periods of life, ii. 53.
G, Mr, onsrly-flowering dahlas,
i. 304,

acclimatisation of the
. 300,

r,
GRONLAND, n,umu of Egilops and
hat

M-N,

: C. 0. on the webbed

et or b i sca 1 41

Gros, on Pangeness,
“G

(pigeons),

GROUND-TUMBLER, Ind::n, i

Grouse, fertility of, in capt
139.

B ettt i and algeas
ii. 140,

GUANACOS, selection of, i.

Guaxs, geneal ferility i in cnpuvn\,

(x 169,
GlYBLDhlLA'lD fnwh, i. 241,
Goaxs, ssectonof doga by the Indians

(-mnmrnwl 08105 {m n scension

and Jamaica, i, 2 3 indiffer-
ence of, to change y mm-u. ii. 145
GUINEA pig, i
GULDENST

the j Rl 1,25,
Goy hernn& hnedmg in wnﬁnamml.

ot parta in batrachiey
GurNEY, Mr, owls hrwﬂmg in eap-

cm:{, 1873 I
‘among. ordinary  pea-

Hawrr, influence of, in acclimatisation,
ii. 302-305.

'HACKEL, on fissiparous reproduction, i,
857; on cells, i. 366; on the doubls
reproduction of mednue, 795 on
inheritance, ii. 5

Hacxuas, p.cnl.mu« of, in fowls, i.

BAm, on the fice, inheritancs of in

peculiar lock of, in-

Jfrowth,of, under

in, ii. 319 homo=

ation nf, i :«us develop-
‘ment of, in the brain, ii. 386,

HAIK and tethh correlation of, ii. 319~

P family, cﬂmlwwﬂmg period of
inheritance in,
Hile A Chvmsheeat 21

HALP-LOP rabbits, figured and described,
i 111,112 lknll of, i. 124,
m/.m. k alus, copulating  in

| Hu.uul, Lnl lsjon 3 ! two-legged race of

pigs, i.

HaLLET, Mn]or, selection in cereals, i,
184; ‘on pedigree wheat, i. 332.

HayuoRsH fowl, i. 238, 274; figured,
. 239,

| Hasrroy, wild cattle of. i. 87.

HAMILTON, Dr., on the assumption of
male plumage by the hen pheasant,
ii. 26,

Hagnzzos, P BUctxa, n the shad-

ieti le- of Indian culti-

o
oocr, M, sterility of tamed birds,

. 138,

lhlnwm'rwn, inheritance of pecu-
liarities in, i. 449,

HaNMER, Sir J on selection of flower-

inheritance of dark yolks

n the Arab boar-
, i. 18 aversion of the Arabs
to dun-coloured horses, i. 58.
Hmn- Mr, effet of excess of nourdhe
‘ment on plants,
Huz, hybrids of, it “rabbit, 1. 1093
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HARE-LIP,

INDEX.

457

HEWITT.

nl.rlllly of the, in_confinement, ii.
185; preforence of, for particular |
18.

Haw heritance of, i, 466, [
Honeas, Dry'en Ravetary dosmpmnsls
451,

HARTMAN, on ‘the wild ass, i. 65.

Harvey, Mr., monstrous red and white
African bull, i. 95,

AR, P Begonia

ing by bus
HEMLOCK, yields 1o conicine in Scotland,

of,
it "":zm sfct e pon the colour of
birds, ii. 2

189 ; effects of ervnl-bn«l

ng o0 the foale 1. 436 moustrous

saxifrage, 50.

Hasora vh- 881,

HAUTDOIS strawberry, i. 75,

HAWKER, Col., on call or decoy ducks,
i, 206,

arioties of, 1. 385, 387 ; py=

85 ; pendlulous hybridised,

changes of, by age, i. §
413; bod-varition in they . 403
fower bnd- 26 attacked by bl
finches, ii.

llﬁrl‘l Dr; nhlrlelzr of Esquimaux

00n, W,, on the feral rabbits of

Porio San to, i, 117.

Hazes, purplo—luw-d i. 385, 419, ii.

llnn 'of wild boar and Yorkshire pig,

] limbs, correlated varisbility
of, ii. sls
f, . 55,

in maize, i. 339.
He, assumption of male characters by
the, 29; development of spurs
310,

the,
“HENNIES” or hen-like male fowls, i

of the ash pro-
iie; m-m.

264,
Hexnr, T A, & vriely
duced by
oy

F.nm.,

variation in

npudwu of the woepiag aah by
seed, . 4
HeraTica, s LR
i, 412,

Heusenr, Dr, variations of Vioa
variation

unmuu:, i. 391393 5 change
dmd in the, by Lrnnnplnnllllvn,
i ects of

the, IL 263 ; annual varieties
i, 205.
Haar, offctof, pon the fiec of shee,
102,
n the breeding of the
mnmm in anﬁvlly, il m
of the, i. 84 pigeons
-n.h, AT
O, on the plants of the Swiss

I-ndnlln L 326, ii. m. 4225

i 335837 .

E’ L 455 oa the viee grewing in
the Bronze age, i.

B, piatogoaton . 425,
m.sz 1 -

3 bud-t i in

camellins, i 401; seedlings i
Teve i, . 4145
crosses of Swedish and other turnips,
i, 713 -hllthh il 185 ; breed-
ii. 120, 1215
or Zephyr-

i 475 fertility of

the crocus, ii. 148 ; on con

i, 149; hybrid Rhododendron,
253,

HERCULANEUN, figure of a pig found
in, i 1

HERoY, Sir R., appearance of "bl.uk
-honidmd " among ordinary pea-
cockg, i. 306, 807 nnn-mhnnuum. of
monstrous charactes
B13; crouing of white as celoured
Angora rabbits, ii. 70; crosses of
solid-hoofed pigs, ibid.

Herpestes fascia us and grisews, ii. 134,

HEUSINGER, on the sheep of the Taren-

tino, ii. 212; on correlated. constitus
tional poculiarition f, 891,
Hewirr, Mr., reversion in bantam cocks,
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HIBUERT.

51 eg-nzmhon of silk fowls
2585 perul sy of e
. 2653 7 prodotion of

o iakurtance a il #
tams, i. 4653 reversion in rumplzn
fowl, . 4 roversion in fowls by
5 hybrids of pheasant. aud

19, 43; assumption of male
characters by female pheasants, ii.
development of latent characters
barren bantam hen, 29;
ls from the silk- fnwl, i 4

HiBBERT, ur., on me pigs of the Shet-
land Islan:

Hisiscus. ‘5&

HIGHOAXD cattle, desoended from Bos
Tongifrons, i. 85.

Hiuy » Dr, ongraft-hybrids

with the potato i

ation, . 330 ; potato-

420 ; crossing of varieties,

3 on Primula sinensis and O.xalis

rosea, §i. 1133 on Cocydalis cava, ii.
113, 114,

Hit, R. on the Aleo, i 52; feral
rabbits in Jamaica, i. 116 feral pea-
cocks in Jumaiea, i. 2005 variation of

the Guinea fowl in Jamaica, i. 3103

40.
HOALAYA, range of gallinaceous birds
in the, i. 249.
HINALAYAN rabbit, i. 112, 1131153
skull of, i. 125,
HIMAUAYAN sheep, i, 98,
S M., on Chill

INDEX.

HOMOLOGOUS.

| - produised 1a td
ility in, i. 3153 -:l'unm«vol Uigurian
and common, i/

Hons, Fisix, on mhrbnedm; pige, i,
100,

“ Hocker-TAuB,

HODGKI, Dr.,on the mmum of foxes
by a femnle Dingo, rigin of
the Nswfnumilxmd d«g, i 44; tran
mission of & peculia lock of hair, b

Hovasox, Mr., domestication of Canis
prineous I’ 275 development of u
Gifth digit in Thibet
sumber'of Tibe ia hapod catiley
835 on the sheep of the Himalays,
i. 98 presence of four ma

rents of different
colours, i. 62 ; inheritance of peculi-
ariies inhandwritig 1 450; erslty
in a one horned stag, i
consanguineous marriages,
Horruox, Pro, on Rsphams, 5.
Hod, Red River, il
Hoa, M., retardation of breeding in
h\mg. i, 90.
H., necessity of in
AL T 4465 on hereditary
diseases, i 451; h:m'lxtny P
Harity in the eyelid, rbid

et the,
hml-n.vumon ln, i 4(‘9, yellnw-
berried, i. 462, i

HoLLYHoCK, bud- vistation in, i

“ HISKEL-TAUBE,” i. 149, 150,
HIxNY and mule, difference of, i, 43.
Higparion nomalous resemblanee to, in
hors
g hvbml of, §i. 120,121,
HIVE-BEES, ancient domestieation of,
8131 breeds of, ,Aau- poiyeta A
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of double varicties nt;
tender vmm of the,

ii. 855

HOMER, notice of geese, i. 302 breede
g of the hovses of Encas, 1, 180
L0GOUS  parts, correlated varia-
514-325, 346, 3473
833; afhnity of,




noors.

Hoon, correlated with ha
tion, ii. 318,
Hook-BiiLep duck, skull figured, i.

in varia.

Hookiw, Dr. J. D., forked shoulder-
673 voice of

asses,
the cock in Sikkim,
Arum-roots as food, 1. 524; na
useful plants of Australi, . 52
wild waluut of the Himalayas,

879; vari the planetree,
5863 prod is
from 7. ponduie W

seeds of

siugular form of Bayomia frigids,

plants run wild,
the sugar-cane, ii. 153; on
Aret ‘plants, . 3443 on the ‘oak
grown at the Cape of Good Hope, i,
2645 on  Rhododendron ciliatvm, ii.
207 stock and mmgnonette pereanial
in Tasmania, ii.

Hol

Homxueax, heterophyllous, i, 35
Homsio fovl, i 241 sku ﬁgmt i
279,

Honxtess cattle in Paraguay,i. 02
HDIX! of B correlation of,

lation of, with g
entary in yousg | olied un.h,
i w, of goats,
Homsis, in Swiss I.ke-dlullln".l 515
nt_ breeds of, in M

different of, y Archic
pelago, id. ; anomalies in muologv
and dentil (n of, i 5 mutual

fortility of different broeds, i. 53 ;

feral, i. 54; habit of seraping away
e of production

inberitanes sad

feral, i, 63, 645 effect of fecundation
by a'quagga on the subsequent. pro-
i inberitance o pecu-

s polydactylism
i e e g
e‘n(-nmu of “exostoses in
Jegs of i. 469; reversion in, ii. 6,
BRC icia ot wies a s
l, 16; prepotency of transmi i

n i
the sexes o, il. 40; segregation of, | Hur, Mryel

469

capt

Paraguay, ii. 189, am > ot

of, for trifling r:h-n:trn ii. 1955
i 197,

alteration u' oot o Ix ceal-umints
i, 268 ; deg f, in the Falk-

<

 ii. 294 white and white-

104, poksouod by mildewred vetches,

il. 3315 analogous variations in the
of,

k, .
HORSE-CHESTNUT, early, at the Tuileries,
. 8867 tendency to doubleness in, ii.

Hommumnu, general sterility of the,
. 154,
“Houpax,” 3 Frmch subbresd of
fowls, i. 24
Howau, Q,onmE‘ypﬁan onument,
L 17; on crossing sheep, ii. 73,

Huc, on_the Emperor Khang-hi, ii.
o

3 Chivese varieties of the bam-
bon,ll.
UMBOLUT, A., character of the Zam-
bos, i, 217

parrot speaking in the
language of an extinet tribe, 3
trans, ii. 265.
Hmnmn'v, Jnjuriows’ offct of, upon
horses, i,
Huueunm, Col., on Aucon shep, i.
04,

i, 198;

Hinsiveen cattle, i. 84,
nnnn .vo.n, [knd of gestation in
the d n_ secondary sexual

oose, i. 8035 inheritance of pect
Tiarities in Festure, oo, G .43
assumption of m

54; graft of the spur upon
its comb, ii. 255 on the stomach of
Larus tri

o
HoxTe, W., evidesce against the fa-
of imagination upon the

251,
ose interbreeding of rabbits,

offspring,
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HUTTON.

INDEX.

INHERITANCE,

ii. 1003 consanguineous marriages,
103,
HUTTON, Capt., on_the variability of
the silk moth, i, 320 on the number

f species of ulkvmxnm i 816
markings of sloworms. i 318; do-
pigeon in

Tadie, L 194; el
crossmg Cof Gallus buntica, i. 248
Teversion in goats from a cross, ii.

Y, i the transmission of
Polydctylism, L 457 on ncomelons
selection, ii. 1783 on correlation in

HYAE!\‘I‘H& L H‘N 396
i 4115 graft hyhml bv eite of

W€ bulbs oF 1, 197 white, repro-
duced by seed, i, 463; red, ii. 215,
830; varieties of, recognisablo by
the bulb, i. 238,

Hyacivn, feather, i, . 169, 305.

Hyacinthus orlznta’ lis,

of Galus, i. 245
248; ofalmond, poach, and nectarine,
359 maturaly produced, o spcies
. 4155 from twin-seed of
wx‘m And Juljens, i. 4263
Teversion of, i. 4; 2

ldn 9, 2

st astinel of sistle mnle. i,
27; transmission and blending of
characters in, ii. 69-73; breed better

yith purent spcies than with_each

other, ii. 112 self-impoteace i, il
119-191 m.m, produced in cap-
tivity, ii. 133,

anxxumm‘m igular effects of, in
oranges, i, a'l of chm—iu, 3693
difficulty of, in Cucurbita, 1. 381;
S rose1, 3001

HyBRIDISM, ii. 162-165; the cause of
a tendency to doublo flowers, ii. 155-
in relation to Puagenesis i. 81,
HYBRIDITY in cats, i. 46, 47 ; supposed,
of peach and nectarine, i. 367,
Hydrey i, 598, . 355, 352,
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HyprANGEA, colour of flowers of, ine
Susacel by sl i, 267.

HypRoC!
annocsl'luus, 285.
Hypericun calgoivum i 154,

IonTuyorTERYGLA, number of digits
in the, 186.

n the, ii. 16.
Tler aquifolinm, i. 462.
mm ettt

Imtaphylb(m mmudum, ‘bud-variation
in, i.
et s by savages, ii. 103.
INCUBATION. by crossed fowls of non-
sitting varieties, ii. 18,
IND1A, striped horses of, i. 615 pigs of,
i. 69, 80; breeding of il in, il
us- cultivation of pigeons in,

5.
INDIVIDUAL variability in pigeons, i.
66-168,

INGLEDEW, Mr.

cultivation of Euro-
. a, ii. 153,

e, i, 445-473, ii. 366-369,
8965 doubrs entertained of, by
some writers, i. 446 5 tance of,
to breeders, i. 446, 447 ; evidence of,
derived from statistics of chances, i.

3 h fixe
character, il. 57-30 ; affected by pre-
potency of nnu«mmmn of character,
Rk vyt bysr. 5. 41-31
corres) pnmlmg periods of life, i
573 sy of the subject o, i
61; laws of, the same in seminal and
bud unehu, i
in the hors
in rabbits, lll in
in the nectlrme, ibid.,
3685

id.; in plums, i
in spplen, . 5735 n peetl




INSANITY.

id. ; in the pansy, i. 8985 of

mary chmci s of Columba licia in
2115 of peeu-
Harites of ylunu‘e in pigeons, i. 169,
170; of peculi in
trees, i 385; effects of, in varieties

451, i

ts in, i,
of,in fecundation
464 efect of changed

1415 sterile
3 monstrosities in, i.

lxmv«-n. “defoctive, of silkworms, i.

mmnnmo, close,ill effects of,
9:—1 l 1, l

of domestic
of of
Pigs, i. 74, 81 of cattle, i. 86; of
varioties of cabbage, i. 3433 of peas,
i 345, 348, 349: of varieties of
57 of apecies of straw-
373, 3743 of Cucurbite,
380,581 of ﬂ«um, plants,
of pansies, i
IsTeRboTAL leL in goats 1. 106
INTERMARRIAGES, close,
IxTesTixis, elongation nf in .p. i
77 relative measurement of parts
, i goats, i. 106 3 effects of changed
diet o, i 202.

tary absence of the,
heredi aliariti
) m,.-n'.i"?f,”mmm Pty
i il
Iuusn,

le, Firled) practised by

Inox md, in Europe, dog of, i. 18.
Jeuxte .':mly of useful

tion, i. 219, 220,
Iravy, vine-growing in, during _ the

461

ity ofin the north of Europe,

JUAN DE NOVA.

Jacx, M it of foreign pollen o
grapes, i. 430,

JACKAL, i. 25, 28, 315 hybrids of, with
the dog, i. 337 prepotency of, over
the dog, ii, 43,

Jacksox, Mr, white-footed cats,
516, §

JACOIN pigeon, i. 161, 218,

Jnc..uun»liov‘mrr, on the mul-
berr,

Ju:m:x, Prot, on reversion’1n pigs,

from a cross, ii. 17; white pigeons
killed by hawks, i. 21

JaGuam, with erooked lege, i, 17,

Janatca, feral dogs of, i 28; foral
pigs of, i. 80 feral rabbits of, i. 116,

Junmx, Mr., on hybrid potatoes, i.

JAIAJ. horses of, i.
Jaraxime pig (ﬁgnnd). i72,
ir w‘, crossing of domestic
and wild cats, . 46.
Jaevss, 1, sikworm in the Sundwich
Tslands, . 5
Java, funtail plmn in, i. 135,
JAVANESE ponies,
lun,hu(wyofth. dog, i. 153
bistary of the fowl, i. 255 Hun-
erossing of
it wild uh, i. 46,
Jruny Burro,
Jeovens, L, whilenes of gand
30 mnfihlike varioty o the
> goldfish,

ok v o kg o by

pea] i origin of
domnlu: ol 1348,

¥ at cabbages of, i, 341.

Jessanise 1. 415,

Jusse, G. R, on the bulldog, i,

Jous, King, importati o of o
from Flanders by, ii.

onxsox, D., ne(-ununel ) stripes on

in India, i. 80.

th silk-

Brouze period, i.

5
Juax o Nova, wild dogs on, i, 27.
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JTAN.

INDEX.

KROPF-TAUBEN,

Juax FansaxDEz, dumb dogs o, 1. 27.

uglans regia, i. 5

Jukes, Prof,, angm of the Newfound-
Jand dog, i. 44,

s, carly domestication

China, i. 71 antiquity of

the du..m,c.mum. of the silkoworm in
China, i. 316.

JunrERs, a breed of fowls, i, 241,

JuNIPER, variations of the, i. 38, 387.

uniperus suecicn, i, 385,

Jussiaa grandiflora, i, 154,

JusSIED, A, de, structure of the pappus
in Carthamus, ii. 307,

KAIL, Seotch, reversion in, ii. 5.

KALM, P., on mai
troduction of wheat Cannd.

B85 warllivol e rowing
arshes . nd

i ens
“RATNT LOTAN" tambler pigeon, i
7.

KANE, Dr., on Esquimaus dogs. i, 22.

KARAKOOL sheep, i. 102.

KABREER, on Jaberitancs in fho hore,
i. 455,

“ Kamwrnrey Taube,” i.

futeur, i

Kumxer, on the culture of Alpine
plants, i, 147; definite action of
conditions, ii. 271.

REw s brwsing i capvity, 107

“ KHANDISL |

Bty b variety of rice

L2

Krop, on hhe cnnxry-bud i. 311, ii. 53.
iy bean, 1. 3063 varietes of, i

ot compensatory  development
of the, ii. 290; shape of, in birds
influenced by the form of the pelvis,
ii, 336,

Ki1xG, Col., domestication of rock doves
from the Orkuey

Kixe, Dr., on Paritium, i, 402.

Kixe, P. P., on the dingo, i. 21, 28,

Kiksy and pencs, o the growth of
galls, i

KInauista sheep, i.
KitE, breeding in cnp
KLEINE, varinbility of o 014,
KNIGHT, ANDREW, on crossing hoysu of

;

e
e 345, 1 110; paiin
tency of varieties of peas, i. 5
origin of th poach, 1. 557 hybridis
sation of the marello by the Elton
cherry, i, 368 on seedling cherries,
i. 8693 variety of the apple not
attacked by coccus, i. 371 intercross-

24

ing of strawberries, i

9 experiments
les, . 433, ii.
in_plants, i

variation nc heml and limbs, 3
of the &glh owl

growth upon fotility in Ml
147; great development of tubers
in bybeid plants . 156, inheitance
of plasticity,
hybrids af,umhm 2
cmuing & causs of \'nn.\nnn i, 2
2565
sary fur !er( i
“ KRAUSESCHW) 'BIN,”
Kromy, on the i reyrad\lcnon of
Meduse, i, 379.
“Kropr-TAUBEN,”

i. 143,
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LABAT.

LAn'r. -, cn- lnukn n' I'erll boars in

dture of the vine in

the West Indies, ii. 208,

Lapowxow, Adsa's, e Cyties odomi
reversion of, i. 408; pelo-

vism in the, il. 338 ; Watere

6,
LACHMAN, on gemmation and fsion,
ii. 851,
Lachnanthes tinctoria, i. 212, 330.
LACTATION, imperfect, hereditary, i.
4525
i

deficient, of wild animals in
142,

wheat, i, 332,
Larss, ., reemblancs of Norwegian
Devonshire cattle, i. 85,
un-nwu.mm. sheep of, i. 98, ii.

423; cattle of, ihid.; absence of
the fowl in,

of, i. 337, 45

835-337; peas found in, i, 345

s found i, . 349.
LAMARE-PIQUOT, observations on half-
boud Norlh Aseriaen wolngt 1 85,
Launr, . wja pendula o

liformis,

Laxenr family, i. 448, i. 53,

LAMBERTYE, on strawberries, i 573,
574 ; fiveleaved variety of Fragaria
collina, i. 375,

Laxor, L.
Islands,

LANKESTER, RAY, on longevity, i, 876,

La rum, T4 doge oy R el

on sheep in the Faroe
i 81.

hlu‘run. inect ageney nacemary for
‘the fal focundation of 1. 404

Lathyrus aphaca, ii. 335.
Tathyrus odorates, . 426, 463, . 68,71,

La Tovaie, J. D, on a anadan apple
‘with dimidiate fru 5,

INDEX.

463

LEGUAT.

“ an.num*x 162,
® pigon, 163, 217,
I.alnu Joeefres
WREN prnd ction of & new
hn.d ol b r.u}.m.d-, 1.42; occurrence
uru.m. in maren 5‘1 on threé-
rts-bred ho on inheri-
Taace in the horses & g,s, 455,
Lawsox, Mz, vareties of the potato .
850.

Laxtos, Mj 1- u.e

gooscberry,
Varisties of the pen, 1. 438, Seo:
weakness of transmission in peas, ii.
423 double-flowered peas, i. 152.

LAYARD, E. L., resemblance of a Caff
dog to the Esquimaux breed, i. 26,
276; crossing of the domestic cat
with Felis caffra, i.46 ; feral pigeons
in Ascension, i. 200 ; domestic pigeons
of Ceylon, i.'215; on Gallus stanleyi,
i 205 o black-skinned Ceylonese

fowls,
Le Courre: fumily, blindness inherited

in i 34
n Mirdili jalapa,
iy 4»7 h,\ma. e i e 4
ii. 155, 2533 crossing in piants,
108; fecundationof Passifiora,i. 1185
hybrid Gu..f-.

Lan

irope, i. 333 ; adaptation
wheat to soil and_climate, {id.
klmhmal-ud-eor 35 evil from
inter-breeding, il. 1015 on change of
soil, i, 1293 selection of wheat,
3 me selection n vhut, i
215 cattle of Jersey,
m Mr., on the llama nnd alpaca,

- Mr.,hu carly culture of the pansy,

.n'«lor oide, ii.
Lmu,.m ..r,smm in cattle i.

St fulsified experiments of, .10,
Luse, o fowls, oG

o, duckn . 3952508
LiaUAT, catle of the Cape of Gomd
Hope, i.

o e e T o
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LEMMANN.

INDEX.

LIVINGSTONE.

LemMaNN, occurrence of wild double-
flowered plants near a hot spriog, ii

Leinto, W. A, propagation of a
weeping yew by seed, i. 461.
Lerrser, effects of removal of anthers,
ii. 151,
LEMING, ii. 135.
Leorx, variogated. Symphytum and
Hlox,

%5,., 3561 orange fecundated

135,

Lutsivs, figures of aucient Egyptian

dogs, i. 17} domestication of pigeons

in ancient hgyp 5
Zepus is, 1. 116.
Lepus magellanius, i. 117,
Lepus wigripes, i. 113,
Lepus tibetanus, i. 116,
Lepus variabilis, . 115,
L s

Lomrme, changes o, by age, 1. 397~

.!ll’l‘,ﬂ'lol!, sexual, ii, 47-51.
Lnutranos, sspposed, of vas

jon, ii.

Lmam, pelorism in, ii. 32, 35, 38; pe-
lorierosed with the ity form,

248 sterlity of, i, 150,

Linagls lml_qaru and’ purpurea, hybrids
of, ii. 72,

Lixpesvri, puhtn—grlﬂ,ing. i. 422,

LispLey, Joux, tion of varie-
ties of eabbages, i. 1342} orlgi ofthe
peach, i. 3573 influeace of soil on
peaches and nectarines, i. 560 vi

ibid, ; product
Hautbois strawberries
{ bud-selection, i. 875
the large tawny

i 333,

485.
LiCcanr, onthelarva of Cecidomyide,
i. 853,

Lawss, 6. B, on Pangen: 350.
Lum. G, cattle of the West Indies, i,

Lumum‘m 150 Quitrefugee o the
ircassia, i

hcurnu. sterility in, 1 5

Licussters, wembllnce of Bosjes

‘man'’s dogs to las, 1. 26 ;

Hewtondlandsdon. st the Gapo of

ope, i. 37.

L1ewtg, differences in human blood, ac-
cording to complexion, ii. 265,

Losmamicn,oomerench of pigeaentary
retii eaf-mutes, ii. 522,

cs, i u
leucwE. cl\nhbﬂcmc‘e in, ii. 149,
ium bulbife-um and davurioum, i $51.

om candidum,
Lmn«, regeneratiou of, ii. 870,
Lons and hend, correlated variation of,
iy of, upon shells of the mol-
Tusea, ii. 270,
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to cald i, 209,

LiNxvs, summer and winter wheat

lens, ii. 147 ; recognition
reindeer by the Lap-
38 growth of tobaceo

Linota rannabma, i 141,
Linwm, ii. 149,
x, fortility of, in captivity,

183,

134,
Lipart, feral rabbits of, i. 118.
L1viNGSTONE, Dr., striped young pigs
on the Zambesi, i. 80 ; domestic rab-
bits at Loanda, i. 116 ; use of grasi-
seeds as food in Africa, . 326 plaat

taming of animals among the Barotse,
i, 144 selection practised in South
oy

|
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LIZARDS.

INDEX.
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LUCAS.

Lizarps, reproduction of tail in, ii. 284,

LLaxa, selection of, ii. 102,

Liovp, Mr., taming of the wolf, i. 27
English dogs in norther

ESLONGOMANPS, ongmlh

ated ,.lnnu,x 5245 Mon-

varictios of wheat, i, 381;

characters of the car in wheat, fid.

acclimatisation of exotic wheat in

2; effect of change of

climate on wheat, i. 334 ; on the sup-

el basaniiy of the coincident

variation of weeds and cultivated
3355 udvnnhgu of change
of soil to plants, i. 128,

Loliumtemulentum, variable presence
of barbs in, i. 331.

lmum- (LED sheep, i,

Ryt

Lowp, . K. on Cant atoin . 32,

“Lort RAJAR,” how produced, i, 269,

Lorius garrulus, ii. 269,

“Lorax ” tumbler pigeon, i.

Lo0bos, 3. W, varkeies of the s carrot,
1. 345’5 short duration of varieties of
}:m 485 o m the glands of peach-

ce of bloom on

Russian lpples "% 3705 origin of

varieties of the apple, i. 37: i
ties of the poossberry, |

56.

the mut tree, . 379,
ash,

884 (mllgnlu )un(por .
) i.

i. 38 !
hawthorn, . 157  yariation in the

e elm and

of dahlias from the same seed, i. 394
production of Provence roses from
seeds of the moss rose, i. 405; effect
of grafting the purple-leaved upon
the’ common hazel, i. 419; inter-
crossing melons, i, 1103 nearly
evergreen Cornish variety of the elm,
ii. 301,

pedlgnea of grgyn.u.nu
4475 origin of the dog, i. 16; bur-
f red g0,
285 ce of qualities in
lonn, 555 comparative po i
English vace-horees, Arabsy b
British breeds of cattle, i. 83 wi
cattle of Chartley, i. 88; effe
Thundance of fond o the sise of
cattle,i. 95 ; effects of climate on the
skin of cattle, i 96, i, 319 on inter-
breeding, us, selction in Hereord

m Fon “ sheetod* cttle,
ii. 341,

Lows, Mr., on hive bees, i, 316.

Low, Rev. M., on the range of Pyrus

Lol and . "acerba,

3383 on

"tmblnp&m i 157,

Loxia pyrriuda, i. 137.

Lunnock, Sir J., devulnpmeub( of the
Ephemerida, if, 361.

Lucas, P., llets of cross-breeding on
the femlle, hereditary disass
i 451, .ﬂ'ectiun'ﬂ

489; persistency of cross- et )
i 95 porsistency of character in
breeds of animal in wild countries,
i 399 propo i

races,

-nl:m vending e

haracters, . 695 on interbreeding,
2m
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466 LUCAZE.

INDEX.

MARCEL,

955 variability dependent on re-

production, ii. 237; period of action

of variability, ii. 2  inhonitanen of

deafuess i cats i, 352 complesion
329.

i e el
growth of galls, ii. 272-274,
Loca Prof, o the masked pis L. 723

on pigs, ii.
Lozzsr, gra l'hng ‘of a peach-almond on

and

a peach,
Loexe, “aia of the Careline Archipelago,

Luxumxcx, of vegetative organs, a
cause of sterility in plants, ii. 152,
135

LYONNET, on thescission of Nais,
hia

351
Lysinackia' munmleris sterilify of, ii,

Lngum, trimorphic species of, ii. 594,
Lythrum salicaria, . 166 ; contabescence

ta vesicatoria, affecting the kidneys,
73.

Masacus, speces of, brel in capivity,
ii. 135.

Macaviav, Lowd, improvement of the
English

MCLELLAND, Dr., variability of freshe
watar Sabiw in Tndin, 1l 200,

MCov, Prof., on the dingo, i. 26.

MACEAYDES, influence of soil in pro-
ducing swéet o biter orage from
the sume seed, i

)hmmu, H., on interbreeding cattle,

ii. 96.
M.uuum, rock pigeon of, i. 193,
lluynolm grondilorsy . 39,
Magy n rolste-graliag
423, 424\

422,
A1ZE, its umly utong‘
quity of, ibid. ; with h\ukarl raisia
tion of,

ers

a04, :m, crossing nl, 1. 430, ii. 82,
xtinct Peruvian varieties of, i

Matax fowl, i. 237,

Matay Arch!pellgn, horses o, 1, 58§
short- of,

young A g ot 1 50} uckaro

:mz, g s focundated
female, i. 428437 ;
of, on offspring, i
Mate flowers, appearance of, among
female flowers in maize, i. 53&

crnu—breedmg sheep, ii. 45 English
sheep in Fruwo, i3,

MLy, eyes

Mok, fenxhslhon nr.x 434, i 856,

Muuu:, s g Bt e zh. f,'ji
i 77 rudimentary, occasi
of, in cows, i. 91

i of the

zookdore i, 104; fural pigeons in

land, umber of vertebr

i bivde wild geose, i.

3025 nnmbex o€ ogn ol wild i tams
ducks, ii.

MACKEN: G., peculiar variety of

i, Sie
the pollu), 3. 830,

Macrmstz, P o variation in the
currant, i.

MacKIsNoN, M horses of the Falkland
Tands, & 55 foal attl.of the
Falkland I

MacKnieu, C., on .nmbmdmgmue,
i, 96,

MaoNaB, Mr, on scedling weeping
birches, i. 4615 non-production of
the weeping beech by sed. i 462.

MADAGASCAR, cats o
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309; four present in some -mp, i
99; 'variable in number in rabbits
110; Intent  functions of, in male

309,
anuual varieties of the
295,

rowth of spur
genesis, ii.

MANTEGAZZA, abnormal
of cock, ii. 3653 on gl
7.

i, e, taming of birds by the
New Zealanders, i
a0, domestic ow] potced i the 108
stitutes of,
Maxuze, nrm Sl fertility
plants, ii.
MANKX cats, i,
Maross pE: SEEI&I}E, l'ernh(y of the
trich, ii.

s
i
i




MARIAXNE.

INDEX.

467

MEMBRANES.

MARIANNE Islands, varieties of Pan-
danus in, ii. 243.
MARKHAM, GERVASE, on rabbits, i. 108,
ii. 188,
Maniton, prbably one of the parents
i 1

lhlquum, cattle of the Channel
Inlands, i,
Masanaroy, inheritance in the horse,

nnmw, etable, i. 380.
“&pc breeding of asses in
Kentucky, ii. 223.
MARSDEN, notice of Gallus giganteus, i.
246,

Mamaiizs, Dr. W, on Gulles soserat

M mu., Mr., voluntary uleetmu of
pasture by shoepy

S wheats o sl and clisate, b 3343

“Duteh-battocked » cattle, 1. 452

ugra‘ntlon of herds of sheep, ii. 81;

vautage of change of soil to wheat

o, 1L 138; fatbiosable

change in the horns of cattle, ii. 195 ;

sheep in Yorkshire, ii. by

Mixrisy, K. ‘vor, o Aokatnls, 0.

1 awrrx, W. C. L, origin of the dog, i
63
Viackomai v g,
houads in the Towes e 3
33; on dun horses and deppled wase
he horse, st wild
asses,

3 African

i, 16,

Masriss, detutive instoets of silk-
worms, .

Mlreros . thittrees of Stockhel,

Masox, W., bud-variation in the ash, i.
408,

- Mastins, Dr., on m.m..mn and
At

weeping willow, i. 40 lori
owers 1, 937 on Opuntia i, 3743
pelorism in a clover, ii. 338 position
as & cause of pelorism, ii. 338, 339.
Mr., persistence of varieties

i. 348 reproduction of eolour
m ths, 1. 463; on hollyhocks,
3 selection of peas for seed, ii.
m on Hibiscus syriacus, ii. 276 3 re-
version by the terminal pea in’ the

pod, . 340,
Mastirr, sculptured on an_Assyria

monument, 1. 17, . 24 Tibetan,

37, i

AThikws, PATRICE, on forest trees, .

2

Matthiola annua, . 429, 463, ii. T1.

Matthiola incana, i, 407, 429,

MACCHAMP mering sheep, i. 104,
AUDUYT, crossing of wolves and dogs

in the Pyrences, i. 24.
MauxD, Mr., crossed varieties of wheat,
ii. 110

MAUPERTUIS, axiom of “least action,”
M.mm'm-, importation of goats into,

mw, G., dnm of change of climate,

114,
dogs L. 18; barking of | Mardlaria at.

“ airo-rutens, fstilstion o,
by M. .qnu.,
MAXDNOWICZ, direct o 2t pollen, i.

MAYBII, on gold-fish in China, i. 812.
self-impotence in Amarylis,.

um-n. on the number of digits, i.
458 ; correlation of abnormal muscles
in th log and arm, ii. 514,

Yoz, fml.,pm.m o, i 364, 370,

son of European and ‘Amesican tree,

i
Meles tazus, i, 134,

clmate,
tion of variations i, ii.
gous variations i ii. 341.
MENBRANES, false, i, 284, 285,
2u2
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468 afNETRIES,

MOQUIN-TANDON.

uv‘xtmu, on the stomach of Strix

i
Mimarms, tubercular, inherte. .5,
Mok, potate-grfting,

METaGENESIS, i, 36

M

MErANoRTOSS and dtvdnpm-nl, ii.

Mrziem, on the supposed species of
el L. 268y 507 linry of wheat

o vary, i. 332; variation of maize, i.

j cultiation of Americzn

i e
OF Spanish wheat in Gormany, i 413
e f e ge of soil to plant
13 eulh\'ltlun
of dilfent Vi of whesty i
Mixico, dog_from, with tan spots on
colours of feral horses

E

Mwu, on seading of bananas, ii. 152,
and white, cslouss of, nok
S by crousag, i. 70} rejection

bitter almonds by, ii. 218 naked,

68,

Mmuux,v oan-coloured feral horses
of Mexico, i. 643 origin of domestic
turkey, & 08; on raising
from seed,

F., seloction of horses in media-
val times, ii. 187; horses preferred
on account of slight characters, 1.
194,

MipDEs, Dunish, emais of dogs o .

)lm!oll'rn‘. ii. 223, 301.

MiLLET, i.

M1t 3., diminished frtility of mares
when first turned out to grass, .

145,
MuE-Evwamre, on the derelopment
i 363,

e

Mitwn Bowaioe, Ay o a-erutions
with & moastrous. eye peduaele i
385,
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MrrouLt, D, offts of the poisan of
the rattlesnalke, it 279,

MirroRD, Mr., notice of the breeding of
horses by Exichthonius, ii. 156,

Mivagr, Mr., T tary organs, ii.

0ccas Court, weeping oak at, i. 461
MoaromD, horses poicaed by fual’s pass
e i
m 1 ot o oo ow A
il 270.
MoLE, white,
Movt and G.,.n, on eattle, i. 84, ii. 74,
195.

MoLusca, change in sholls of, ii. 270.
o, Lads, culturs of the pamy by,

llo'ﬂu:\'n, rarely fertile in captivity,

Moxxizs, Mantity. of, seomer, 488
winter wheat, i. 333.

Moxstens, double, i 333, 334,

MoNsTROSITIES, occurrence of, in do-
‘mesticated and_cultivated

anis

ts, . 389, ii. 241; due to per-

ce of embryonic ~conditions,

il. 81 oceurring by reversion, ii.
343 a cause of sterility, il. 150,

151 caused by injury to the embryo,
257.

varieties of the apricot cultivated in

h, i 366; varieties of the
walnut cultivated in Kaschmir, i
379,

Moork, Mr., on breels of pigeons, i
155, 168, 217, 216, 2215 on ground
tumblers, i.
Moomue, fortility of, in captivity, i

Moqun(‘hwmxv, original _form
ize, i. 339; mmy of the d«-.H«
mlnmh{n, i. 5895 peloric

i, 82-35] position as a cause




MORLOT.

INDEX.

NARCISSUS,

469

Beorin i fowsrn, 1. 397 tendency
vers to
monstr

lom fow

plants,
with monltm\u
bortive lealots i

Moot dogs of the Danish Middens,
. 183 sheep and horse of the Bronze
period, ii. 423.

Mormodes ignea, ii. 28.

Morocco, estimation of pigeons i, i
215.

llouu. grafts of Abutilon, i. 418;
pelorism, ii. 33; in nzoldna,

i ‘HS, non-coincidence of double
fowers 'and  variegated leaves .

Mosia, M- breeding of the kestrel in

captivity, ii. 137.

Mogse, Dr. digits of birds, ii.

Mortox, Lord, effect of lecundltmn
bv a quagga on an Aral

rigin of the dog, i. 16.

Mam am
Moscow, rabbits of . 111, 125 ; effects

origin of, fois
i 4053 Pl:ouncn

 Cader on the intradiction of
rabbits into Porto Santo,

Mor-or, mnmmnn of fulhzn in-
herited, i.

Morruing of frui

MOUNTAIN-ASH,

Mouse, Barbar,

“ MOVEN-TAUBE,” 1. 156.

Mowsray, Mr. on the eggs of game
fowls, i, 261; early pugnacity of
game cocks, i. minished fe-
cundity of the pheasant in captiv
ii. 139,

MowBRAY, Mr., reciprocal fecundution
nr I’rm»ﬂam alataand racemosa, ii.

and flowers, i. 430.
216.

135,

unum, character nf i, 21,
MULBERRY, i. 354, i

MuLE and hinny, differences in the, ii.
Mutes; striped slousiag oh, U 19;
obstinacy of, ii. 203 production of,
cascny Dha. Rosams, 5088 noticed
in the Bible, . 166,
MiLLER, FrrT, rep rehids,
11610, derelopmenl of crustacen,
5633 of pollen, i.
4315 ulf»szenle blgnoml, oy
MirLen, H, on and teeth in

of the tissue
Meni Max, ..mqmy of agriculture,

Mummcm of origln of pigeons,
hypotheses

ttle,
il of
5 reproduction of

b
151
Munt, xn, o of hybri s
Muneiy, J. J., the structure e
g ot prodible by slecion i

s sloalein i, 04, 5.
pwllm inensis

Musa and cazen-
dishii,

sonr eomessm, 1. 169, 306,

Muscres, effe on,

cts of use 287,
Musk duck, feral hybnd of, with the
common duck, i. 200.

Mymamioss, i eritance o now-in-

Mrarr,on s ﬁn.mml variety of the
strawberry,
Myorrs, hem\lxury,l 453
MYRIARODA, regeneration of lost parts
8.

Natug, growing on stumpa.of ngers,
i, 3

N, i of, i

Nanaquas, cattle it thn, 3. 91, . 102,

Nare ing single in
‘poor soil,
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NARVAEZ.

INDEX.

NEWPORT.

Nanvasz on the cultation of mati e |
plants in Florida, i.
N, sterility o, i upzmzy, i,

“Namag of Niatas, a South American
breed of cattle, i. 92-94.
Nuzuveron H. vor, onstiped s,
e pigs of the Swiss lake-
dwnllmg-, i, 71; on the races of
Digs, 1. 68-72; convergence of cha-
racter in hlghly-bred pigs, i. 76, ii.
2273 causes of changes in the form
of tep plgllkull,l 75, 76; changes
pigs by crossing, i.
go of form i the pig i 269,
ety of disuse of e ig,
i ﬂss period of gulnmn in the
pig, i 77 appendages to the jaw

hor cattle, ii. 96 ; on interbreeding,
. 955 o the sheep, il 98 in pigs,
. 107 unooniciousselectian i cttle
ofhighly-

v g5,
proley me-, i,
Nato, P., on the Bisiarra orange, i.

NaTURAL  Wlction, its general princ-
ples, i. 2-14.

NATvRE, sense in which the term s
employed, . 6.

NAUDIN, supposed rules of transmission
in crossing plants, ii. 433 on the
nature of hybrids, i, 23, 24; essences
of the species in hy 382,
35 eversion of hybrds, i. 3, 35,
4 'reversion in flowers by stripes

115 hybrids of T
aria vulgaris and pury
m in Linaris

463 variability in
Datura, ii. 254; hybrids of Datura
larvis and strumonium, i. 425 pre-
Boéncy of tsanmmision of Daiera
siramonium when etosed, i, 43;
the po robdlie and of hybrud.-,
i us {mu.mmn of Mirabilisi,
vated Cucurbitaces i, 350,
Tty tendrils in

s4
gourds,
§24; velation bel-nen the
umber of the fruit in Cucurbita

£4p0, 1 336; azalogons variation is
341; acclimatisation

of anrhluua'«

of fruit by

ile
on the melon, i. 383,

tacep, i
ii. 86, 264; incapacity of the cucum:
ber to s, . 382,
NECTARE erived from

ity d

the _peach, i. 557, 360-364; hybrids

of, i. 360 persistency of characters

in seedling, i#id; origin of, i. 36
¥ 361,

\wruv, variations of, in pansies, i.
sz on changesta the odourof plants,
- hmm » cat, i.

Nearoes, polydac o
selection of cattle practised by, ii.
191,

NrouTic period, domestication of
Bos longifrons and _primigenus_in
the, i 84; cattle of the, distinct

from the original specics, i. 903
mestic goat in the, i. 105 ; cereals of
the, i. 334,

NERVE, optic, atrophy of the, ii. 287,

NEUBERT, potato-grafting, i. 422.

NEUMEISTER, on the Dutch and German
pouter pigeons, i. 145 ; on the Jaco-
bin pigeon, i. 162; du})hulwn of
the middle ‘light feather in pigeons,

3 on eolnnnd

i

pigeons, i.

trampeter pigeon, . 42;
perfect plumage in pigeons,
advantage of crossing pigeons,

NEURALGIA, hereditary, ii. 55.

NEW ZEALAND, feral cats of, i, 493
cultivated plants of, i. 328,
D dog, modification of,
in England, :

Newaax, E, lmxhty of Sphingide
unde i

nessz. ement, ii.
tilisation of the ovule in batrachia,
i, 356,
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NEWT, INDEX. ORGANISATION. 471
Nuw, polydactyliom in the, i. 545, 103; known to Aldro-
NEWTON, A., absence of sexual distine-

tions in the Columbida, i.
production of  * black-should,
peahen among the ordinary kind, i.
306, on hybrid ducks, i, 140.
Noaxt, Lake, cattle of,
“N1ATA " cattle, i, 92-f 9‘ uumhlmee
of, to Sivatherium, i, 93 prepotency
of transmission. of character by, il

171;
red

Nican” sabbi, . 11,

Nicaotsos, D, on the cate o Autigu,
i 485 heep of Antigus, i,
102,

Nicotiana, crossing_of varieties and
species of, ii. 87; prepotency of
'.rl-.lml-lnn of characters in species
of, ii. 435 contabescence of female
or,'....n,n 50
Niootima glutinosa,
g cwei
dl:hnmruﬂﬂ in some iﬁm
ies, ii. 40,
RIGBT-BLLHD!_, non-reversion to,

5 Prof, on the barking of a
ol i
Lu breods of dathle b 8,85
« Bos frontoom In Soaney 1. &

Nrxo, M., on th

,g,'

o dingo, i. 41
“Nisus formativas,” i,
345,
Nrrzscw, on the absence of the oil-
gland in certain Columba, i. 155,
NOX-INHERITANCE, causes of, i, 470~
472,

mental
an fami-

284,

“Noxxa1x" pigeon,
NORDMANY, dogs of A'huh, 195,
Y, pigs ith appendages
under m Jaw,

Norwar, poui

Norr and Gllddon. on the ulm of the
dog, i. 16 ; mastiff represented on an
Anlyrhn tomb, J, 175 on Egyptian
dogs, i. 18 on the Hare Indian dog,
i

Notytia, ii. 116,

NOURISHMENT, excess of, a cause of
variability, ii. 244.

vandi
NUTMEG-TREE, i, 223,

Oux, weeping, . 385, 40
umidal 1, 1. 38

age, i. 413 galls of the, il. 272,
Oats, wild, i. H‘lll; in the Swiss lake-
patimd

Oneniay, change of soil beneficial to
the poato,i. 128,

Count, varicties of the vine, i.

2675 bud- ovariation fn. the

Eeidius

a‘mw Gﬂmg bud-variation in, i.

om.s, Dr. J. W., m)wnud dehmm
s

phalanges, i. nce of
towins, i, 239,
Olmuin. nhunu of, i funtail

ons,

Ortseie M e European
dogs among the natives of Australia,
i, 199,

OLEANDER, stock affected by grafting
in the, i. 415.

OuLzr, Dr., insertion of the periosteum
of a dog beneath the skin of a rabbit,

ii. 365.
| o.d.z.'m, reproduction of, ii. 114-116,

|. to m ety ru;x o

o,w,. .pyw, self-fortilisation of,
formation of pollen by a petal

Opuntia leucotrich, i, 267,
Onxo, i, 855-356; crouing of
68 with the lemon, i, 430, ii. 5603
naturalisation of, o Tialy,
North m{v i 2435
i, bizzarria,

L4173
Orcmns, reproduction of, i, 434, 435;
ii. 114-116.

Nougs, importance of in slection, | OEPORD,Lor,crong greshounds with

the bulldog, i.

yncha, the original nlwomun-.vn‘l-ol',l 13.
| ORGANISATION,

N “ptilorh
the Guinea-fow, i. 310.

', advancement in, i. 8.
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ORGAXS.

INDEX.

PAMPAS.

OrgANs, rudimentary and aborted, ii.
306-309; walighioation ot abnormal,
ii. 385.

OrioL, u!\lmyt ions of hen-plumage
by a male in confinement, ii

ORKNEY Islands, pigs of, i. 74; pigeons
of, i. 183.

OsioeTERs, segsserationof hiod egs
in the,

Urthosia mundﬂ, ii. 141,

OrroN, R., on the eifects of cross-

breeding on the female, i. 4365 on

the Mans eat, i, 41; on mongrels

from tho sll-fowl, i, 2 infertility

of geese in Quito, ii
oRxE, Dr., mhmm “mottling of

the iris, i. 454.

Osemuy, preying on black fowls, ii.
215

1.

Ospol

OstEx-SAckEN, Baron, on American
onk-galls, ii. 272.

OSTEOLOGIOAL characters of pigs, 1. 69,
70, 74, 77 ; of rabbits, i, 120-134; of
pigeons, i. 171-177 5 of ducks, i. 206~

208.

Ostrac, diminished fertility of the, in
captivity, i

Oma, ‘selection of dogs by the, ii.

Om

Sorran .heq) of Massachusetts, i.

Onm_, foral humped cattle in, i. 83.

Quistrri, breed in Europe, ii. 135,

0\'An\ \ tm of, 1 (‘uuu’nla mos-

82 evelnpmvnt of, inde-

pendenﬂy of po!l!n, i. 433,

Ovis moniana,

OvLEs and buds, dentity of nature of,
i, 3

o, Capt., on stiff-haired cats at

Mombas,
Owex, Prof. R.,pulmnnwlngwnl evidence
o the origin of dogs, i. 155 on

ossil_remains of rabbits, i.
108; on the iigniﬁcnnu ni the brain,
i. 1303 on metagen
theory of Feprotactyen had pishenns
genesis, ii. 37

v, eagle, breeding in captivity, .

156 African, figured, i.

Orvn. igeon, i.
" i 218,

 known in 1735, i.

Oaalis, trimarphic species of, i, 394,
i .

Oxzzx, Mr, ‘an the nvimeges &
2

Ovsrens, differences in the shells of, ii,
270,

Paca,sterility of thein confnement,

Pacteto Talands, pigs of the, 1.75.
Papud, carlest nown flower-garden

PADOAN fowl of Aldrovand, i 25
Paonix moutm,
PxEoNY- TEI:E, nlwlrn'. c\lltlvllmn of, in
China, ii.
Piaks dnithe Hungnnln sheep-dog, i.

Pacet, Sir J., inheritance of cancer,
4513 hereditary eclongation of
in the eyebrow, i, 42; re-growth of
s g S Ciroumeision, i.

75 porod of ml-munca of cancer,
i, 2855 on the
heal hng of wound, i 54 on the e re-

independence of the elements of the
body, ii. 365; affinity of the tissues
for special organic substances, i, 74,
PALLAS, on the influence of domestica-
tion upon the sterility of intercrossed
species, i. 32, 86, 202, ii. 88; hy]
thesis that nrinh:hly is whnlly due

343 nmssmg 'of dig

o 35 origin of domstie

cats, i. 46 ; origin of Angora cat, i,
n wild

tion
and jacl
horses, i. 55, 63 on
98; on Siberian fat-
2695 on Chinese
sheep, ii. 306 5 on Crimean Mo
of the vine, i. 853; on a grape wi
rudimentary ae«ls, 5. 506, on i

© The Complete Work of Charles Darwin Online



PANDANUS,

INDEX.

473

PEAS.

Pandanus, ii. 243.
PANGENESIS, hypothesis of, ii. 349
399,

Panicum, seeds of, used as food, i. 326
found 'in the Swiss Iake-dwellings
335,

Paxsy, 393,

Parrus, abortion of the, in Curthamus,

Pamdwunu, starility of species of, in
captivity, i

PARAGUAY, mk: nf 48; cxtll» of i.
923 horses of, ii. 80; dogs o
e anian donseic o ok,

PARALLEL variation, ii. 341-345.

Parax0s, woolly pigs of, i. 81.

Parasires, liability to m.cks of, de-
pendent on colour, ii

Bian defs it sk’ leg!,l 175
Tesembling the lndmn wolf, i. 2.

Pamisi, inheritance of hnndwrmng, i,
6.

iwn tricuspis, bud-variation, i.

102,
Pagcem, W, K. aumber of vertebrs in
ﬁywln,
PARKIN:
cinth,
PARKYNS, Mnmcm, on
guinea, i. 192.
PARMENTIER, differences in the nidifi-
cation of pigoons, 1. 188; on white

i
}l’lgum, gmm sterility of, in con-
finement, i. 1383 alteration of plu-
Tage of . 260,

PARSNIP, rey 45 influence
oF ssloction ao, i lB)‘ experiments
on, il 267; Wild, eolargement of

cultivation, i. 344,

PARTHENOGENESTS, ii. 352, 356.

Pantrivce, sterility of, in captivity,

m varieties of the hya-

Columba

. 139,
Pagrorrmios, difficult, hereditary, i.
52

‘major, ii. 216.
Pumjtor«, iy Fimpotence in species of
18, 119; contabescence of female

gaae s, i 15
pm iors .mm, fertility

of, when

PaSthani, Julin Jecallritis in_the
hair and teeth of, ii.

i and climate, adaptation of
o sheep to, i. 99, 100.
PATAGONIA, cranin of p!gs from, i, 81.
PATAGONIAN rabbit, i.
e, R oo the Axnn\ly silk-
th, ii. 296,
PACL, W, on the hyacinth, 1,304, 3055
varieties of pelargoniums, i. 4037
of transmission in_ holly-
improvement of pelar-

201
Paso ovatatus aad metious,bybrids of
306.

Pavo nigripennis, 1. 305-307.
 PAvODOTTEN-TAUBE” i. 148,
PEacH, i. 65; derived from the

304, ii. 243; bud-mnxn.lnn in, i,
598} pendul 4615 variation
by selection 203 peculiar

diseate of the, i
leaves of the, il 217 ; antiquity of
the .(. 2995 muraased hardiness of
of, adapted for

i, dOl‘ yellow-fleshed,
hlble o certain dnszmx, ii. 330,

130N
Pmum, origin of, i, 305 ; japanned

-shouldered, i. $05-507 ;
Jamaies, i 190 compara:
t an

01;
reversion in'seedling, i. 4 ; inferiority
of, in Plinys time, ii. nao vistar
nelis, attacked by aphides,
soft-barked varietis of, riaoknd bv
wool-boring beetles, i, 217 ;  orgini-
tion_of good varieties of, i
it s resstince of; 45
frost,

£AS, i, 345-349; origin of, 1. 345;
varieties o, i. 345-349 found in Swisé
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PECCARY.

INDEX.

PHLOX,

152; maturity of, accelerated by
selection, . 1853 varieties of, pro-
duced by selection, ii. 203; thin-
shelled, liable to the attacks of birds,
35 2163 revesion of, by the terminal
sced in'the pod, i.

Pacoumr, breeding of the, in captivity,

Peviones of horses,cattle, greyhounds,
ks, and pi

 horses of . 36,

PELARGONTUNS, mnlhyll origin of, i.
3883 zones of, 1. 390; bud-variation
in, i 402; variegation in; accom-
panicd by dwarfing, i. 409; pelorism
in, ii. 150, 337 ; by reversion, ii.

improvement of, by selection, ii. 201}
scorching of, ii. 2143 numbers of,
, i, 221 effects of
conditions of life on, ii. 263 ; stove-
variety of, il. 301; correlation of
gestmictad Leaves and flowers in, ii.

4, 25,
l’elmyovuum folgidum, conditions of
fertility

“ vars," & Colsoshiin breod of cuétls
1. 92, 212,

Petonic flowers, tendency o to so-
quire the normal £ ; fer.
tility or sterility 50, 151

PELOBIO Faces of Glosinia species sl
Antirrhiun majus, .

Pouommy, i 33-04,

VI8, characters of, in r\hhxts i.128;
pigeons, i. 176 in fowls, i. 281;

in ducks, i. 208,

Prumeox atle

PENDULOUS 1 385, . 3403 un-
Siriats:of femaeminion of 5, 461,
462.

PENGUIN ducks, I, 204, 206 ; hybrid of
the it Kgy an’ goose, i

Pennisetum, sesds o in
the Punj
Penniseturn di seeds of, used as

itichum, o

food in Central Aftica, i. 526.

PERCIVAL, Mr., unmhencnn&:emhoms,

i. 4553 on horo-like processes in
borses, i. 52.
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Perdiz iy soomsiomal unimy of, in

57.
PERIOSTEUY of a dog, producing bone
in a rabbit, ii.

Psnmuxl.z, sterility of, in England,

Pmu, estimation of pigeons i, i. 215 3

eon_of, i. ler
Bigeon o6l 160 eate of L4140
sheep of, 1. 1
PERSISTENCE of colour in

‘horses,
i. 585 of generic peculiarities, i.
114,
Pmy, sntiguity of maize fn, i 383
tato from, i. 350 ; selection
SC.wild 'suleuals practised by. the
92

lnm of, i, 191, 192,

“Peri zu-hms," . 161,

Perats, - rodim iy, in cultivated
plants, i, 3073 pm.lumg pollen, ii.

Perosias, multiple origin of, i.
388,

Pevartsen, Dr., vegetable teratology,
32,

“ PrAUEN-TAUBE,” . 153,

Phalanopsis, pelorism in, ii. 338.

PHALANGES, deficiency of, ii. 49.

Phaps chalcoptera, ii. 343,

ook mdiforss, i, 800, 314,
350, ii. 300,

i 2
mption of mdeplnmnge
'o wildness of hybrids
the common fowl, ii. 195
preputency of the over the fowl,
14 e fecundity of they

i
anum, gcldeu and Lady Amherst’s,
i. 289,

PurasaowIs, i

PurieEavx, rvgenannon of limbs in
the salamander, ii.

PHILIPPAR, on the varieties of wheat, .

Puirtaeeixe Islands, umed breeds of

g fowl in the, 1, 2
Buuiars, Mr, o bud-
potato, i.

Phlox, bud- ataion by suckers in, i.
0.




THTHISIS.

INDEX.

475

PGS,

Paruss, affection of the fingers in, ii.
326.

h grunting voice
of humped Gitle, I, 83 occurrince
of the head of a fowl in an ancient

extinction ar pocient Egyptisn breeds
of sheey oxen, it 4215 on an
=

gourd,
oS, effect of conditions of life on,
ii. 262,

L A,y oriental names of the pigean,

Pore, Prof, origin of the dog,i. 15;
on fossil oxen, 5.
Prnavos, Probeby due to reversion, i

Pritiesext, M., on the ribs of horses,

i 52,

PiGEAUS, hybrids of the hare and
g,

ProEox i m\m, i. 156,
PiGrox bagadais, i. 149, 150,
P1GEON coquille, i, 163.
P1GEON cygue, i. 150.
PIGEON heurté, i. 165,
PIGEON pattu plongeur, i. 164,
fiox polonais & 151,
PIGEON romain,
PIGEON tambour, o
PiaEoN ture,
Fagons oiginol, 1. 137, 140,189-214 ;
classified fable of breeds of, i. 142
pouter . 145.145; earrier. . 146
1i9; ot i 1461515 bar
151453; fantail,
156

i

ual
nericy i, 1663 individual varia-
tions of, i. 167-169; variabi
peculiarities characteristic of b
ual variablity in,
170, 171 o!leology of,
rrelati

15
B hhed wheh hatebed, 1 1

dovecot, i. 194, 195; arguments for

unity of origin of, i. 197-214; feral,
in various places, i. 199, ii. 75 unity
of coloration in, i. 204-206 ; nvenmn
of ongrel, o' cloration of C. liia,
i. 207214 ; history of the cultivation
OF.1. T15-317 hisory of the princh

pal races of, i. 217-2 odeof
production of races of, i. 222-25;
reversion in, ii. 225 by age, ii. 14

prudued by crossing in, i. 14, 2
prepotency of transmissio
racters in breeds of, ii. 4]
differencesi
period of perfect plumage in,
effect of ngngnmn on,
g of, within the same
 fortil ty of, increased by
38; offects of
inter-breeding and necessity of cross-
. 106 ; indifference of, to change

n of ‘cha-
4 xual

ki of

of first male upon the
mbxeqneut gy of the female,
y of the leg and wing
dla- union of two
s in fmhu-lomd, |lmL
correltion of bel
and - aoslagn
varistion i, u,m R g
of breeds
Pias, of Sw:s( lak«lwellmgs, L
y) |xes ul dern‘ad from Sus serofa a d
. 68-70; Japanese (Sus
frlioss Gn.y), figured, i. 723 of
Pacife lalsnia, 1 78, 5. 63 s modibon-
tions of skull in, . 7 77.: length of
intestines i, i 3 period of
gestation oy 1, 77§ ummber of verta-
and_ribs in, iid.; anomalous
l'm'ms, i 78,79 dmlopmm of
tusks and bnillu in, i. 79 striped
oung of, i. 80; reversion of rml,
to wild l)pe, Lol i 7 22
rodu anges of beeods
bbbt 6. 823 effects
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476 TIMENTA.

INDEX.

Pors.

polydactylism in, i, 459 crossore-

3 hybrid, wildness

3 dlsuppzlnﬂlw of tusks

in male under domestication, ii.

80, solidBoofed, i, 424 croses of
70,

nflue

rej

ii. 194, 50; unconscious se

tion of, iy 199; black Virginian, ii.
507 similarity of the best

breeds of, ii. 227 ; change of form in,

jurious to, il. 381; tail of, grafied

upon the back, ii. 3633 extinction of
the older race o, i 421

PrueNt, s

Pnn-mm,

Prxe-AveLe, xtenhty and var
of the, ii. 256,

P, Chinese, 314,

Prxks, bud-variation in, i, 406; im-
provement of, ii. 201,

Pinus punilio, mughus, and nand, varie-
e of P, aylatris . 581.

Pinus _sylvestris, i. 3005
hybnds o, with 2 mmmm, i,

ity

Pmrm\' on hereditary disease, i. 451,
54

cia lentisous, i, 264.
ey
, rudimentary, in cultivated

R, sterility of some mongrel
Hishs fertility of pigeons,

I'mum nmem and sativwm, i. 345.

Puryriasis versicolor, inheritance of,
ii. 55,

PLANCHON, G, on a fossil vine, i. 352
sterility uf Jussiea grandifiora i
}mn('t n 154,

riety of the,

PLANTIGRADE. carnivors, genernl ste-
ty of the, in captivity,

f nn.lhvahon of i

phical derivation, i. 828; crossing

10 cmpenative S
7o ef mm and cultivated, i
1

sel ent,
i oy trimorphic,
of, from chungel condi

velopment of vegetative organs, it.

152-155; influence of selection on,
183-185; variation by selection,

in uscful parts of, ii. 202-2041
yasiability of . 2237 varihi
induced by crossing, ii. 252; direct
action of hange of ¢ ki on, il
2663 change of period of vegetation
in, 1l 900} varictios of, sultabla’td
different ..1....ms,, 2965 correlated
variabilty o 3325 antiquity

Taces of, i,

Prstio, mhenlunn! of, ii. 227,

PLATEAT, e vision of amphi-
bious smmnh,x 8.

Platessa flesus, i

PLATO, notice of selection in breeding.
dogs by, i. 186.

Puica polonica, ii. 265,

PuxY, an the crosing of shepherd
dogs with the wolf, i, 245 on Pyr-
rhus’ breed of cattle, ii. 1655 on the
gimation of pigeins among the

215; pears described by,

i. 366-368 ; stones figured,
308 varities of the, 1. 367, 3685
2047 budevariation in _the, i. 5093
peculiar disease of the, i 213
flower-buds of, destroyed by bull
finches, ii. 217 pu lfrulted liable
to certain diseases,

inherited peunlmnhu of, in

PLUBALITY of races, Pouchet’s views

s food,
sy:cles e prnpagated by bulb!m, i

Fommiian it 1. 84
PorsTeRs, modification of, i 44
crossed with the foxhound, i, 73.

Pois sans parchemin, ii. 216,
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POITEAT.

INDEX.

477

PLOCYON.

Pormmar, origin of Cyties adem, |
4165 f cultivated varioties of
B tro, 1. 5

Povisi fowl, i. 259, 262, 266, 269, 270,
275: skull figured, i. 275 section of
skull figured, . 277 ; development of
protabersacs of skull 3
culum figu 2

Poum, or H.m.l.m “Tabbit, i, 112,

, 575 action of, ii.

551 R0t soiansior Taens

orchids, ii. 115, 116; resistance of,

to injurious treatment, ii. 148; pre-
71,

smission of varie-
9; on

local tendency to variegation,
POLYANTHUS, i.
LYDACTYLISM, inheritance of, i. 457
459 significance of, i. 460.
PoNIES, most fm]um on islands

45 Jav:
1 on jax: Boress,
61, 63; on the Joung of dsiwus o
dicus, i

PorLaz, l.amb«rdy, i. 385,
Pirria, on Cuban wild dogs, i. 26.
Porpy, found in the Swiss lake-dwell-
ings, i. 335, 387 ; with the stamens
converted into pistils, 389; difr-
ences of the, in
149;m n.nro\u,(erhhlyof u
150;black-ssoded, antiquity of,
l’mwm-m breeding of, in cap
5.

v,

. 15

PoRcurrE family, i 448, i. 53

Porphyrio, breeding of a species of, in
captivity, ii. 140.

PoRTAL, on a peculiar hereditary affeo-
tion of the eye, i. 47

Porro Santo, feral ubbm of, i 117,

oleracea,

Potamochcerus penic lnm, i 188

PoTATO, I, 350, 3515 bud-variation by
fobers . the, . 410, 411, grefi-

of half-tubers, i.

ot Cimpotence i the,

il 1183 sterility of, ii. 153; adv:

153
it to difwecs clmates
fonouer, 3. b views.0n plunhlv of

PovTER pigeons, i. 143-145; farculum
figured, i. 176 ; history of, i. 217.
Powss, Lord, experiments in crossin

humped and English cattle, i. 86, ii.

Pov:tn:lg Mr., on & graft-hybrid rose,

Prinsvior
PrECOCITY of Iughly <improved breeds,
318.

REPOTENCY of pollen, i
PREPOTENCY of transmission of charac-

.42 mpinnu B i
a variety of the pum

pheasant over the fowl,
iguin duck over the kmm.n
ion of the phe-

goose,

Romen of, i, 4447,
'RESCOTT, Mr., on the earliest known
European flower-garden, ii, 202.

PRESSURE, mechanical, a cause of
‘modification, 336, 337.

Prevost and Dumas, on the employ-
‘ment of several spermatozoids to for-
tilie one ovul

Puzris, Prof, on the effect of circum-

lnlmm in the structure
o{ '.h- fee'. in horses, i.

PRICHARD, Dr., on pnlyd.lclylum in the
Degro,i. 458 ; on the Lambert fam

ii. 533 on an albino negro, ii. £
on Plica polonica, ii. 266.
PROMROS doubl

single by transplantation, ii.
Primula, inter-crosing of specie of, i
856 ; contabescence in, ii. 150 * hose
in hose’ i 389; with coloured
calyces, sterility of, i, 149
Prinula

Primla vwlgaris, i. 464, is. 87.

Pasxox, Nir, o s Wtsharsmiog of
strawberries,

PRINGSHEDN, on eolunpﬂo 8

Procyon, sterility of, in ﬂpnnty,
134,
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473 PROLIFIONESS.

INDEX.

RAPFLES.

PrOLIFICNESS, incrensed by domestica-
tion, ii. 158.

ProToz0A, rupmdlu:ﬂun o th, 0 1.

1 365,

Pnuuu, wild horses !n,l 63,

Psittacus er 138,

Psittacus maco,

Peophie, geoeral -urillty of, in cap-
tivity, ii. 140,

PTARMIGAN fowls, i. 240.

Pulex: penctrans, i, 265.

PUMPKINS, i. 380.
PO poaies of the Cordillera, i, 54.

fo i, 218.

PUTSCHE and Vertuch, varieties of the
potato, i. 350,

Puvis, oficts of foreign pills

Pyrrhula. oulga 373 u-umymu
of the hen-plumlgt by the male, in
confinement, ii. 141.

PyRuus, his broed of cattle, ii. 186,

Py, tatigate Chlest species f i

P waria't i
Py pxn'a,n 21
w i. 872, 401.

1. 369,

Pyrus communis,
Pyrus malus, i

Pyrus paradis
Pyrus pravoz, i.

Quagas, previous improguation by, .

Qm-mnm, A. DE, on the burrowing
of  bitch o liter L 28; seecton
in the slkworm, i. 317 development
of the wmgl in the .nk:;m b 320,

n i
the breedin, of
g‘u; erlisstion o the

356 tendency to simi-
the best races, il. 2275 on

b < towrbilon cll” i, 35 on the
independent_existence of
ehmlnh. o1,

it byl pedunculata, hybrids
of, ii. 111

Q\nlcl,p-n‘n.ﬂdvnl.he‘ﬂ.m.

TS, domestic, their origin, i. 107—

los 100; af Mount Sinal and Algeria, i.
rudn os—us mm-

ussian,
u!;-ll'ls ii. 753 “fral, . 116-15

of Jamaica, . ua of m Falkland
Islan rto Santo, i.
117-150, 5. sx, 200 uuolu(lnl
characters of, i. ; discussion
of mndlﬁuunlu &lw-

teeasmaiiien of pocalisrity o
i, 456 ; reversion in feral, ii. 63 in
the Himalayan, ii. 15 crossing of
white and coloured Angora, ii, 70;
comparative fertility of wild and
tame, ii. 90; falsified experiments in
lnurbnedmg of, ii. 1003 m,mma,

lers,
m‘ i 188 white, liablo to prres-
effocts of
kull

343 perioster
of a dog producing bone in, ii.
365.

Raos-nons, orgin o L 50

Racks, mod a ofy
by m-.m. a7; and
asecal, 1 2521 Pouchat's views on

plrality o, i 2; ofpigeons, i 217~
Rmcr.vlm, W. £, ot of dimath
hlrﬂ-,

i. 5763 cone

nhnm-l differences in roses, i.
891,

RADISHES, i. 3435 crossing o, i. 683
‘varieties of, ii. QW.

Tetroj ‘metamor-
phosis in mosses l-d alg ii, 354,

Rivanrv, M., bud-varistion and reve
sion, i, 405,

RAFFLES, Sir STAMFORD, on the crossing
of Javanese cattl with s sondaiowy

191
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BAM,

INDEX.

REVERSION.

R, goat-like, from the Cape of Good

Hope, ii. 41.

Rax, M., on appendages to throat of
goat, i. 106.

Raxcnr, heredity of diseases, i. 451,
Razox of galliacsous birds on  the
Himalaya, i. 2
Raxxs, on the nﬂ'ectl of use and disuse
orguns,

RATTLESNAKE, upenlmmu with poison
of the, i, 279.
RAVEN, stomach of, “affected Ly vege-
table die i 292
11

Rawso:
of Gladiin
MTE, on the mum of a
yellow colour by all varieties nfrn-i",
339,

e in hybrids

REAUNUR, effect of confinement upon
the cock, ii. 27; fertility of fowls in

most climates, ii. 144,

Rexn, Mr., atrophy of the limbs of
rabbits, consequent on_the destruc-
tion of their nerves, ii. 287,

REGENERATION of amputated parts in

459 in the human emb

il 3575 in the Jower vertebraa,

insects, and myriapoda, ii.

Reanowru of smputaiel jomh, i

Jud sarly ultivaion of the cb-
bage by the Celts, i. 42; seloction
practised by the un., i 187.

Rexspree, individuals recogni
the Laplanders,

experiments in crossing Cytins

purpureus and labrns 163 mo-

dietion of & Thesen by oidiam,
274,

o, Sharactars o, Teproduced
i children, ii. 7.

R, occurrence of jaguars with

erooked legs in i

on the aguara,
guay, i 48 i, £ 165} dogs by

of plantigrade carnivora in captivity,
ii. 134; on Cavia aperea,
sterility of Cebus azara in captivity,
1. 196; abortons produced by wild
animals in captivity, ii. 1

REPRODUCTION,
contrasted, ii. ity o
of 18785 antagoniem o, to gmnh,

ii. 379.
Rusdu odorata, self-sterility of, ii. 118,

HnlxrrlA pigmentary, in deaf-mutes,
i, 322,

LITrEH, Herr, potato-grafting, i.
422,

RevERsIoN, ii. 1,2, 988,509,300, 808
39 i

vious cross in man, dogs, pigeons,

Pige, and fowle, i, 101 . Ayeride,

i, 9 by bud-propagation in plants,

il 10-13; by age in fowls, cattle,

ke i nms partial, from an in.
; cansed

ucing ~ pel

s i z-u of foral p:;. "o
the will type, i, 81, 8

Tl b o e il ot

116, 18; of pigeons, in mlnuhnn,
en 206-213; in fow!
us: 258, in the silkoworm, . 318

leaves of plants, i. «» fin C!I."IP,L
412; of suckers of the seedless
rry to the common form, i. 4103
u, buds in_hybrids of
plants, i. 442; of crossed
napdragons, i, 46 146, analogous
tons due to 1 540344,
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"RHINOCEROS.

INDEX.

ROSA.

RAINOCEROS, breeding in_ captivity in
India, ii, 132.
Rhododendron, hybrid,
Rlododendron ciliatun, i, 267,
Rhododendron dalhmuuz, effect of pol-
len of 2. wuttalli upon, i. 431.
Ribes grossu/aria, i. 376-578, 400.
Ribes rubruam, 1. 400.
number and characters of, in
fowls, . 280 characters o, in ducks,

5 Tn-

not requiring water, ii
hinanosox, 1. D on J" appendages

pi .
striped young in West
80; on crossing pigs, il 7
ferbresiing pig . 103; on slection
in pigs, ii. 178,

RICHARDSOX, Sir John, observations on
the resemblance between North Ame-
ican dogs and wolves L 91,235 on

the burrowing of wolves, i. 285 on

;
g

h
North American e m.pmg away
the snow,

Ricinns, aunual in Eaglaod, i 205,

Rispes, Dr. on the «Bagulotte "
485 on the Jacol

162 furtlity of hybeid

pigeons, i. 2015 circumcision, i. 467.

RILEY, on Phyl lluxeﬂ‘ i. 354,

RINDERPEST, ii.

RixtoUL, ur.,
4

pigeon,
eon, 1.

,.mu. - grafting, i,

R1ss0,on varietis of the orange, . 357,
Rivis, Lord, ,on the selecton of grey-
houndy, . 921,
vEas, Mz, peristency of charscters
in seedling pnm-m, 1.851; or
i 357, 850 pmmmy of

sistency o
aprmnh L0885 vr!g

Piartaion i foas plum, i. 399,

T e e e D

plum attacked by bullfinches, ii.

207 selling applet with surfuce

. 371; varity of the spple

Tound in @ wood,

i 300,301, hud-
i, 404406

roses from uedl uf thz MOss-Tose
405 effect produced by grafting on
the stock in ,m.mm,x 418 inthe

5 ted 419;

petals, ii. 218,
Ravibi, reprduction of Onoidium ct-
vendishirmum, ii. 114,
Rousrs, Mz, on inberiance in the
horse, 1. 4
v e glandular-leaved
peaches, i. 364.
Ronret, on the silkworm, i. 317-321,

Ei

e advantage of
soil to plants, ii. 128,120
on the growth verbena, ii.
2085 o brovol, . 801,

x e, measurements of the, .
1

=

140
Bk Erterlity of, Tn captivity, il

lmzm,mm, i
Ropw

115, 116,

., poisoning of horses by
tares, ii.

Romwu\n, foral humped cattle in, i.

Bitre. P ox td history of the peach,
ii. 299.

RoLLER-PIGEONS, Duteh, i. 158.

ROLLESTON, Prof., inherited effects of
injuries, i. 469; incisor teeth af-
festd in orm ' Gases of pulmonary
tubercle, i, 3

Roax

sternum of the fowl, i.

288; rudimentary organs, ii. 509,

ROMAXNS, estimation of pigeons by &
92155 breeds of fowls possessed by,
248,258,

RooKs, pied, ii.

Rosa, Bvated s specus of, i. 390.

Rosa devoniensis, graft-hybrid produp.d

nline
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SALAMANDER.

by, on the white Banksian rose, i.

Rosa indica and centifoli, fertile hybrids
a1, 3
Rosa spinosissima, history of the culture
3 uL
on Egyptian dogs, i 17.
lu-, 500, 301 origia of. . 388;
bud-variation in, i. 404-406; Seotch,
docbled by wldtion, i 1855 con.
tinuous variat & o effect
.( seaonal u.-n
5 galls of. ii. 274.
hs Dr., on P--.-ea, 877,
ENNAS, rabbit, i. 109,
mm. ity B Tt il

t,
nom-mm dogs of Junn Fernandez,
i.27; on South American cats, i.

i
variation of the guinea-fowl in tropical
America, i. 310; -nu:ycl‘nli
gy A g
il 145; sterility of Mh “lbl‘“’
into Bvuﬂl. ii. 145,

Rox, M., on a variety of Magnolia gran-

i i, 209,

Rovis, Dr. Ind xml.'.n varieties of the mul

1 1.'354; on Agave vivipara, il

158; variet n!ﬂu ot requiring
irrigation, |l from 4

¥ organs,i. 12, i. 308-310.
% Lavincs, etinction of breeds
of dogs in France, il. 421.
gReutxanry, geners! furtility of in cap-
tivity, .
e 1. 241
h-n,:. 1»-151. n.myo i 2205
and skull figured, i. 11:
i

Prot,
fpucd, 1. 101 lak
iwellings, 1. u; 3 divemity of easly
VoL

domesticated hnm., 158, pigeof the

Swis lake-dwellings, 1. 65, 71; o
humped eattle, o

e ok i
423; on « Niata ™ catile i. 5 sharp
of the lake-iws 97, ii.

423 goats of the S ake-dell:
ings, i. 1055 absence of fowls in the
Swits lake-dwellings, 1. 238; on

l", -IIL i: Mh‘: oh-rv-uu-«
H hld h \h- s-i- Inke-

refe
hares and rabbits, . 3185 s
nrm.l. mu ather oultivated plants,
il

. 330
aweling

Sapixe, Mr., on the cultivation of Kosa
315 on the cultiva-
503, 304, ii. 249;

St. AxGE, influence of the pelvis on the

dllp. of the kidneys in birds, if, 336,

. Dosraco, wild dogeof, 1 8 bud-
variation of dahlias

of the, 1 072, ar

capacity of
the nu;';t.. o milling with other

spocion, . 5835 varieties of th

to depart. lm
of plants in particular
SanauaoEn up-rl—ll an
283, 357, 48!
parts in the, Ry
21
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SALAMANDEA.

INDEX.

scorr.

Salamandra cristata, polydactylism in,

i. 548,
SALISBURY, Mr, on the production of
nectarines by peach-trees, i. 3615 o

the dahlia, i, 593, 394,
Saliz, intercrossing of species of, i. 356,
Sulii Tumilis, galls of, ii. 272, 273.
SaLig, feral uinen fowl in St. Domingo,

no\, gauly breding of male, i 7.
"

bud-variation in pelar-
sominain b S0 he! Cheyess-
themum, i. mnmsmn of

variegated loaves by sead, L 408
bud-variation by suckers in Phlo,
410; application o selection to bud-
icties of plant
lative effect of changed conditions of
life, ii. 249; on the variegation of
strawberry leaves, ii. 264; on pollen
within ovales, ii. 387.
SAUTER, S. J., hybrids of Gallus son-
noratl and m common fowl, i. 246,
of races or species of

“iits of the jackal, 1. 253
tilation inherited in mot-mot, i,

REUTHER, on inheritance in cattle,

i, 455,

sxmroD, Soe DavETIR

Sax30%, M., origin of the horse, i. 54;
T vertebra .J;ng«, P77,

San astet of th

S 48

SaPORTA, 0n P.sm.., i m.

S mma
Sars, the dev:luymenl of the
Rydeolds, il 364,

SATIATION of the stigma, i. 434, 43

Saturaia pyri, sesitty of, in confine-
ment, ii. 141,

S$AUL, on the management of prize
gooseberries, i. 378.

SAvvIG eties of the gold-fish, i.

5.

312,
Savaoss, their indiseriioate wse of
P 75 fondness

of, 3

SavE, offect of foreign pollen on maize,

130.

Seigo g i &

SAYZID MOHAMMED Mmm, on_car-
rier-pigeons, i. 148; on a pigeon
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which utters the sound “ Yahu,” i.

SCANDEROONS (pigeons), i. 149, 150,
SCANIA, remains of Bos frontosus found

in, i. 85.

SCAPULA, characters of, in rabbits, i.
1295 in fowls, L. 2827 in pigeans, i
177; alteration of, by disuse, in

n the horses repre-
sented in Greek statues, ii. 193,
SouLEIDE, excess of pourishment: &
wse of variability, i
SOMMERLING, e, vavistionf. the dog
found in a cave, i. 19.
Scuousuno, Sir R, on the doge o
Indians of Guiana, 1. 20, 23,
on the musk duck, i 191- bud-
variation in the
Teretion ot vesietie-of. tho. Cui
rose in St. Dmmgo, i. 4065 mnmy
of tame parrots n Guisos, i
Dendrocygna._viduata, il mr
wlection of Iowll in Guiana, ii. 104.
SCHREIBERS, on i
Sonijrze on the Torfwhwem, 7L

. sinus .
striped character of young wild p(;.,
172, ostelogy of Gallves nesll
i.302; on the black-shouldered pea=
cock, i. 805-307; animals breeding
in Zoological Gardens, i. 181 ; birds
breading in Zoological Gardens, ii.
186; o ‘the bresiing of il
capiviy, i 185, 140,
r, local ot of, i. 386

S00TOH k] and eblbag, cros et el
ii. 76.

Scor, Jomw, irregularities in the sex.
of the flowers of maize, i. 339; bud~
variation in Jmatophyllum miniatun,
i. 411 crossing of species of Ve
cum, i, 84, 85 self-sterility of Vers:

W 1185 =porimente .-z
75 rep

fin of orchids, 1. 1141 Teriity ol
o m di vanwhml, it 147; acelic
atisation of the sweet pea in Inds
908 ; imber o seeds i Al
and Gongora, i.
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INDEX.
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SEXUAL.

Sonore, on the Sootch. deerhound, i
49, 100,

ScUDDER, Dr., on re-growth, i, 359,

Semion, Sir Johs, effecis of clos
inter-breeding in} 99
taken by, in sclection of fowls i, 181,

SEpGy fits of crossing on the

fem-lu, i. 4363 on the “ Porcupine
man,” i, 448 on hereditary diseases,
i. 4515 heroditary affections of the
ook i, 458, i, 543 inberitanesof poly-

lism 'and_anomalies of the ex-
tremition &, 458,
formity in the sume fumi
on deaf-mutes, i.
injury to the eye, i. 469;
in diseases and anomalies of structure,
ii. 85 non-reversion to_night-blind.
ness, ii. 105 sexual llmlhtlnnof the
trammiion of pecularitis in man,
lh. Ml 4 s of -

i dt%clmy o teath, i, 319, 3201
occurrence of a molar footh in place
of an_incisor, ii. 875; diseases occur-
ring in alternate generations, ii. 396,
DILLOT, on the removal of portions of
bone, i 286
EEDS, earl; ulmm- o i 188; rudi-
relative
& o capenle, i, 397,
SeEs and buds, close: amalogies of, i
444,

SEEMANN, B, crossing of the wolf and
Esquimaux dogs, i. 22.
smmmo- ofcharacters . 425, 499,
u_the bud-destroying
habit of the Vallfnch, i 217,
SELECTION, . 176-236 ; methy
178-195; by the ancients
vilised 185-195;
195 ;

i

and semici P-"P‘-‘
of trifling chumm, L 19

unconscious, E
195-202; oicts ol‘, e by differ.
nees in most valued parts, ii. 202—
juced by accumulation of
ii. 205-208; natural, as
g domestic productions, ii.
105174, 208-219; as the origin of
o, ad other groups, i
42544 l'“" umstances. fu'(m':b]o
to, . m-m + teadesoy of, towarde
extremes, ii, 226-229; possible limit

of, ii. 229; influence of time on, ii.
50, 2323 summary of subject,
234,336 effects of, in modi
breeds of cattle, i. 967 in_prese
the purity of breeds of sheep, i
109, 104 i _proucing varicties of

2455
505 in the cnmwy, " 8115 n the
golifih, i 8125 in the ilkworm
16, 3173 contrasted in uhhngu and
Is, i, 3415 in whi

on gooseberries,
to wheat, i. 335, :ms; cempl
in carrots, &c., i. 345 in potato,
351 in the melon, 1. 383 7 in flowe
ing plants, i. 388 ; in the hyacinth,
8051 applied o bu

plants, i 448 ; illustrations of, ii.
416-424.

SELECTION, sexual, ii. 51.

SELF-MPOTENCE in plants, i, 112-
123) ta ndividual pleats, . 117
1207 of hybrids, i. 158.

g0, 1.
SELYS-LONGCIAMPS, on hylmd i,
ic 199, 5, 20, 1405 hybrid of the
hockbiled duck and Egyptian goose,
i 206,

SERINGE, on the St. Valéry apple, 1. 371.

SERPENT melon, i. 383, ii. 824,

Serres, OLviER DE, wild poultry in
Guiana, i. 249,

sm-m., hitesseded, antiquity. of
the,

Smm, faund in the Swiss lake-dwell-
Jogyi.

eep poisoned by buck-

orany, degunerston of, i Indis, i
30; Youstts remarks oa,I. 0.

Sex, secondary characters of ltent, i

parents, influence of, on
hybrids l, 355,

SEXUAL characters, sometimes lost in

domestication, ii. 50.
SEXUAL limitation of characters,
51
SEXUAL pecnhlnu., indued
mest e
i, 264-267 5 mmc-uq 68-270.
Sexvas varishility in pigeons, I 169,

m-
-hm. IL 331,

SEXUAL selection, i, 51.
2
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SHADDOCK.

INDEX.

sizE.

SHADDOCK, i, 555,

SHAILER, Mr., on the moﬁn-rme, i. 405.

SHAX ponies, s

SHANGHAT fowls, i. 937.

SHANGHAL sheep, their fecundity, i.
o1

Sumen, dipniel miglh o0 07761y
cation of, 1. 98 large.tailed,
1798, 102, 1 309 variesiom in
horns, mamma, and othér characters
of, i. 99; sexual ¢
by domestieation, iid. pta
oF b0 haste tad pussere, 1 100,
U AR
effect of heat un the flocce 02,
105, i, 263 effct of selcotion. on,
55 “ ancon” or % otter” breads
“Mauchamp-merino,” i.
cross of German and
S e
. 212; Karakool,
ies on the knee-.
ouig Dlnnh, of
polydac-
tyl 59 povi pro-
duction ‘of hnnu in horaless breeds

fluence of male, on offsprin
sexual differences

ml.m.n of

feeding

95 ; nm.hmnw\lmn of,
an

SHELLS, sml»lrut and dextral, ii. 2
SHiRLEY, u the mluMm, i,

v, Mr., new varieti s of wheat,
i 332, 3345 on crossing wheat, ii.

88; variability of wheat,
continous variation of wheat .

SuoEr, D., hybrids of the e atn tak
and Felis ornata, i

St aats o, . of, i. 59,
Sz, northern Fange et wid Moson

n
8; period of  getation fn the pig, .

77; producti s of pigs by
mmm.mg, 82, ii. 73; fertility
of the pig, ii. 903 effects of inter-

breeding on pigs, ii. 101-102; on the
colours of pigs, i. 193, 214.
StEBOLD, on the Sweet potato, ii. 209.
SEBOLD, CATL, VOX, on parthenogenesis,
ii. 353.
Silene, contabescence in, ii. 149,
. 42,

selection practised with, ii. 181, 183

variation of, il. 222; pﬂlhenngrnuw

in, ii. 357.

ILKWORNS, variations of, i. 316-318;
I

yieldig white cocons s isble to
disease, ji.
SiLve -GRP 2, 114, 125,

i1

Suox, on e musiog of egpa of B
silk-moth in China,

StaowDs, 4. B, period of matarity i
varions broods of catle 1. 90 ¢Sl
ences in the periods of dentition in
sheep, i. 1003 on the teeth in cattle,
sheep, &e, i 313 on the breading

., regenerative power of

the human embryo, ii. 338,

Sirlon Uneding fn the b
t

ranchiferous.

SISKIN, hmdmg in eaptivity, ii, 197,

Sma!v(nuu, resemblance of the, to
Niata ailey i 93.

vz, diffrencs of, sn obetacle to et
mg. .7,
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SPENOER.

qu, and its appendages, homologous,
7; hereditary aflections of the,
i 5

SKIRVING, . §., on pigeons setting on
trees in Egypt, i.

SKULL, characters of lhe, in breeds of
logs, . 35 in_breeds of pigs, . e
in rabbits, 1126,
pigeons, i. 172, 17 R

fnw]:, i 275-279'; in ducks, 1. 396,

o horns, correlation of the, ii.
327,
SKYLARK, ii. 137,
SLEENAX, on the cheetah, ii. 13,
SLOE, i. 366.
SMALL-POX, ii. 872
Swrren (pigeon), i. 164,
Srr, Sir A., on Caffrarian cattle, i.
91; on the use of numerous plants
Owd in South Afriea, i. 325,
Smn, Colonel HAMILTON, on the odour
of the jackal, i. 31; on the origin of
65 wild dogs in St.
Domingo, i 28; o the Thibet mas-
tiff and the .xm, i.29; development
of the fifth toe'in the hind fest of

44; on

on the breeds of horses,
. 51; origin of the horse,
dappling of horses,

a e
i 17; foral pigs of Jamica, i 86,

i E, production of necta-
rnes - puch by the same tree,
61; on_Viola amana, i. 3923

nMy oF - Vinca a1y Eogland,

Sarrn, J, development of the ovary in
Bo iosa_by irritation of the

. 434,

i

influence of the bull

Fevourite on th breed of Short-

horn cattle, ii.
arw, W., on m ln(ercrn(smg of
nmwbernﬁ

Seaxmann i 05, 63,

SNAKES, form DA the viscera in, ii. 336,

SNAPDRAGOY, bud-variation in, i. 407 ;

noninheritance of colour i, i. 464
peloric, crossed with
form,
variation of the, ii.

Sorw, adaptation of pl 68
influmos, o o, the e pelnl-
‘goniums, n roses, . 01 ; on
he variagation of leavesy i 40 o
vantages of change o, ii. 127

Sott and climate, effects of, on i
berries, i. 575.

Sulmum o intercrossing of speciesof,

tuberosum, i. 350, 351, 410,
o]

| SoLoox, his stud of hones, i 57,

SOMERVILLE, Lnrd, on_the fleece of
Merino sheey 103; on crossing
907 i sheep,
ii. 179 di edfm,m,nmenn
sheep brought from Spain, ii. 145.
Soory fowls, i. 242, 269,
Sorghum, i. 396,
S0, FERDIXAND D, o the ultivation
laats i Florids, 1 335,

o

S501E, hawihors mopogrpaes in,

SPALLANZANI, on feral rnbmu m L|-
i sal

39; King Charles’s,
(e dzzzneun n of, caused by in-

Seaxisi fowls, i. 237, 263, 208; figured,
i. 238; early development of sexna
gharacters i, i 363; furculum of,

i
n, . 4105 by mutual
sterility of varieties, i, 169-172.

Sexxoen, Lord, on selection in breeding,

SeExen, HERDERT, o the 4 suryi
the fikest, i, 63 increase of T
by domestication, ii. 89; on life,

15 chlngu P

xmml conditio

con
in the Irish elk, i, 327, 32
on “physiological units,” ii. 37
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SPERMATOPHORES.

INDEX.

STRIPES,

antagonism of growth and reproduc-

ion, ii. 379,

SPERMATOPHORES of the cephalopods,
ii. 31

bpzxmAmoms 357,

PHINGID.E, smmzy ettty
i, 141

141,
h?wou\, on the injurious effect pro-
duced by flowering buckwheat on
white pigs, il 331,

s-breedin

146.
Srores, veproduction of abormal forms
by, i. 408.
Spors, i. 3975 in pigeons, i. 228,
SPOT pigeon, i. 163, 217,

SereoeL, K., on dichogamous plants,
ii. 685 on the hollyhock, ii. 865 on
the funetions of fowers, ii. 159,

SPROULE, Mr. transmission of hare-lip,

i. 466.

Sevns, of fowls, i 2673 development

of, in heus, ii. 310,

SquASHES, i. 381

SQUINTING, hereditary, i 453.

Squneers, generally sterile in cap-
tivity, ii. 135.

SQUIRELS, fying breeding i confine-

t,

« S Tasber” . 160

$1AG, one-horned, supposed hereds
character in, 3 degeneracy of,
in the Highlands, i

SaMENs, occursence of rulimentary,
ii. 075 conversion of, into pistils
589; into petals, ii.

Staphylea, ii. 152.

StEENSTRUP, Prof., on the dog of the
Danish Middens, i. 185 on the ob-
liquity of founders, ii. 25.

srzmax, 1, on hendiitary dlssats 1.
451,

on the bits o the

curring in the descendants i
animals bred in captivity, ii. 143;

individual, ii. 1463 resulting from

propagation by buds, cuttings, bulbs,
i, 153

bhybiide, i, 162100,
n specific hybrids of
s connected with

i. 1283 in pigeons, i. 177, in
fowls, 1. 282, 288 effects of disuse
on the, i. 180, 184-188
Stewarr, I, on hereditary disease,
Sriaa, variation of the, in cultivated
Cucurbitacer, i. 382} satiation of
the, . 434, 435
StocKHOLM, fruit-trees of, ii. 207.
rocks, bud-variation i, 1 407 effct
of crossing upon the colour of the
o 429 true by sed, § 4635
crosses of, if. 71; varicties of, pro
uced by solestion i, 304 reversion
by

4y
the upper sceds in the pods of, ii.
340,

Stockrox, Hovon, direct action of
pollen, i. 431.

‘Stoxes, Prof, caleulation of the chance
of transmission of abaormal prcul-
arities in mnn

m production
of by nm.bemes,

i. 375,
SroxaCH, structure of the, affected by

nod
Smsr. in the ‘bladder, hereditary, i. 452,

Sroven NGE, on maturity of the dog,
i. 363 “inherited affcts of injury, 1.
4705 cross between bulldog “and
greyhound, fi. 63; close interbreed-
ing of greyhouud. u, 100; fleetness
of race-horses,

Stoer, J., pedlgree ot eatle, . 9,

STRAV«M‘BBITB, i. 372-376; remark-
able varieties of, i. 374, 37 han
bois diecious, i. 575; selecti
1843 probable further modification

229 variegated, effects of soil

on, ii. 263,
Srmcxu‘dn, A., on the domestication
3033 on the colour
of the bill and legs in geese, i. 304
Strictwnas, i. 192,
STRIPES on young of wild swine L 605
of domestic pigs of Turl
Shalln, aad the Zambedt, i1 ol

foral swine of Jamaica and New
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INDEX,

TEETH, 487

Granada, i 81; of fruit and flowers,

i 430, ii. 11 nhars 58-63; in
6

wrnEss, D., ;ﬂeolngy of the feet in
fed

g hoofed pigs, i. 78; on poly-
458.

igeon
Successio, genlogmll, of organisms, i.

SucKERs, bud-variation by, i. 409,

SUGAR~ oAE, sterility o, in various
countries, ii. 153 sporting of, st
white, Iubllny of, to disease,
330,

SutciDE, hereditary tondency to, 1. 451,
ii. 5
Sbmvu(, Admiral, on the horses of the
Falkland slands, i. 535 wild pigs of
the Flkland Islands, i 80 ferctile
f the Falkland Istands,
fml  abbits of the Falklund l:lands,

8 8
Sus plwuzpa ured),l 72.
S)u.!a'aja, i us‘ 69, ii. 89.

s sorofa palustris, i. 1.

senariensis, i.
Sus vittatus, i. 70,
SWALLOWS, a breed of pigeons, i. s
SWEET peas, ii. 68; croses of,
rarietes of, coming. trus b ston
463 acclimatisation of, in India, ii.

SWEET William, buariation i 0.
SwiNnoE, R., o e pigeons, i,
155, 2165 on nrlpeﬂ Chinese horses,
615 on the japanned  pescock, . 305,
swm..mwn, ancient dogs of, i, 193

gt of, in the Neom}uc period, .71}
Foats of, .

Svcavont, i variety of the,
. 808

Sexes, Colonel, on o pariah dog with
ooked logs i 175 on small |
us sonney
n v e Imlnn l\ulm
oock 1 272, frtlty of the fowl in
mmt clim
Srurar, hereiifary departures from,
45

Symphyium, variegate:

Svpiis, hereditary,

SYRLA, asses of, i. 65,

Syrinja persica, chinensis, and vulgaris,
ii. 148,

i. 410,

TACITUS, on the care t
in breeding animals,
Tagetes signata, dwarf vnneh‘ of) i

enby the Cels

ATy, varities of cultivated. plants
. 243

nm, never curled in wild azimal
13 rudimentary in Chinese sheep,
306

ﬂ. numbers of, in breeds
of pngeom, i. 167, 168 peculiarit
of, in cocks, i. 267 ; variability of, in
fuwln,l 27o< cuxled in Anas boscl s,
and tame drakes, i. 395.

Tar, LAWmu, prescece of hairs and
teeth in ovarian tnmoun 3

’l‘nmm., mr et o dinuseof parts

in cattle, i, 28

TAnn, stenlxty of the, in captivity,
153,

TaroioNITozzETT, on culti
plants, i, 823; on the vine, i 352;
rieties of the peach, i. 363 origin
and varietes of the plum, i, 367
he cherry, i. 8685 origi

o0

o mm,
TARSUS, variab the, in fowls, i,
reproduction of the, in a thrush,

8.

TawTas, thei proference for spiral-
horned

Tmumn, ab\mt‘mee of pigeons in
Persia, 1. 2

Turs baouata, . 461,

| Tavion, Mr., potato-grating, i. 4,

TEEBAY, Mr, Teversion in fowls,
'BETH, number and position of, o «lugs,
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TEGETMEIER.

INDEX.

THORNE.

3,85; deficeneyof, in naked Turkish
dogs,’i. 365 period of appeara
i e . P

in_highly-bred animals,
relation of, with hair,
Tow of, with redundant hair, in Julia
Pastrana, il. 821; affected in form
by hereditary syphilis and by pulmo-
wary tubercle, . 325; devaloped on
the palate,
e b , on a cat with mon-
ok e k

50; on a swift-like
pigeon, i. 1633 on sexual colours, i.
170; el ng of some

4 1505 Rty o ssteid pigsonny
201; pigeons, ii. 215; re-
version in crossed breeds of fowls, i.

251-256; chicks of the white silk-

tance of some breeds of pigeons ‘to
cross, i. 202; sterility of hybrid
serledoves i 208 wmmm of
Gallus bankivg, i. 247 ;
soloured breod of tackeys, & 399-
number of eggs laid by the peahen,
ii. 91 breeding of gumm cnpnvny,
i, 180 behavi
Sivity, 4. sterity of tho partridge
in captivity, i

TExDRILS in Cucurbitacem, i. 381, i

Texsux, Sir J. E., on the goose, i.
302; on the growth of the apple in
Ceylon, ii. 2663 on the Jaffna sheep,
ii. 292

Teredo, fertilisation in,
TERRIERS, wry-legged,

m white,

on'a husked form of

fowl, i, '261; development of the | subject to distemper, ii. 3
cravial in Polish fowls,
i. 2625 on the skull in the Polish | maize, i. 339,

fovel, i. 268, 275; on the intelligence

of Polish fowls, i. 276; corsiation

of the cranial protuberance and crest

in Polish fowls, i. 289; developmen t

of the web in the feet of Palish fowls,

. 272 early development of several
26:

on the Spanih fowl i 004 variatios
of g  pedigrees of
47, assumption of
female plumage by a game-cock, i.
2655 natural selection in the game-
cock, il. 210; pugaacity of gum
hens, i. 268 ; lengtir of the middle
oot Coshin towls 1. origin of
the Selright bantam, i, 59 differ-
he size of fovls, i. 270

of non-sitting races of fowls, ii. 183
inverse correlation of crest and comh
b fowls, 1. 288; oceurrence of pen-

led feathers in fowls, ii. 14; on a
variety of the goose from Sebastopol,
L 8045 on the furtility of the pes-
hen, m the intercrossing of

beeh i 107,

e, orginof domesticeate . 46;
origin of domestic pigeons,i. 1

imb guinao, . 1035 vo Cuumli

leucocephala, bid. 5 asserted reluc-

TESSIER, on the period of gestation of
the dog, 1, 80; of the pig, .77 ; in
e, 4 experiments on change

nf l
Tetrao, b)eedmg of species of, in capti=
vity, ii. 139.
Tetrapteryz paradisea, ii. 140.
eucrium impmdatum, pelosism in, .
7.

33

Texas, foral cattle in, i.

THEOGNIS, hls notice of m domestic
1,

fow
Tnmmm.urus, his notice of the peach,
ii. 299,

um, ii. 274,

Taourso, Mr, on the pesch and nec-
tarine, i 363 3 on the varieties of the
npma i 36..« elmhum.m of varie-

ties of cher m the “Sister

ston - pil i 37 H the
Tosiotion o€ e gooxebeny i. 376,
377,

THONFSON, WILLLAM, on the pigeons of
|<1nv, % 193 feral pigeons in Socot-
land, . 9;mlnvre('bhebxlad
logs in geose 1 ing o

phuty, i 1393
dmmmon "ot black fow by the
B}

Thon, grafting of canly_and lae, .
386 Glastonbury,

TroRss, menn\-nnmn .»r, into branches;
in pear trees, i.
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THRUSH.,

INDEX.

480

TONOURS,

Tunust, sserted reproduction of the
us in a, ii. 358,
Tiuga pendia or i
. orientali
TuwRsr, on the division of the zoospores
of an alga, ii.
Texwazess, G, H on the caa of Ceylon,
i. 485 on a twin seed of Fiul

formis, a variety of

cinea and fulgens,
T, upemnenh in rearing wild
ducks,
Tiger, nrely Tertile in capti
35,

Tigridis conchifiora, bud-variationin i

Toim importance of, in the production
of races 230,

5,
TINZAANY, self-impotence in the potato, |

ii. 118,
Tisurs, affnit, of for special organic
substances,
Trxion, O irasiieh 46 \sbimmiatad
walnvts, i, 379 ; attacking nuts, ibid,
lkllnklng peas, ii. 216.
Tonacco, crossing varieties

of,
ii. 87; cultivation of, in Sweden, ii.

ToboLsK, red-caloured eats of, i, 49, |
Toks, relative length of, in fowls, i.
2733 development of i1, i dogs

i o0 selection of cattle, ii.
183,

Towato, ii, 68.
Touss inheritance of deatal malforma-
452,

3 T
Tovou., nmwu nf 3 the beak in |
pigeons, i. 77.
00T, oceurrence of . molar, n place
of an incisor, i
“TORFSCHWEIN,” i. .
Teatt, R., on the union of half- znbus
of different kinds of potatoes, i.

| e of, suddenly pruducnd,

i. 384 weeping ot pendulous,
fastigate or pyramidal, i
variegated or changed folinge, ! o ;

early or late in leaf, i. 3865 forest
noncapplication of selection to,
s

“TREMBLEUR” (pigeons), i. 153.

Tasmwy, on reproduction in Hydra,
ii.

“’l‘mvm.'n"" silkworms, i. 318, 319,

uina, i. 3

e, Inberitance of, & 430, 4L
Tirifolium minus and repens, i,

TaiMoRFIo plants, conditions. o r-pnh
duction in, .

Tristray, H, B, selection of the drome-
dary, ii. 190.

Triticum dicoccum, i. 337.

Tritioum monococcum, i. 337.

Tritioun. et i, 330,

Triticun turgi 387

Driticun m:gm, wild in Asia 1, 850,

TRiTN, breeding in the branchiferous

65-160.

stage,
“ Trow ” 1. 162,
TaONPO  pigeon, 1. 151,
Tropaounm, i 11,

minus and majus, reversion
in hybrids of, i. 425.
TrouBETZROY,  Prince,
ith pear-trees at Mosco
TROUSSEAU, Prof., plhholngmnl Tesom-
blance of twins, i, 2
Tageeres. pigson, I wz known in
1735, i,
Mot mics, Y. Ao ¥, graft-hybrid pro-
duced by inosculation in the vine, i.

experiments

‘Tsonupr, on the naked Peruvian dog,
4

i 24; extinet varicties of maize
from 'Peruvian tombs, i. 338, ii.
421,

Tuners, bud-va 411,

TockemuAN, Mry sterlbty of Cares
rigida, ii.

TorrED ducks

TuLars, variab 145 bud-varin-
tion in, i. 411, ou, atus oLy

in “breaking,” i. 411

6-161; shon.

Tvxm.ux pxgzon,
ed ired, skull ﬁ

. 150

facy L 1605
o »~ v jaw figur
scnpnln and fureulum ngnnd, 01763
early known in India, i. 217
of, i. 219; sub-breeds of, i. 230;
ung, unable to break the egg-shell,
 probablefusther modifioation

« T (pigeons), i. 156,
ToMOURS, ovarian, occurrence of hairs
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TURBIT,

INDEX,

VARIETIES,

and teeth in, ii. 365 ; polypoid, origin
of, ii.
ToRBIT (pigeon) i. 156, 219.
TuRKey, domestic origin of, i. 3083
of, American wild
508, 809 breedscf i.308;

legene

of, in India, i 3104 ii. 267; failure
of aggs of, in Delhi, i. 1453 feral, on

the Parana, i. 1995 change pmdu
in, by domestication, i
Tonker, striped young pi
“TuRKisor 5
TURNER (
TURNER,
TurxER, W., on cells,
TonxIPS, origin oy
4, §i. 73 crnuc«uf .71

Turtur risorius, crossing of, with the

common pigeon, i, 2023 hybrids of,
with 7. oulgaris, i

Turdur suratensi, sterle’ hybrids of,
with 7. m[varu, i, 208 hybrids of,
with 7.

Turtur .a,am, crosing of, with the

hybnd of,

bri

of, with 7. miatensis and Betopises
migratoris,

Tonss of ik domesticatad pigs, 1.
L

ussilago farfara, variegated, i. 410.

e i Dot ittt
Julgens, . 426.

TYERMAN, B., on the pigs of the Pacific
Islands, i. 73, ii. 64- on the dogs of
the Pacific Islan

Tytow, Mr., on the pmm tion of con-
sanguineaus marriages, ii. 105,

Unpers, development of the, ii. 200.
Ulez, double-flowered, ii. 151.

| s campestia and of s, hybrids of

i, 1

bnmmﬂrv ofcharsctar alutined
62-67.

Uirs nf the b(-rlv, ﬁmrtmnal independ-
ence of the, 3643
Vst or ploral Ao Forguesani

Unisa, seceetion of, i, 3
Ust and disuse of parts, effects o, ii. 285,

2 346, 413, up i sebbit
1201134} in ducks, i. 209-301.
Uriwiry, considerations of, leading to
umiforinity, ii. 227.

VanmxTis, experimental production of
double monsters by, ii.

Vallota, i 131,

VAN Brck, BARBARA, @ hairy-faced
woman, i. 448.

. on wild fruit-trees, i. 329,

production of varieties of the

S0 el by
frui 3 production of

mond ks it by peach-seedlings,
. 359,

Vanessa, specios of, not copulating in
captivity, i

VARIABILITY, . 4, il. 366369, 388-390,

6

n, 74
of selected chnrxchn, i 2355 of
e homologous parts i, 364

VS

2

83 con-
it  possile Timita-
f, n Z‘ZE 413, 414‘ in dumesuc
5 origin of breeds
muu bv,| 91} in usteological cha-
racters of rabbits, i 120-1363 of
important organs, i.
or parallel, i
58 in the horse ml m, i 673 in
fowls, i 255-258 03
Exemphﬁ-d ke producnon of

e

n cal
1 the pameh nenterine, end sprioety
e 565+ ‘ndividuat, i wheat 1

VARIEGATION of folinge, i. 409, ii. 151
VARIETIES and species, resemblance of,
i. 4, ii. 406-408 ; conversion of, iuto
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VARRO. INDEX. VIRGIL.
specie “abnormal, ii. 409 . 28, 304,
dometic, md....u u 411, | VERTEBR, characters of, in rabbits, i

VARRO, on'domestie”ducks, i. zm. on
foral fowls, of the
wild a0d domesti e, 1, 190,

Vasev, Mr., on the number of sacral
vertebra: in ordinary and humped
cattle, i. 835 on Hungarian cattle, i.
4.

Vavcuse, sterility of Ranunculus
Jiearia and Acorus calamus, ii. 154.
VEGETABLES, cultivated, reversion in,
7; European, culture of, in India,

. 152, 153,
Verri, Mr., on breeds of horses, i.
51,
Verbascum, intercrossing of species of, i.
, ii. 71, 83-83 ; reversion in hy- |
bride of, . 425; seifatarlty o

ram, .
phanicoum, i
ble duration o, i, 205,
Verbascun thapsus, i. & 118
VERBENAS, origin 3885 white,
liability of, to mi a..,

ions of life o, il.

Venion, on the dark-laaved barberey,
385; inheritance of pecnl.urn.ms

or foliage in trees, i c-
tion of Kosa Mfm by bud r-n—

nou-intercrossing nf certain allied
y of Primular with

el . 258 offch of sofl on e
vArllg-(ed Strawl wherry, ii.
Felated varability in plasts, . 324,

126-128; in ducks, i. 297, 2083
number and variations of, in pigeons,
i. 174, 175; number and characters
of, in fowls, i. 279-281 ; variability
of number of, in the plg, 077,
VERTUCH. _Sec PUTSCHE
“VERUGAS,” ii. 266.
Viseoois, early culti
9.

in Brazil,

VIRERTS experiments on the entiv
tion of the vine from se
Viburnum opuls, ii. 169, 307.
Vicia_sativa, leaflot converted

of, . 192.
ViLwosiTy of plants, influenced by dry-
. 267.

VINoRIN, cultivation of the wild
carrot, §. 844, il 267; colours of
talips, i 412} nucertainty of in-
heritance in balsums and roses, i.

4e1; up-mmnnu with dwart varie-

ties of Saponaria caldbrica

nymta i. 463 3 reversion of ve

s, and blotehasy il 115 o8

aciability, X

Vinca minor stcility in, i, 154,

VINE, i, 552-854; parsley-leaved, re-
version of, i. 408; grat-hybrid pro-
duced by inosculation in the, i. 419 ;
disease of, influenced by colour of
grapes, il. 213, 214; influence of
climate, &c., on varieties of the, ii.
267; diminished extent of cultiva-
tion of the, ii. 298 acelimatisation
of the, in the West lnd 304,

Viola, spicies of, i.

lea e i isiied S

B i vt 1o 1 4
i g v
bones, {i. 284,377 ; on cellular pro-

flation, 11 85; " indapandence of

theclementsofthe boly, : on
the cell-theo co of
tumours,
brain, i

ii. 3653 of h
365, apocal afiniios of th. ecues
i 875; origin of polypoid excros:
cences and tumours, i, 877
Viret, on the selection of seed corn, i,
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VIRGINIAN,

INDEX.

WEBB.

398, 6. 187 of cattle and sheep, i.

Vmumn Islands, ponies of, i 50,
Visiox, hereditary peculiarities of, i.
¥ amphibious nmmnh.
2085 varieties of, ii. 2003 afl
o organs of mrrelnml with other

uliariti

Viis oinifera, . 852-554, 399,

Vierrtssterlity of speses of, in exp-
tvity

Voo, ‘asiotan of the date palm, 1L

wm, on the indications of stripes on
black kittens, i

Vouce, ditferences of, in fowls, i. 272;
‘peculiarities of, in ducks, i. 296; n-
heritance of peculiarities of, 1. 450.

VoLz, on the history of, the dog, . ¥
ancient, history of the fowl, 1. 258}
domestic ducks unknown to Aristotle,
i. 292; Indian cattle sent to Mace:
donia by Alexauder, i, 165 Tmeation

mules i ible,

history of the increase of mm,
231,

Voy B

on Verbascum phaiceum,

. 295.

Vooruria, G., his Keostalenotiire
cinths, i. 595, ii. 238
VROLIK, Prof,, on polydactylism, i.
457; influence of the shape of t
mother's pelvis on her child’s head,

i 336,

WaDE, drooping eyelids transmitted,

WADERS, bel

iour of, in confi ¢

WaLK» reversion in eattle,
WALLACE, & R,, on the multiple origin
of the ‘dog, i. 27; on a striped
Javanese horse, i. 61 on the condi-
tions of life of feral ‘aimals, i

artificial -lumu.u of the pluma
of birds, ii. 269; on_ polymorphic
ol e e ki

411; on the limits of change,

WaLLACE, Dr, on the sterility of
Bhliphias hdsahad  Ln sakom 11
141,

WALLACHIAY sheep, sexual pecul
ties in the horns of, i. 99.

wiation in, i. 407.

Warici, Dr., on Zhuja pendla. o
_plxjwmu,i 586,
LNUTS, 379, 380; thin-shelled,
Mtﬂckad tl>muh i 3795 ii. Zlb-
grafting of, ii. 247.

Wasi, B. D, ulx af ukx o lnsech, i
3715 on_gall is
Slaw cqunblc \nrlnhlhly. i

Watrhee, . L., on the history of the
og, i. 175 on the mzmmsmg of
the zebu and ordinary cattle, i. 87.

WaRING, Mr, on individual nnnlxl),
i, 145.

spontaneous produc-
tion of Cytisus alpino-laburnum, i.
4T6.

Warernouss, G. R, on the vistl
ng r

colouring riabils, i. 115.
WatERtoN, C. prodm:l.mn al tailless
565 ild ducks,

taming wi
2; on. zhe wildness nf half bred
20

ii. 140,
aaxEr, Mowrrz, oriental dogs, ii.

222,
WARLENDBORG, on the propagation of
pine plants by buds, runners, bulbs,
&, ii. 154,
- WA"LVERWAH'DIICHAH ” of Giirtner,
16

lm« cattle of, in the tenth

intermarriage, i. 436 ;
on the inbecitence of polydactylism,

i 4
Watkes, D., advantage of change of
soil to wheat, ii. 128,
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sh wild fruit-
trees, i. 329 ; on the non-variation of
weeds, . 3355 origin of the plum, i
JhS' varision in Pyrus malu
amena and trwalur,:
R e e Kl i
3 i frlit of Drabslestis when
cultivat 7; on generally
Shurimied Britsh plaats, ii. 275,
WATTLES, rudimentary, in some fowls,
ii. 306,
Warrs, Miss, on Sultan fowls, i. 240,
W, Joxa, interbreeding of sheep,
i 98,




WEBER.

INDEX.

WILLIANS.
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WebEs, effect of the shape of the
mother's pelvis on her child’s head,
ii. 336,

WrpDERBURY, Mr., correlation of

teeth and hair, ii. 319.
EEDS, supposed necessity for their
modification, mmmly with eulti-
vated plants, i. 335,

WEEPING varicties of trees,

WErIG habit of tross, clp\‘lcwm in-

WegviL, injury <o byt by,
in North Americn, i. 217,

ii. 218; natural selection in, il ;

297 ; ancient variety of, ii. 425.
Witrtny, Mrs, on the markings of
sillworms, £ 318 on the silk-math,

e reproduction of supernu-

merary digits after amputation, i.
459; time occupied n the blending
of crossed races, i

Wi, G, ‘vegetable diet ofdoga,

i

Wzm. i largelttr of pign . 0.
Wetr, JEXNER, on the japanned pea-
cock, i. 306; mare and quaggs, i.
435 wildness of mule siskins, ii. 20.
WEISMANY, Prof,, reversion from un-
natural condition:
it 262,
3 causes of variability, ii. 282.
w»uu ame. descended from Bos longi-

Whar Tniien,teral pigs of, i. 80; effect
of climate of, upon sheep, i. 102.

Weste ange ctod by, m

n the sheep, ii. 182

WESTPHALIA, nny.d young pigs in, i.

anmn, 3.0, on peloic fowers of
Cal

WeraRnsis, s
mutilations, i.
Waatey, Archbishop, on grafting
iy and late thoras1, 868
WHEAT, specific unity or diversity of,
%, 550, 354, 385 ; Hasorn . zss,

on inheritance of

prowsce or abienco of barbs |
ons i

imate on, i. 335 ; deteriora-
; crossing of varieties of,
8,

krulny of hybrids of, with gilops,
-dunug. .,r change of

T and white-spotted animals, lia

bility of, to disease, ii. 330, 331.

Wairs: flowers, most traly reproduced
by seed, i. 465.

Wicnura, MAX, on hybrid willows, ii.
25, 111, 255; analogy between the

pollen of old-cultivated plants and
b3 hybrids, ii. 256.

WickiNG, Mr., iakechance o lue pri-

mary characters of Columba livia i

ervs-bred pigeons, L. 3103 production
of a white head in almond tumblers,
il 183.

WicksTED, Mr., 00 cases of individual
sterility, i, 146,

WIEGMANY, spontaneous crossing
blue and white peas, i. 428; crossing
of varieties of ubhgv, i. 110; on
contabescence, i, 149.

Wi, Dr, sexual umm.y of plants
propagated by

Witexsss, Dr., efiect of p

WiLog, Sir W. R., occurrence of Bos
frontosus and longifrons in Irish cran-
oges, i. 85; attention paid to breeds
of animals by the ancient Irish, ii.

187.

Wik, Dr. B, on the brain of dogs,
18b sapumamsrary dighte I 457,

WILDMAX, on the dablis, ii.

WILDNES of the progeny o s
tame animal 20,

WiLkes, Capt., on the taming of pi-
geons among the Polynesians, ii. 144,

WILKINSON, J., on crossed cattle, i, 82.

WiLsiaxs, Mr., change of plumage in
a Hamburgh hen, i. 270,
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WILLIAME.

INDEX.

YOUATT.

Wistaas, Mr inersrossing of struw-

WiitiAuoN, lph,degennutmnefdags
in India, i. 39; on small In
i 65.

Witiraxsox, Rev. W, doubling of
one. coronaria by selection, .

184.
Wauows, weeping, . 9855 ravems - of
ed_weeping, i
brids of, ii. 255; galls uf i, 271

WiLLUGHEY, F., notice of spot pigeons,

643 on o fantail pigeor
a6 bias, Blgoons, : 216,
turbit, 4bid. ; on the
pigeons, i. 221; on the hook-billed
duck, i, 291,

WiLaio, M., onacretel white Turkey. |
cock, 1. B09; reversion of sheep i
colou, i, 3.

Wissox, B. 0, fertility of hybrids of
Stre i i e
mania, i

Wisos, Dr., prepotency of the Manx

ver the common cat, i

Witsox, JAMES, origin of dogs, . 1

Wirsox, Mr., on prepotency of (e

in_sheep, ii. 455 on the
breeding of bulls, ii. 180.

Wixas, proportionate length of, in dif-
ferent breeds of pigeons, i. 185, 186 5
of fowls, effects of disuse on, i. 284,
285 characters and variations of, in
ducks, i. 299-301; diminution of, in
birds of small .smd.,, 301,302,

WING-FEATHERS, number of,in pigeons,

i, 167 varisbiity of, in fowl, 1

n the

WOL, recent existence of, in Ireland, i.
163 barking of young, i. 27 ; hybrids

Tesem-
blane to dogy of the same regior, i
21,225 burrowing of, i

WoobsuRY, ¥ crmslng # the 34

gurian and o hiv

. 107; “variability of bm, i

Woopwak, 8. P, on Arctic Nllusc,

Woop, WiLLovausy, reversion from a

arb and carrier |

cross, ii. 155 on Mr. Bates' cattle, ii.

Woou: W. A, the young of the
Hitallyan sabits 110 persatant
of the coloured culyx i a crossed
polyanthus, i. 3

WouxNDs, healing 00 284,

Wriant, J., production of crippled
calves by shorthorned cattle, ii. 973
on selection in cattle, ii. 178 ; eﬂecl
of closo inter-breeing on pigs

101 detaiorstion of game-cocks by

dow interbreeding

RIGHT, S'rm_'rmu., on khe develop-

wmitle, aid o 8
sailiei malfarmation o ths bod 8l

‘ i. 933 on Virginian pigs, ii. 212;
browsing under water, ii. 994,

‘ XexorHoN, on the colours of hunting
| dogs, ii. 194,

XnuExes, Cardinal, mguxmm for the
| selection of rams,

“Yauv,” the name of the pigeon in
Persia, i.

Yaxs, domel(u:ntmn 941665 sleotion
of white-tailed, i
A%, development, o .uxlllry bulbs in

YaRRELL, Mr., deficiency of tecth in
hairless dogs, i. 36, i. 319; on ducks,
i. 294, i, 250; characters of do-
mestic goose, resembling those of
Anser albifrons, 3. 303 ; whiteness of
gmm

YW, fastigate,
Yo, Lrah, haedy in Now Tork,
299,

YW, weaping i. 385; propagation of,

vou, m.mnm of, in the eggs of
ducks, i.
Youarr, Mr., hmm-y of the dog,i. 17;
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Z0P¥-TAUBE.

arations of the pulss in breeds of
5 linbility to in
Wid., ii. 213; inheritance of
g“f‘h in dogs i 485 on the grey:
o 5, 43 on King Charles’
spaniels, i. as on_the setter, iid.;
on breeds of ho
in the number of
33; Inharitanon of dlseses
horse, i. 454, 455 introduction of
Eastern blood into English ho
197, 198; on white Welsh cattle
89, ii. 193; improvemeat of Britis
breeds of cattle, i. 96; rudiments of
horns in young hornless cattle, ii. 30,
3063 on crossed cattle, ii, 82, 9
on Bakewell’s long-horned cattle,
96 ; selection of qualities in cattle, ii.
180; degeneration of cattle by neg-
lect, ii. 225 on the skull in horn-
i. 526 3 disease of white
parts of cattle, ii. 3815 displacement
of long-horned by hon«hm'lwi cattle,
5 e

climate and pasture, i
Wallachian - sheey 96
sheep in the MP ogical Gardens,
100, ii. 296; occurrence of horns in
horless broeds of sheep, il.

the colour of sheep,
breeding sheep,

THE

| « zove-Tsum

rams in Germany, ii. 180; zm of
unconscious_selection on sheep, ii.
198; reversion of Leicester ‘shoep on
the Lammermuir Hill

-
sistency of character in H{oehien
animals in mountainous countries,
ii. 39 on interbreeding, il 95; on
the power of selection, i, 178, 179
lluwnux of pmduclum of breeds, ii.
230 the Bible relating
o the reoding of antsaale, i

YoUNG, J., on the Belgian it & 110,

Yo, Capt., on u Burmese hairy family,
i 53, 320.

Zauist, striped young pigs on the i

ZAIM character of the, ii

Zanco, 3. Gy introduction. of rablits
into Porto Santo by, i. 117.

Zea altissina, i. 340 mays, i.

Zewu, i, 821 domestication r zh-. i
865 fortile of, with Euro-

pean cattle, i. 82, ii. 88,
Zeiwa, hybrids of, with ke oo sad
mare, i. 16.
thes candida, i, 147.
Zinnia, cultivation of, ii. 249.
Zouwxxoer on Malayan penguin ducks,
i. 205,
Zooseon, di

n of, in Alga, ii. 72.
61.

END,
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ALBERT MEMORIAL. A Descriptive

nd Tllustrated Account

tions, Seulptured Groups, Statues, otalwork, &c. .
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Deseription of the Orest Bassioril, 2.
A8 Deses s Gl
1360, Reduction of D

3571 Hictory mad Doscipiion oW
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to.
MACTEAR 0N LACAILLE'S ARG OF MERIDIAN, 2 Vols, 206 each.
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TABLE requisite to be used with the NA.
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With Portrait and Llustrations, Medium
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forest and praii s o provinesof Parsos. iap and Hlustratioss.
. Cho

BIRCH (Sumn) A Hmtory of Ancient Pottery and Porcelain :
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Wit 2ap 44 Tnastrnions. Grown oo

BLACKSTONES COMMENTAR!ES ldxpted to t\)a PrelznG
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424 Tnprisonmnta of an Engltinan 12 1 Attempe o cireaats the
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‘Translated. from the German by Mus, A, Croves, Post &vo, Gs,
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CAMPBELL (Lol») Lord Ohmu)lon lm‘l Kaeperl of the
Great Seal of England. Fi Earliest Ti the Death of Lord

Chief Justices of England, From the Norman
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7 the Crotor in his works.  Post §70. 6o,

CHISHOLM (Mrs). Perils of the Polar Seas; Truo Stories of

very and Adventure, Ulustrations, PostSvo. 66,

cmm'rou (Anommmacos),  Toeical Remains, escatmiags and
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CLODE (C M ) Mlllury Forees of the Crown ; their Administra.
2 Vols., 8vo. 21s. each.

Administration of Justice under Military and Martial
Law, 23 spplicable o the Army, Navy, Marine, aud Ausiliary Foroes.
6vo, 1is.

COLERIDGE'S (Saxvxx Tayror) Table-Talk. Portrait. 12mo. 3s.6d.
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QUMMING (i, Goxoow), Wive Years of a Hunters Life in the
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n " With Map and Illustrations. Svo. 1Ss.
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tration uto Equatoriel Aftcn. Liusseatons.

DUFFERIN (Low). Letiers from High lnutudu s Yocht
o Teeaid, Jan Mayen, and Spiabergen.

numu i, History of the Roval Artillery. Com-
piled from the Original Records, With Portraits, 2 Vols. Svo. 805,
English in Spain; or, The Story of the War of Sue-

cession, 1840, "Compiled from the Reports of the British
Comaamiontrs Witk Tiossoatbn

EASTLAKE (S Craus) Contributions to the Literature of
the Fine i he Ao, o e o b
BJ LADY EASTLAKE.

lmwnns (w H). Voyags up the River Amason, iaclading »
Fostévo. 2.

8vo.
Emm MDNTHS AT ROME, during the Vatican Gounell, with
ly Account of tho Priceedings. By Poxroxio Lito,
T s oa Origtaat O e
ELDON'B (Lon) Pnhhc md Prmu Life, with Selections from
bis Correspondence and okacw Twiss, Portrait.

Lie

ELOIN. ¥ (Low). Letters and Jourmals, Edited by Tusooors
‘With Preface by Dean Stacley. &vo.
xnusmnm (Low). Two Sioges of me by the Turks,

e G

BLLS' (W). Mndxgum Revisted, Semng forth the Perse-
Heroio Sufrings o the Native Christiass.  Llustrations,

—_— nem!n By Hu Sor. With hx- Chmur and
Worl Riv. Hrm D,

e (Rmnm T md B ;menu of Cnhnllnl lcmo, 5s.
ELPHINBTONE (Hox, Mouxtsruarr). History of India—the
2nd Mabomedun Periods. ~Edited by Froresson Cowni.

e 3
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BLPHINSTONE (. W) Tatters for Tuning; Comprising
and ot .
Riental Chack: Wit 0 Liuairaonss Bt ater o * *%7
BLTON (r:m) wd H. B, COTTERILL. Advmnnl an
Dissoveriss Among the Lakes and Moustaias of Sastern: and
DR Wik Sag and Ihastcaions Bre.
ENGLAND. Seo Casscors, Croxa, Huxs, Mancuss, Suren,
and STA>
ESSATS € u\ CATHEDRALS With sn Introduction. By

(1( ARL) Lx{a o( Lord Byron. Witha Critical Es: ‘i
3, Teamitc e Geren, Witk Portrt v,

Piace in Literature. T Portait, Svo. 165,
(Jauzs). History of in all Countries

hwm the . With 1,600 Illustrations. 4 Vols, Medium 8vo,
. & 11. Ancient and Medimval. 63a.

ol T Tndian & Eater. 430 VoL 1V Modern. S1s. 6d.
Rude Stone Monuments in all Counties; their Age
and Uses. Wld.\ 230 Hlustratior ledium 8vo. 24s.
Holy Sepulebre it Tp’o at Jerusalem.
Woodeuts.  8vo.
Templu of the Jews and other buildings in
the Huram Area at o, With Tlustrations.
FLEMING (Pxo Student’s Munualof: llan.l Plnlowphy.
With Quotatoos s Belornces. Post Svo.
FLOWER GARDEN. By Rev. Tros. Jaxss, an. 8vo. 1a
FORBES (Curr. C. J. T 8) Dritih Burma and its People;
sketehes of Native Manners, Customs, and Religion. Cr. 8vo. 10s. 64,
FORD (Ricnv). Gatherings from Spain. Post 8vo. 3s. 6d.
FORSYMI (Wissrax), Tortensius; en Historical Eesay on tho
Office aud Duties of an Advoeate. III!qulxlnnn. 8vo,

Novels and No'eluh of the 18th Catary,
Tilustration of the Manners and Morals of the Age, Postvo. 104, 64,
FORTUNE (Rosxxz). Narrative of Two Visits to the Tea Countries
of Chin, 184362, Woodeus. 2 Vols. Post 8vo. 185,
TORSTER (Tons). The Early Life of Jonathan Swifl. 1667-1711.
‘With Portrait. Svo.
FOSS (Evwasn). Blngnphu Jurdics, or Biographieal Dictonary
of tho Judges of Engiand, 0 the Present
1066-1870.  Medium 8vo. !h.
FRANCE (Historr ox). See Manxuax—Surmn—Students’.
FRENCH IN ALGIERS; ‘The Sodier of the Forsign Legion—
the of AbdelKad,
. Small 8vo. 2. 6d.
‘Eastern Africa s a field for Missionary Lsbour. With
Map. Crown So. b0,
Bengal Famine, How it will bo Metand How to
Prevent Future Famines in India. With Maps, Crown 8vo, bs,
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GALTON of Travel; o, Hints on the Shifts and Con-
trivances lvA||lhI! in W\IdC \m WMdl’ﬂH. Post 8vo. 7s.6d.
GEOGRAPHY. Se Croxxn—Su: DENTS.
GEOGRA PHIGAL SOCIETYS JOURN ALy (Pullished Yearly)
GEORGE (Enxrsr). The Mosel ;o Seriesof Tty Eichiogs, vith
Descriptive Letierpress. lmpam 120,
‘Potre and. Boath ‘of Franca;. & Serise of Twenty
Euinen witk Dasripdve Tost. Fot i
GERMANY (Husrony os). See Mankiisx.
GIBBON (Epwasp). History of the Decline and Fall of the
Toman Bpire. Tilited by Miouas, Gurzor, and Dr. Wa. S,
Maps. 8 Vols, Svo,
The Students Edition; an Epitome of the above
Yok fncorporating the Researches of Recent Commentators. By De.
Wi, Sur ot Bvo. 7. 6d,
GIFFARD (Bowann). Deosds of Noval Daring; or, Aucodotes of
the British Navy. Feup.
GILL (Mzs). Six Months in Giacali i Unscientifo Ao-
count of a Seientific Expedition. Map. Crown §vo.
GLADSTONE (W. E). Rome and the Newest i
Religlon, Three Tracts. Svo. 7s. 64,
Eeeays, 1. Personal and Literary. 11 Boclesi-
et and Thwlogel. L1, Lorpean and isiortcal, Smll s
GLEIG (G, R). Lampalgnl of the British Army at Washington
ns.Postvo. 21,
2 Glors of the Battie of Waterloo, Post 8va. 3. 6d.
———— Narrative of Sale’s Brigade in Afighanisten. Post 8vo. 25,
——— Life of Lord Clive, Post 8vo. 3s. 6d.
————— Sir Thomas Munro. Post 8vo. 3s. 6.
GLYNNE (Sin Srapunx ). Notes on the Churches of Kent.
 W. 1L, Gladstone, DL Illustrations, 8vo.
GOLDSMITH'S (Ourvia) Worka Ediod with Notes by Perma
Coxsmvomox. Vignettes. 4 Vols. 500,
GORDON (Stx A1rx.). Sketches o( "German Life, and Scenes
from the Warof Liberation.  Post 8o, 51, 6d.
— ™ Do) AmberWitch: A Telal. for Witche
ot Post évo, 2a.
French in Algiers. 1. The Soldier of the Forsiga
Legion. 2. The Prisoners of Abd-e
GRAMMARS, Son Custos ; Haue s Kivo Eowsho: Marraus
a0,

AEszNER; Sren,
GREECE (Hrstory o). See Grore—Surrn—Students’s
GROTE'S (Grorer) WORKS :—
History or Grepcs. From the Farliest Times to the close
of the generation contemporary with the death of Alexander the Great.
Fdition, 1205,

ait 5 . each.

Prato, and other Companions of Soerates. 8 Vols. 8vo. 45s.

Movon Wonks,  With Critical Remarks. By Aurx. Bars.
Portrait, Svo,

Luvrans o Swittamarn m 1847, 6e.

Prasovar Livr. Compiled from Family Ducumentl, Original
ters, &c. By Mrs. Grors, Portralt, 8vo.
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HALL'S (T. D.) School Mlllul‘ of English Grammar. With
Copious Exercises, 12mo,

Primary English Gnmmu for Elomentary Schools.

on the above work.

Child’s First Latin Book !nelndlng a Systematic Treat-
pentof the New Proouneiuion ud  ful Prust of Noues, Adje-
‘ives, and Pronouns, 19m:
HALLAMS (Hexay) WORKS i—
Tuz Coxerizoriosas Tistort or Boiaxn, from the Accos-
slon of Henry the Sevonth to the Death of Georg the Second.
Eition,3 Vols. Post 6vo. 125,

Stm‘lontl Edition of the lbove work.  Edited by Wa.
Swirn, DOL. Post8vo. Ts.

Hismove or Bonors puso mus Mivpus Aoss, Lirary
. 8 Vols. Bvo, 30s. Cabinet Edition 3 Vols. Post6vo. 121

Slndentl Edition of the above work, Edited by Wi,
.C.L. Post8vo, 7. 64,

Lrerany Hisrory ov Evrorr pumrxe mme 151w, 1sm
197 Crxrunavs.  Library Edition. 3 Vols.8vo. 36s. Cabinet Edition,
4Vals. Post8ve, 161,

HALLAM'S (Artavs) Li
Portrait,” Feap. §vo.

ry Remains; in Verse and Prose.

HAMILTON (Grx. Ste . W.). History of the Grenadier Guards,
From Orginl Drcmenta b Rl Racods Was Ofs, Regiment
Records, &o. With Iustrations. 3 Vola.

HARTS ARMY LIST. (Published Quarterly and Annually)

HAY (Sim J. H. Drowsoxp). Western Barbary, its Wild Tribes
‘and Savage Auimals. Post Svo. 2.

HEAD'S (Stx Fraxcss) WORKS i—

Tue Rovan Excrsexn, Illustrations. 8vo,12s.

Lave or St Joux Buncorsz. Post 8vo. la.

Rarp JoURNEYS AcRoss THE PANPas, Post 8vo. 2.

Bosmuss ssox zus Baowsx or Nasssv. Dlustrations.  Post
70,64,

SToRERS AND Ponns, or, the London and North Western
Railway, Post 8y

HEBER'S (Busuos) Jourmals in Tndia, 2 Yols, Post Svo. 7a.
Poctical Works. Portrait. Feap. 8vo. 3s. 6.
. Hymns adapted to the Church Service. 16mo. 1s. 6d.
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FOREIGN HANDBOOKS.
HAND BOOK—TRAVELTAL‘K ‘English, French, German, and
5. 6d.
HOLLAND AND BELGIUM. Map and Plans,

Post6vo. 6.
NORTH GERMANY and THE RHINE—
The Blask Fores, the Haris, Thliagoewald, Saton Switzrisnd,
Rugon the Giant, Mountainy, Taunas, Gdeavald, Elass,
Map and Plags, Pos o,
SOUTH GERMANY,— o Vurtemburg, Bawari,
Selsbure he Ausisan'and Buvarian Al un
£33, 8 she D, o 1 o the Black Sen M. s o 10w
PAINTING. German, Flemish, "nd Dutch Sebools,
Tarratims. 3 Vol Po
(VES OF FARLY FLEMISH PAINTERS. By
CTE N i
SWITZERLAND, Alps of Savoy, and Pisdmont.
MistosBvkimeias
RANCE, Part 1. Normandy, Brittany, the French
e e iU BN S
o g Dart IL Ceatral France, Auvergne, the
Cevennes, Burgandy, an e, Provence, Nimes, Arles,
Marsllo, tho agm.m D e Frien N e
o
SEDITERRANEAN (JSLANDS—Malta, Corsica,
i, nd iy Mo, Fot i the Pres,
—————— ALGERIA AND TU‘UE Algiers, Constantine,
Oran, the Atlus Rangs. Map.
PARTS, and its Kavirons, Map. 16mo. 35,62
SPALN, Madrid, The Casiles, Tho Basquo Provinces,
Leon, The Asturias, Galicia, Estremadura, Andalusia, Xonds, Granada,
S, Vlensio Gt i, Aragon, Nevarte, The'Balenri Lands,

ps.
PORTUGAL, Lmul, Porto, Cintra, Mafra, &e.
12,

Map. Post Svo.
— NORTH ITALY Tarin, Milan, Cremona, the
n Lakes, Bergamo, Breseis, Verona, Mantun, Vicenza, v

iRy Ry mmnm, Figins, v.m.. m : Riv
Verln earmi oo, d o
CENTRAL TTALY, Fk\ren:e, e Tnmmy, The
Marches, Unbria, and lao Patrimony of Map. Post 8. 10s.
" ROME 4xp 100 Exvenons. Map. Fost ovor 100
SOUTH ITALY, Naples, Pompeii, Herculaneum,
and Vesuvius. Map. Post8vo. 10s
PAINTING. The Italisn Schools.  Tlustrations.
2 Vols._Post o,
SLIVES OF ITALYAN PAINTERS, riox Cocanvs
to Bassaxo. By Mrs. Jausaox. Portraits, Post S0,
NORWAY, Chistiania, Borgen, Teoadbjem. The
and Fjoris. Map. Post
SWEDEN, scnckhnlm Tpala, Gothienburg, tho
.,nmx.mn,.vm Post Svo. 6.

MARK, Sleuwl . Holstein, | Copenhagen, Jut-
land, Iu\md Mxp Pau g e
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HAND-BOOK—BUSSIA, Sr. Pmlnnu, Moscow, Porax, and
aps. Post an

GBEECI hx- lnllndx, Continental Greece,
thens, the Peloponnesus, the Isiands of the Jigean Sea, Albanis
Al S il S, S
TURKEY IN ASIA—Coxsrantixorss, the Bos.
P Prnete v P Ty ut R B
Euphrat lVlmy.lln\u- to mx-. o Maps. Post 8vo, 1bs.
EGYPT, including D!lﬂu‘lwmnl of the Course of
e g o A ST 0 5 S0
St s st it
o P B
HOLY LAND—Syaia, Parssrixe, Panhuuh of
Elnl.l !'Alnm, Syrian Deserts, Petrs, Damascus ;

_— lNDI — BouaY Axp Mavmas. Map. 2 Vo]
Post 8v0. 125, each, it

ENGLISH HAND-BOOKS.
HAND-BOOK—ENGLAND AND WALES. An Alphabetical
Tand Dok Condeve i One Volume fr 132 U of Toveton
Mt MODERN LONDON. Map. 16mo. 3.6,
——— o ENVIRONS OF LONDON within & cireuitof 20
miles. 3Vols. Crown
EASTERN ‘COUNTIES, Chelmaford, Harwich, Col.
, Gunbidee, Biy. Nornarit, Biry S Eands
x,.mn, oodbrise Falestony ‘Norwich, Yarmouts,
fomsr: . e ok Piama: st Boor e
CATHEDRALS ofOxford, Petrborongh, Norvi,
Eiy, and Lineola.  With 80 Hlustewtions. Grown
""KENT, Canterbury, Dover, Ramagate, Sheerness,
i S e 1."5'«. g
o SUSSEX, Brighton, Chichestr, Worthing, Hastogs,
Toren Aeandet, & Mo Pt
SURKEY A\'D HANTS Klllsllon, Croydon, Rei-
ildford, Dorking, chh"l Whlﬂh!lw. !ﬂnlbllll kml, New
For-ll,Farmnnum e R
BERKS, nucxﬂs AKD OXON, Windsor, Eton,
b lesbury, Uxbridge, be, Henley, the Cit b
Bt A, e, Iy Mot e u.,:
“""WILTS, DORSET, AND SOMERSET, s..b-bnry,
Chippeutiac, Wermouts, sa-mm. Wells, Bath, Bristol, Taunton,
&, Map.  Post Bvo,
EVON AND CORNWALL, Exeter, Tfscombe,
ikt Tigmm, ity o 3
o i, e P, e o, St By
* M CATHEDRALS of wxnehmer. Salihury, Txeter
Wells, Ch(eh-n-r Rochester, C: rbury, and St. Al
Tt Crowa ave. 3 B haan soparatony e
9".5'
, 4x0 WORCESTER
renostor, Chalenhaa. Bivond, Tewkssbursy, Lomineer ooy ot
Gt Chlmban i P R
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HAND-BOOK—CATHEDRALS of Britol, Glosster, Horsfrd,
tor,and Liohied. With 80 Hlustrations. Crown §vo

ORTH . Bangor, Carnarvon, nmmm,

‘Lianberis, Dolgelly, Cader 1drls, Conway, &. Map. Post

SOUTH WALES, Monmouﬂl, Iohmhﬂ', MtrL‘!yr,
oot Neath, Ponbroks, Carmacthes, Teaby, Swamse, The Wrs, ds.
pt

—_— CATHED RALS OF BANGOR. ST. ASAPH,
I-\-M!‘nnd st. ;.vuﬁ With Iilnstrations, Post 8vo.

MH‘ONSHIRE AND EDTLAND—
smpton, Pererborous tor, Daventry, Markot
mm.n x.mmq, Wnllln‘bamnlh, ';l‘llnplhn Tators, Uppiog-

— DERH\' NO'!'!‘S LE]CFSTEB, BTAHOED
‘Matlock, Bakewell, Chatsworth, The Peak, Buxton, Hardwick,
DeiAhorns Sttnll, Mandteld, Reord, Barton, Belver, llllmn

iverhampton, Lichfield, Walsall, Tamy

SHROPSHIRE, CHESHIRE AND LANCAS}IIRE
Shmowabury, Ludlow, Brlgort, avests, Chaser,
Btockport, Dirkenend, Warring
Bomiey, “clihere, ion, m.m..m. " Wigan,
onthport, B Siap, Fout Svo:
e ORI RE, Danesstor, Hall, Selby, Bcnrl-y,
Searborough, Whithy, Hi ake ruord,
Tilifas, Hudderstnd, Sheffeid. o
CATHEDRALS of York, Ripon, Dnrhl.m, Clrlule,
<, a0d Manchester. With 60 Tllustrations, 2 Vols. Crown Svo,

URHAM axp NORTHUMBERLAND, New-
castln. Darlington, Gateshead, Bishop Aucklnad, Stockton, Hartleponl
S, Sl e an et lrpoi, Ty oo
stream, Alnwick, o,

WEbTMORLAND AND CUMRERL:\VD—Lm-
caster, Furness Abbey, Ambleside, Kendal, Windarmere, Coniston,
Keawick, Grsmers, Uliwater,Caclse, Cockermouts, Fenith, Apbiens:

Biay. ve

* Pitrer

Tt 05 o4 T T, e e

SCOTLAND, Edinburgh, Melrore, Kolso, Glasgor,

“Ayr, Stirling, Arran, Oban, Tnverary, Lock

Y aob Katrioe cad Tesseachs, c.:.an..x... Ganl, Tavéraess,
hnecs,

v
IRELAND, 1 Dn\-hn, ‘Blfast, the Giants Cause-
ey, Donwgl, Galva, Westord, Cork, Limerick, Waterford. Kila.
et hlonguert, . Mg and e ot Ore.
HERODOTUS. | A New English 'Iemon. iied, with Notes
storical, ethnogray D and  geographic
u.. .m..,n s
nnscuu-s (Canousn) mm and Correspondercs. By
x Messcnr Portrais, Grown éve 135
HA’!‘HBRLEY (bow) The Conununy of Scripture, as Declared
Ty o o Evangelists and Aposties.

o oatBrer ‘b 04,
noann(:.u; A Month in Norway. Feap. 8vo. 2s.
HONEY BEE. By Rev. Troxs Jaxss. Fe-p 8v0. 1e.
HOOK (Daa). Chureh Dictionary. ~ vo. 1
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'BOI(E AND COLONIAL LIBRABY.

e et

Poblished at 22 an s

ASerhl orwm

of Readers, having

e, -H-Amu-. ot pvor
e T e

CLASS A.
HISTORY, BIOGRAPHY, AND HISTORIC TALES.

1. SIEGE OF GIBRALTAR. By
JOUN DRIXKWATER, 35,

2. THE AMBER-WITCH.
Laor Doy Gos

By

3, CROMWELL AND BUNYAN.
By Rossar Sovruer, .

4 LIFEor Sia FRANCIS DRAKE.

5. CAMPALONS AT wumo-
TON. By Rv. G. R, Gur

o THE FRENGH IN AL AwIZB!

T.THE PALLOF THE JESUTTS,

& LIvoNIA TALES. 1.

LIFE OF CONDE. By Loso Ma-

wox. 30, 6d.

10. SALE'S BRIGADE. By Rev,
G.R.Guuia. 2.

1L THE SIEGES OF VIENNA.
By LokD ELLRSKRE. 2.

12. THE WAYSIDE, CROSS. By
Carr. Mivxax. %s.

15, SKETCHES o GERMAN LIFE.

ia A. Gokvo.

" -rnz BATTLE o 'Ammo

16, AUTOBIOGRABILY OF STEE-
FENS. 2.

16. THE BRITISH POETS, By
THONAS CAXPIRLL. 31, 84,

17. HISTORICAL ESSAYS. By
Lowp Manox. 86. 64

18. LIFE OF LORD CLIVE. By
Rev. G. R. Gueio. 3. 64.

19, NORTH - WESTERN _ RAIL-
WAY. By SiF.B.Huav. 2.

20, LIFE OF MUNRO. By Ruv. G.
R. Gurio, 84,64,

CLASS B.

VOYAGES, TRAVELS,
1. BIBLE IN SPAIN. By Gronox

(s avrﬂuw :mm. By Gronox

ovmu u ININDIA, By
op 1

s TAvELS e e nom mnm
By Lusy and M.
+ & MoROCCO D -mz lmon.
% l.ml'.ll RO ras BALTIC.
[ ulu(w wu—ra’.wu.n By Mas,
8. THE WEST INDIES. By .G,
0. su—rcnr.s OF PERSIA By
1. numm OF FATUER RIFA,

naik IYPEE AND 0MOO. By
s Mucviiee, 2 Vols. 7o,

10, MISSIONARY LIPE IN CAN-
ADA. By Rev.J. Awsorr,

AND ADVENTURES.
16, LETTERS FROM MADRAS. By
aLavv. 2.
16. HIGHLAND  SPORTS By
onx. 34. 64,
v, aMAE JOUINBYI. By st
P.B. Heav, %,

18 GATHERINGS FROM SPAIN.
By Ricuaxo Foun. 8. 64,
19. THE RIVER AMAZON. By

W. H. Eowaxce. .
2. MANNERS & CUSTOMS OF
INDIA. By Rav.C. Actaxp. 22,
21 ADVENTURES IN MEXICO.
By G. F. Ruxtox. s, 64,
2. PORTUGAL AND GALICTA.
By Lok CARNARYO. . 6d.
. BUSH LIPE IN AUSTRALIA.
n.ﬂm LIBYAN n—u-r :,
£ nsm Taoks. ly A Laox,

** Each work may be had soparately,
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HOOK'S (Tuxovors) Life. ByJ.G.Lockmarr. Feap. 8vo. 1ls.
HOPE, (A, 3. Besasrors) Wardhip in_ the Church of England.
S0, 90, or, Popular Selictions from.
HORACE; a New Edition of the 'l‘oxl. Kd.lt«lby Dxaw Miuxax,
With 100 Woodeuts. Crownvo. 1. 6.
Life of. By Dmax Miuxaw. Illustrations, 8vo. 92

HOUGHTON'S (Lolng ]lono!nphn, Personal and Social. With
Fortraits.

Porrican Wol:s Collected Edition. With Por-
tralt, 2 Vols, Feap. 8vo.

HUME (The Student’s). A thry of Eng‘lmd frmn ﬂn !nn-
slonof Julins Casar to the Revalution of 1
e o 658,  Woodents.

HUTCHINSON (Grx.) Dog Bmklng, w\lh 0dds and Ends for
those who Ieve the Dog and the Gun With 40 Ilustraions. &k

HUTTON (H m Principia Griea; an Introduetion to the Study
of Greek. Comprebeniing Gramigr, Deectv, and Baarcis ok,
‘Vocabularies. MZMEMM 12mo, 8. 6d.
IRBY Am) MANGLES Travels in Tgypt, Nubia, Syrs, and
the Holy Land, Post 8vo.
JAMES' (Rev. Troxas) nm;. of Heop. ANew Translation, with
Historial reaea. Witk 100 Weedeita by Twvsis and Wotr,
t8vo. 2. 6.

JAMESON (Mgs). Lives of the Early Italian Painters—
and, tho Prograss of Painting in Italy—Cimabue to Bussano. With

JENN]NGB (Lovis J.). Fied Pahs and Green Lancs in Surrey

and Sassex. Tustrations.  Post 6vo, 105,

JERVIS (Rsv. W. H). The Gallican Dlmxch, from_the Con-
cordat of Bologu, 1516, o tho evolution. With an Tntroduction,
Fortrais, 2 Vois. Svo.” 2.

JESSE (Evwans). Gleaningsin Natural History. Fep.8vo. 8s. 64

JEX-BLAKE (Rev. T. W.). Life ln l'nith: Sermons Preached
‘at Cheltenham and Rugby. Fee

JOHNS (Rev. B. G.). Blind People; e and Ways. With
Sketches of the L(v-nl ‘some llmn\u Blind Men. With Illustrations.

Post 8vo. 7s. 6d.
JOHHSDN‘S (Dl. Sulm) L\ll! By hmel Boswell. Including
the Hebrides, Edlted by moxxs, "1 vol. Royal
e, T e i Bortts: LVl vor Lim Prsparation

— 'Ihves ..1 m most eminent Englieh Poets, vith
Critieal Observations an thelr Works. Edited with Notes, Correcti
e ety iy e aran Cummmia 02 . "Ove: Sav 6L

JUNIUS Haswareira Professionally investigated. By Mr. Cutpor,

Expert. With Preface and Colluteral Evidence, by the Hon, Epwans
TwisLeroN, Witk Facsimiles, Woodcuts, &n. 4to, £38s.
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KEN'S (Busmor) Life. By a Lavuax. Portrait. 2 Vols. 8vo. 185,
KERR (Romsst). Small Country House. A Brief Practical
Discourse on lhl Phnnln' n{‘ l!(dlnu f!vll IXJDI to 000I,
With Supplement
Ancient u;m- ;o Bm i Amhum, Surveyors,
wyers, and Landlords, 8o,
(& Masons) R Systemaile
ridgmentof the entire Commentaies, adeptad o the preseat
XING EDWARD Viaw's I Grammar. 12mo, 35, od.
——————— First latin Book. 12mo. 2s.6d.
KING & Archmlngy,'l‘nvel snd Art; being Sketches and

KIRK (J Fom). B‘ulory nf Cim'lu '.ha Bold, Duke of Bur-
Portrai 45,

it. 8 Vols. Svo.

KIRKES' Handbook of Phystelogy. Edited by W. Monexe

Baxem, F.R.C.S. With 400 Illustrations. Post Svo, 1
KUGLERS Handbook: of Painting —Tho Talian il -
oed i Remodled fom the most seent Rseachus. Dy Lo

ks, With 140 insiations 3 Vete: Crown Svo

Handbook of Painting —The Gernan, Fiemish, and
Dutch Schools. Revised_and ia par 7 J. A. Ciows.

Withoo lasrations. 3 Vols. ‘Coown bvar e

LANE (& W), Account of the Manners and Castoms of Modern
‘With Ilustrations, 2 Vols. Fost Svo, 12

uwnzncn (St Gzo). Reminiscences of Forty.three Years

o I il g Copivbis i, ol i (o A

Ao wonong fie Sk by arrative of the Mutiny in Rajj
Crown Svo. 104,64

LAYARD (A, H). Numvah and its Remains. Being a Nar-
Tative of Discoveries ami of

R Porvnan Enimos of the above work.. With Tustradons.
Postvo. 7. 6.
Nineveh and Babylon ; being the Narrative of Dis-
Soverls In the Tuins, with Travels in Armenis, Kurlstan and. the
Desert, during o Second Expedition o Assyria,  With Mep and
s Foruron Eorrios of the abave woek,, With Tistrations
Post 8vo. 7. 6d.
LEATHES' (Sranisy) Practical Hebrew Grammar. With the
Hebrow Toxt of Genesls bvly and Palms 1~ Grammatieal
and Vocabulary, Fostgvo. 7s. 6d.
LENFEP (Rev. H. J. Vax). Missionary Travels in Asia Mlnor.
i m.mnuu‘...v of Biblical Hstory and Archeology.  With M

Cn-hmu lnd Hnnnen of Blble Lands in
!llnl'.rallnn nr smpnm With Coloured Maps and 300 Iilustrations.

mlﬂ (C. R.) Hlntlbank for Young Painters, With INustra-

Li{n |nd Wnrks o! Bn' Jolhul Reynolds. Portraits
Tllustrations. 2 Vols.

o1
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LETO (Pouroxto). Tight Months at Rome during the Vatican
el Wik iy ascoun of iho prvcediag. Trauulaed from
Geuriinal. Bro.” 15
LETTERS Frox THE Buﬂc. By a Laor. Post8vo. 2s.
e 00 Bya Lavy. Post 8vo. 2s.

———— Suenma Luoxs. By a Luov. Post 8vo.
LEVI (Luoxs). Hmory 3’ Brifish Commercs ; and_ of the
ress of the Nation, from 1763 0 1670, 8vo. 16s.
LEX S:\LICA the ’l‘en Emgnded Texts with the Glosses.
Elind (e Totepraation of the Glowee) by D . K, of Laydeny
o Texis, orly colaed, with Glossary, ateoductio, &, by

P

LIDDELL (Dnl) Student’s History of Rome, from the earliest
Times to the establishment of the Empire, Woolcuts. Post 8vo, 7s. 6d.

LISPINGS from LOW LATITUDES; or, the Journal of the Hon.

o-

LIVINGSTONE (Dr). Popular Account of his First Expedman

0 Aficy 164039, Tiustrtions. . 70, 6.
S:coml Expedman to Aftica, 1858-64. Iliustra-

Post svo.

= L:sh Jmmmln in Central Africa, from 1865 to
el by u Narrative of s st momens and sufeings.

Aiug, Maps and Iustrations, 2 Vols, Svo, 35,

Journal of Adventures in Exploriog Lake

Nyus

ed by Rev. aLLER, . 75, 6d.

LIVONIAN. TATAS. By the Author of “ Letters from the

Taltie” _Post 8vo.

LLOYD (W, Warxiss). Elabury of Sicily ¢ the Athenian War ;

with iations of the Sicilian Odes of Pindar. With Map. 8vo. 14s.

LOCH (H. &\ Personal Narrative of Evenu rllmng Lnrd

Ejgin's Second Embassy to China.  With Tllus
LOCKHAKT (.Y G.). Ancient Spanish

"Trazalted, with Notes.  With Por

iy Wdn Feap. 8vo. 1s.
Lounox (!!ns.) Gerdoning for Ladies.  With Directions and
of Operations for Evary Mouth. Woodcuts, Feap. 6. s 6
LYBUL (su Cnnnln) Principles of Geology; or, the Mode L
Chnge of the Eaeh and s Inhabiants consdered s lusrative of
agy Wh.h Tilustrations 52,
Students Elementa of Geology,  With Table of British
Fossls and 600 Iliustrations. Third Edition, Revised. Post
Geologieal Evidences of the Antiquity e
ncluding an Ouline of Glactal Post-Teriacy Gealogy, and Remarks
2 the Oiigin of Species. Hustrati
M, ,phical Handbook o Ferus, With Tables
to show their Distribution, Post Svo. Ts.
LYTTON (Loxn). A Memoir of Julian Fane, With Portrait. Post
os,

&

MECLI‘\’IOCK (S L). Narrative of the Discovery of the
Fato of Sie Joho Franila nd_ bls Companions in the Arctie Sess.

‘MACDOUGALL (Cow). Modem erhle as Influenced by Modern
Artillery, With Plans, Post 8vo, 12s.

© The Complete Work of Charles Darwin Online



PUBLISHED BY MR. MURRAY. 2L

MACBBE.uon (J.). Rob Roy on the Jordan, Nile, Red Sea, Gen-
. A Canon Crulse in Palesing and Egypt and the Waters
of Damaseus:  With Sap ani 70 Liustraions: Cronn Sve, To. o
MAETZNER'S Excuisn (}um‘n A Heﬂhodlul. Analytical,
and Historical Treatise Orthography, Prosody, Tofections, snd
‘o Engli Translated from the
svo. 36,

8
ik d. Guscr, LD, 3Vols.
MAHON (Loy), see Staxiors.
MAINE (S I, Svueny). - Ancient Law : it Connection with the
of Socloty, and fts Relation to Modern Ideas.
B ilngo Gommunstion n the East and Westo— Svor 125
Early History of Institutions. 8vo. 12s.

MALCOLM (Sta Jomx) tehes of Persia. Post 8vo. 3. 6.
MANSEL (Deax). Limits of Religious Thought Examined.
Post8vo. 8s, 6d. 0
———— Tetters, Lectures, and Papers, including the Phrontis-

{grion, o Oxfod i the X1 entary, - Eted by 1. W. Criaxpies,

Gnostic Heresies of the First and Second Centuries,
ith o sketch of his Iife and chamcor. By Lord Camxanvos,
Edited by Canon Ligurroor. 0. 6d.
MANUAL OF BCI!N’PIFIC ENQUIRY. For the Use of
Travellers, Edited by Rev. It Mais. PostSvo, 3. 64, (Pudlshed by

Lords of the Admirdlty
MARCO POLO. The Book of Ser Marco Polo, the Venetian,
oncarning the Kingaoms wnd Marvaly of the East A now Eoglists

Sereton: lusrates oy the Jghe of Orsent hviters s
Truvels! By Cor. Hasax Yous, Maps aud Hlusteations.
IKARKHAM (CL!)IRFH R.). The Introduction of Bark Culture

 the

Britsh Domiaions, eontaining s narrativ of Journers ia Poru
.-a Jodia, and some seecent of be Chincons. Plantarious alieady
. 8vo.

(Ofas) History of Eaghad, From tho Fiest e
ston by th Romans t 1667, Woodeuts.
i aaitory of France. me ‘i Cnuqnut by the
Gauls 101561, Woolents. 12mo.
History of Germany. o ks T e by Marius
01507,

“Woodeu
HARLBOROUGHS (Euul, Dncnm or) Letters. Now first
unished fom the Original M3, at Madrestild Court,  With au

tion,
HAREYA’I‘ (.Yourl) Bm,uy n{ l[orlem And Medlevl.l PoMAty
o

Plates
rootamin o, ¢
MARSH (G, P, Siudents Manaal of the English Language.
Bdted with Additions. By Ds. Wat Sur. Post $vo.  7s. 4.
MASTERS in English Theo]ogy. The King's College Lgclm'-,
1877, Hooxxn, by Canon Barry: Axpuews, by the Dean of S

'-"
H

s 5 by i,
Sxran, by Canon, Westeott} Jrkmais Tavion, by Canon
Eeison by oot Cleehan. Witk Inttocton by Canon Burty,

8vo. 7
MATTHIES Grepx Gnln(u. Abndged by Buourrzip,
evised by E. 8. Crooxe.  12mo,
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MAUREL'S Character, Actions, and Writings of Wellington.
Feap.8vo. 1s.6d.
MAYO (Lows). Sport in Abyseaia; or, the Mareh and Tack-

EIADE (Hol Hln-m}. mda ﬁmmgh t.hn thr'hed Dutrku of
‘Now Zealand, with s Crujso among the
trations. Medium Sve

MELYILLE (Hnun) A ome =l B
2 Vols. Postbvo.
MEREDITH (s, Cnn.-), Notes and Sketches of New South
MICHARL & “ANGELO, Sculphr‘ Painter, and Architect. His Life
and Works. By C.Heatw Witsox. Illustrations, Royal Svo. 26s.
MIDDLETON (Cmas. H) A D

Eihed Work of Bembrunds, v
mnnry Cat Medium &
MILLINGTON @ S).
Tham, o the Ton Pies
Woodcuts. Lost 6vo.

MIL)(AN‘S (Dzax) WORKS :—
History o¥ Ta JEWs, Imm the carliest Period down to Modern

and Wonders in the Llnd. uf
s:;m, with Ancient and Modera Il

8Vols. Post8vo.
Earuy Cnnxrrunﬁ, Irnm '.he Birth of Christ to the Aboli-
tion of Paganism in the Roman Empire. 8 Vols. Post8vo. 1,

Pt G ieee including that of the Popes to. the
Pontificate of Nickolas V.

Axxazs ov Sr. Pavr's cumm, e sk Raastad o' the.
faneral of Welliogton. - Liuatrations.” 8vo.

Ciaracrn axp Cospver op mis Arostizs considered as an
“Evidenca of Christianity. 6vo. 106, 64.

Quosms Honam Pracor Orsas. - With 100 Woodeuts, - Small
svo.

Lun or le!n'x Homarivs Fraccus. With Illustrations.
%.

PP O
MILMAN (Carr. E. A) Wayside Cross. Post 8vo. 2s.
MIVART (8. Grons).  Lessons from Nature; as manifsted in
ind and Matter, 8vo. 1.
MOORE was). Lifo and Lekters of Lord Byson.  Cubine
Bk e

Pataw, 6 Vol Fap Edition,
with Portraits, Royal 8o,

MORESBY (Carr.), R.N. Ducwmu in New Guinea, Polynnh,

“Torres Straits, &c., during the cruise of HALS, Basilisk, Map and
ilusteations, 8vo. 15s.

MOTLEY (J. L.). History of the Unlhll N-Mnnll from dn
“Deathof Wiliam the Siiento the

A Llfe md Death of John of Barneveld,
Advocate
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MOSSMAN (Saxom). New Japaa; the Land of tho Rising Sun ;

its Aunals and Progress during the past Twenty Yoars, recording the
pemakablo P ngm- Of tha Japansss in Westein Civillsacion. With
ap. Sv

MOZLEY (Caxox). Treatise on the Augustinian doctrine of
‘Prodestination. Grown 8vo.
Primitive Dootrineaf Baptismal Regeneration. S, . 8vo.

9.

MUIRHEAD (Jas.). The Vaux-de-Vire of Maistre Jean Le Houx,
Adwocateot Vice, Translated and Edited, With Porizait sod ilus:
rations.

MUNRO'S (Gnnu) “Lifo sad Letters, By Bsv. 6. K. Guare.

uu‘nomsoN (Sm Rovmsion).  Silasia ; or, & History of the
‘Oldest rocks containing Oreanic Remains, Map and Plates. ~ 8vo. 18,
Memoirs. With Netices of his Contemporaries,

0 R and Progressof Paluozao Galogy. By Ascutsaro Guixis.

MURRAY'S RAILWAY RI ADING. Containing
Nrnonon rum Cussx, Houwars Nowner.
be e

T,
KaSucren Abokrn
Pannia lliaza on

ERS' (Carr) anzonmnl, a Yew's Wanderings over
Untrodden Ground from of Magellan o the. Rio Negro,
Tilusteations. e
NAPIER (S Wic).  Englih Battls and Sieges of the Peninsular
Portrait. Postsvo. Se.
NAPOURORE g Roraurmmbemtn st Bom s aeiist ok
Qornrrses and Notes of Conversatons. By S Nut, Guaromz,

NARES (St Gronos), R.N. Offiial oport to tn Lhe “Admiralty of
‘the rocent Aretio Expedition. Map.
NASMYTH axp c.\upzwm The Moan. " Considered as a
orl rawing

D s pltief Pomeetl Tasemsopes W
NAUTICAL ALMANAC (Tms). (By Auflority) 2s. 6ds .
NAVY LIST. (Monthly and Quarterly,) Post 8vo.

NEW TESTAMENT Wik Short, Explanatory Commentary.
ron ey Towne 1A,
T e e o s Vots. Grows o
NEWTH (Saxvss). First Book of Natural Philosophy ; an owe
duetin o tho Sty of Saties, Dynamics, Hydrosicioy, Ligi, leat
d, with Tumerous Bvo.
Tementa of Meshanios, inoluding Liydrostatics,
with numerons Examples . 8.6,
thematical Examples. A Graduated Series
of Elo Examyles in Avitumete, Algebe, Logacihms, Trgo-
Tomatry, and Mechanics
NICHOLS' (J. G.) Pi o Wala and Cauterby
By B ’l‘rlml . with Notes. With [llusteations. Post Svo
" "(Sn'G.) History of the English Poor Laws. 2 Vols,
o
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NICOLAS (S Hamws) Historic Peerago of Englund. Exhi-
Titing the Origin, Descent, and Present State of every Title of Peer.
l!e whlehchu exlmd slll this Cnlmlry sineg the Conquest, 'y
LA Countior.  6v0.
NIMROD On_ the Chace—Turf—and Road. th Portrait and
Piates, CrownSvo. 1. Orwith Coloured Plates, 7a.

NORDHOFF (Cuss).  Communisic Soccies ‘et the Usited
ater ncluli Deuled Acconty of e Shakers, The Aus
arhell, Aurora, Teariun and orher existing: Societeas with

Partiiars o thélSelltons Crosdsy Tndustie st Fracnt Coudi

Siom. " With 40 Tluatrations. - 6vo.

NORTHCOTES (St Joux) otabook i the Long Parliament..
ontaining Proceedings during its First Session, 1640, Edited, with

& Memolts by A. H. A; Hamilen. Crown 6vo 35
OWEN (Livr.Cor.). Principles and Practioe of Modern Artillery,
Snclnding Artillery Material, Guonery. and Organisation and Use of
in Washare, - With Tilustrations.  Svo. - 1as.
OXENHAM (Rev. W.). English Notes for Latin Elegiacs ; designed
for ey Brottnts in e Aet of L Yoricaion, with Preaory
e of Compontion in Elegine Motre. 30,64,
mmmvu (8 H. 1. Local Taxation of Groat Britain and

Mot oh Bankiaps 1o ireat Briiaips el signs
Swtd;n. Denml‘rk, and Hamburg, with some Remarks on the amount
illsin eireniat vo.. .

PALLISER (ins).  Brittany and ite Byewogs,is Inhabltants,
aud Antlauitics,  With Tiuatrations.  Post Svo.
foea 1 Vauoi bty &2 Bilinghn selected for

“Gemaral Use aed Btody, Wit Hleateiions Gevem vor 1o
PARIS (Dx) Philotopby in Sporl made Scienco in Enmest
o, e Fis Prinees of Natisl Pzt nceated by aid f the
Toys and Sports of Youth,
PARKYNS' (Masaririn) Thrco Yeard' Reidencs in Abyasinia:
with Travels fn that Country. Wit Iusirations. Post bvor fa. 64,
PEEK l’RlZL ESSAYS. The Maintenance of tlAe Chnrch of
a0 e on Baabed Churc, By R Coangas o Tav.
BV Sson Dixon —and Revs Jussos Livrne ™
PEEL'S (818 Rosexr) Memoirs. 2 Vols. Pott Svo. 1;;!.
PENN (Ricuarp). Maxims and Hints for an Angler and Chess-

player. Woodeuts. Feap.Svo. 1r.
PEROY (Joms, MD). Metallurgy.  1st Division.— Font,
o ot Coke, - Fire-Clay on. With

Thectratio 0r
S Division.—~Copper, Zine,and Briss, New dition.
With ustrations. [
8rd Division.—Tron and Stecl.  New Enlxlwn. Wi
Tilustrations. UUn Preparation,
R Division—Lead, including part of Sitver.” With
Mustration
——— 5th Division.—Silver. With Hllustrations. [Neariy Ready.
6th Division.—Geld, Mercury, Platioum, i, Nickel,
ot Antmony, ismuth, Avsen,wid oter Metals, Wit Dlus”

[ Pv
PERRY (R, Oanox). Life of St. Hughof Avalon, Bishop of
Lincoln  Post
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PHILLIPS' (Joux) Memoirs of William Smith. 8vo. 7s. 6.
: Gnhg or Ym-hhlu 'l‘hu M and Limestone
Distriet. Plates. ato.

(Saxvxr) mnry&nylfmm"l‘hc’ﬂmu. With
rm{ :vm) Feap.8vo, 7a.
POPEE (A.uxunn) ‘Works. With Introductions and Notes,
v, Winzweis Buwrs, Vols, I, 1L, VI, VIL, VIIL With Por.
it B o o
PORTER (Rev. J. L.). Damascus, Palmyra, lntl kbmon With
Teavelsamong the Giant Cities of Bashan and Map and
oodeats. 2. 0.

We
PRAYERBOOK numnm), with_Borders, Initials, Vig-
nettes, &e. Edited, with Notes, by Rev. Tuos. Jauxs, Medium
8Bvo. 18s. cloth ; 3ls. 6d. calf ; 36e. morocco,
PRINCESS CHARLOTTE OF WALES. A Drief Memor.
i Sletons i i Corrmpopdece il oher snpubihed
Pl 'y Lapy Rose WeiGaLL, With Portrait, 8vo, Ss, 6d,
PRIVY CoUNClL JUDGMENTS in_Ecclesiastical Cases re-
to,Dotive aad Dicipline i Hisoic) Tntoductin,
o et g o e
PUSS IN BOOTS. With 12 Mlustrations. ByOHo SrmcxrEs,
10,64, Or coloared. 35 6d.
QUARTERLY REVIEW (Tax). 8vo. 6s.
RAE (Epwaxp). Country of the Moors. A Journey from Tripoli
in Barbary to the Holy City of Kairwan. Map and Etchings, Crown

v, 101, 6,
RAMBLES in the Syrian Deserts, Post 8vo. 10s. 6d.
(Homuas). Narrative of the British Misson o Abys-
gl With Nodces of the Contres T
irations. 2 Vole, Svo.
mwmxsou's (Cunx) Eirretng English Ver-
otes 3nd Essaya. Maps and Woodeat. 4 Vols. Svo, 48,
e Five Great Monarie of Chalea, Aseyria, Medi,
Babylonia, and Persia. With Maps and Illustrations. 3 V
(Stz Hesny) England and Russia in um Em s
eesof Fuperson ho Pl ad Geogrphical Oonltion of Cenral
Asta, Map.
REED (n 2 iy Slupl, their Qualities, Performances, and
odieh Chapters on Tarrt Ships, Tron-Cad Rams, &c. Wil

—_— !nl.lgn from Russia in 1875. 8vo. Bs.
REJECTED ADDRESSES (Tws). By Jaurs urn Honaon Surem.
oodcusa. Post 810, 3. 6. or Fopidar Eiidon, Fonp 8¥0. 1.
IKEMBRANDT, A Deseriptive Cnmlnbn of nu Etched Work ;
Lit fad i Cuse.
Wootests: Sotium svar bioaa”
BIYNOLDS (S Jollm) Life and ’hmel. By C. R. Lasus,
nd Tou Paxion, Porimis. 2V
mcumo‘s (Davin) Pol.n,ln.l Wurkm th l l{mhl of his
Life and Writings. By J.R.
RIPA (ruln) Thirteen Yurl n ',Iu Culu't o( Puklng. Post

o BA.
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ROBERTSON. (Cuxox).  History of the Christsn. Chuech, from
postolic Age mme Rn!nrmnmnn 1617. Library Edition. 4 Vols.
P Gadine Bition. o8t Bvo. 61, each,
xonmsorr N (Rar. D). B\bhul Rumchu Jn Palestine and the
158952, 3ol a2,
Phymc:.l(}engnpbyol theHolyLand. Post8ro, 105, 64.
) Alpine Flowers for English Gardens. Wi
zomu...,u.m Crowngvo. 12,
b-Tropical Garden. Tllustrations. Small 8vo.

ROBSON (5. R). Somoow Ascurmsorors, Beiag: Practieal Re-
ks o tio Planning. Dosigning, Bulding, and. Euraishing of

nh.oo! -houses. With 50 Illustratic

T Ry
BUXTON (Gso.F). Travelsin Mexico; ith Adventre, smong Wild
ibec and Anianalsof the Prairies and Rocky M uatains. Post 8v0, 306d.
saLms 5 6m xum) Brigade in Affghanintan. With an Acconnt of

@ Defonco of Jellslsbad. By Rxv. G, R. Grvia,  Bost 8vo

SOEPTICISM TN GEOLOGY ;s and. the Teasons for Tt An
sssembiag of facty rom, Nasire combiiag, (0 rfute tho thtory of

scov
Tieyns, With Mups strasions, Medium Svo.
SCOTT (s;- “Gipnaz).  Lectares on the Rise and Doveloymenb
Mediwval Architecture. Delivered at the Royal Academy,
i Vols, Modium Svo. 42s.

Architecture, Present and Future.

— " (Dzax) University Sermons. Post 8vo. 8s. 6d.
SCROPE (@. P, Geology and Bxtinet Valanocs of Contrsl
Trance, Tinstrations. Medium
SELBOENE (Lowo),  Notes on some Puugel in the Liturgical
History of the Reformed English Church. Svo,
SHADOWS OF A SICK ROON. With a " Prefuco by Conon
pox. 16mo. 2e. 6
SHAH OF PERSIA'S Diary during bis Tour Uhrough Eorope fn
169, Tramlted from the Qriginal. By J. W, Keonocss. Wit
trait and Goloured Tidle, Cro 135,
SMILES' (Siaron, LDy WORKS -
Brrnsn Excrsesss; from the Earliest Period to the death of
the Stophensons. With Hlustrations. 5 Vols, Crown 8vo. .64
Taen o A Seorom Naronamsr. Widh Portrait and Tilue-
trations, Crown 8vo. 10+, 62
Lan or Rowmmr Dicx. (Baxzn op Tuvaso), Grotogise axp
Boraxter.  With Portrait and Lilustrations. Crown &vo. 105
Hoom o i tat a0 ThSles G o 7 5
Szur-Hewe,  With Dlustrations of Conduet and Persever-
ance. Post 8vo. 6. Orin French,
Cranicrsn. A Sequel to Spur-Hue.” Post 8vo. 6.
Tamrr. A Book of Domestie Counsel. Post 8vo. 6n
Inpustrias Brocravy; or, Iron Workers and Tool Makers
Postfvo. e,
Bor's Voraos Rovxp mis Wonzp, Tlustrations. Post 8vo. 6s.
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SMITH'S (Dx. Wa). DICTIONARIES:— -
Dierrovary or e Bsie; its A.nﬁqulﬂe-, Biognphy,
Geography, aud Nataral History, Iilustrations.
Coueuz Bm.n Dicriosary. With 300 ]llul'.nl.im lhdmm

e Buu Diorovars,  With Illustrations, Post
8vo. e,

e Axtiqurries.  Comprising the History, Insti-
o spd Antitis o 1o Chsin Gy, ¥t i o,
Vol. L. 8la. 6d. (T be compl

A, i Sm.'n, Axp Docr
from the 'l'lmnanb.A ralo totae Age of Cscismgess. ok 1. ov4
30s 64 (To bs compiotod a3 vl = o

Gaxe. Ax> Bowen Awrireiss, With. 500, Dissteatlons,
Medium Svo, 3.

Gammx sxp Roxax Bioanaenr axp Meznosoor,  With 000
Iliustratioss, 3 Vols. Medium Svo.

Gasni a3 Roxax Groanaric, .2 2 Vola.* With 500 Tustra-
tons,  Medium vo,

Asuss o Aseiwez e e
Foll. 646

Crassioar, nmmuu or Myriovooy, Bmumx, Axp
Groorara. 1 Vol. With 750 Woodouis. Svo.

S}nl.ns Cuslwu. Dicrioxany, Wich 200 Woﬂdeuh Crowa

Blul.n Glux N> Rowax Axriquirmss. With 200 Wood-
. vo. 1s.6d.

Couriere Larix-Exeusa Dioroxany, With Tables of the
Roman Calendar, Measares, Weights, and Money, 8vo. 2r.
Syaruer Larix-Excusn Dioroxany. 12mo. 7a 6d.

Corrous Axp Crrrrcar Bxottsu-Larry Drorioxary. 8vo. 2ls.
Suarer Exousm-Larix Diottoxany. 12mo. 7s. 6d.
SMITH'S (Dr. Wix.) ENGLISH COURSE :—

Somoon Maxvas or Excutsi Graxoas, wien Corrovs Exznerses,
Post 8vo.

Sonoon Maxuar or Moosaw Gmoasaray, Pavstosn axp
Poliieal. PostSvo. .

Provary Exeusm Graxaar. 16mo. s,
Prixvary History or Brrrarv. 12mo. 2s. 6d.
SMITH'S (Dz. Wx.) GERMAN COURSE :—

Gerxax Prixorera. Part L A First German Course, con-
taining a Grammar, Delectus, Exercise Book, aud Vocabularies.
12mo.” 8s. 6d.

GEmyaN Prisoreia. Pln. IL. A Reading Book ; containing

Fables, Stories, and Ane: atural History, and Scenes from the
x-mmy of Germany, Witk Grammaiest Quendons, Notesy 4t D

Pumis omu Grawusn. Post Svo. 3s. 6]
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SMITH'S (Dr. Wa) FRENCH COURSE :—

Fapvou P Part 1, A First Course, eontainig @
Grammar, Delectus, Exercbies, and Vocubilarios. 13m:

oy e D e

eciotes, Natural History, and Scanes from the

Grammaties) Questidos, Notos and coplous

A
i France. With
‘Etymologieal Diction:

Prose Composiion, conaining
o Systematio ouee of Bxorisd o the Syntax, with thp Prinepal
rupesr's Fasson Guawar. By C. Hno. Wt Witk
Tutroduction by . Littré. Post 8vo. 72,01,
SuaLLER GRAMMAR 0! m“ Freson Laxevace. Abridged
from the above.  12ux
SMITH'S (Dl. W) LAT]"{ COU]’.SEA
Tart 1, First Latin Course, containing a
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