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CHAPTER XIIIL

3 INHERITANCE confinued—REVERSION OR ATAVISM.

DIFFERENT FORMS OF REVERSION—IN TURE OR UNCROSSED BREEDS, AS IN
PIGEONS, FOWLS, HORNLESS CATTLE AXD SHEEP, IN QULTIVATED PLANTS
—REVERSION IN FERAL ANIMALS AND PLANTS—REVERSION 1IN CROSSED
VARIETIES AND SPECIES—REVERSION THEOUGH BEUD-PROPAGATION, AND
BY SEGMENTS IN THE SAME FLOWER OR FPRUIT-—IN DIFFERENT PARTS
OF THE BODY IN THE BAME ANIMAL~THE ACT OF CROSSING A DIRECT
CAUSE OF REVERSION, VARIOUS CASES OF, WITH INSTINCTS — OTHER
FROXIMATE CAUSES OF REVERSION — LATENT CHARACTERS = SECONDARY
BEXUAL CHARACTERS—UNEQUAL DEVELOPMENT OF THE TWO SIDES OF
THE DODY-~AFPPEARANCE WITH ADVANCING AGE OF CHARACTERS DERIVED
FROM A CROSS—THE GERM, WITH ALL IT3 LATENT CHARACTERS, A
WONDERFUL ORECT--=MONSTROSITIES — PELORIC FLOWERS DUE IN SOME
CASES TO REVERSION.

Tue 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 atavus, an ancestor; by the English terms of
Reversion, or Throwing-back ; by the French Pas-en-Arriére;
and by the German Riickschlag, or Riickschritt. 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 we 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 displays some newly-acquired and generally inheritable
VOL. 1L B



2 INHERITANCE. Cuar. XL

character, and the offspring do not inherit it, the cause may
lie in the other parent having the power of prepotent trans-
mission. But when both parents are similarly charnctensc{l,
and the child does not, whatever the cause may be, inherit
the character in question, but resembles its g-mndpareflts, 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-
butes, the child must inherit them, throngh her bloed, from
nis 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 redppears.
The second class includes all cases in which an individual
with some distingnishable 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 elfected by means of buds, and therefore
independent of true or seminal generation. Perhaps cven 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 fo 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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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 feel 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 fo 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
sevoral hornless breeds are now well established. Yet in
these—for instance, in Southdown sheep—** it is not unusual
to 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 off.”! The
Galloways and Suffolk cattle have been hornless for the last
100 or 150 years, but a horned calf, with the horn often
loosely 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
snow. During the classical period the sheep of Spain are
described by several ancient authors as being black, red, or
tawny.? At the present day, nobwithstandiug 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 scrupnlous care ; yet occasionally grey-faced, or black-
spotted, or wholly black lambs appear.* This occurs still
more frequently with the less improved breeds, such as the
Norfolks.® As bearing on this tendency in sheep to revert
to dark colours, I may state (though in doing so I trench on

! Youatt on Sheep, pp. 20, 234,
The same fact of loose horns oce
casionally appearing in hornless breels
has  been observed in  Germany;
Bechstein, ¢ Naturgesch., Deutsch-
lands b. i s 962, .

* Youatt on Cattle, pp. 155, 174,

? Youatt on Sheep, 1838, pp. 17,

145, )
* I have been informed of this fact
through the Rev. W. D. Fox, on the
excellent authority of Mr. Wilmnot:
&e¢, also, remarks on this subject in
an article in the Quarterly Review,
1849, p. 595.
* Youatt, pp. 19, 234,

B 2
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the reversion of crossed breeds, and likewise on the subject of
prepotency) that the Rev. W. D. Fox was informed that seven
white Southdown ewes were put to a so-called Spanish ram,
which had two small black spots on his sides, and they 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: he has gone on recrossing these erossed
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 produced.

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 atan exhibition, “ in a consider-
able number of instances were furnished with fully developed
tail-feathers.” Oninquiry, the original breeder of these fowls
stated that, from the time when he had first kept them, they
had often produced fowls furnished with tails; but that these
latter would again reproduce rumpless chickens.

Analogous cases of reversion occur in the vegetable king-
dom; thus “from seeds gathered from the finest cultivated
varicties of Heartsease (Viola tricolor), plants perfectly wild
both in their foliage and their flowers are frequently pro-
duced ;" 7 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 look over their beds of seedlings, and pull up

% ‘The Poultry Book,’ by Mr. much experience on this subject, has

Tegetmeior, 1866, p, 231, likewise nssured me that this some-
? Loudon's *Gard. Mag,,’ vol. %, times occurs,

1834, p. 596+ a nurseryman. with

.
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the faulse plants or “rogues” as they are called. It has
alrcady 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 could probably be brought back, without
any great change in their conditions of life, to a wild or
nearly wild condition : Mr. Buckman has effected this with
the parsnip ;? 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 animals and
plants have not been exposed to any great or abrupt change
in their conditions of life which could have induced this
tendency ; but it is very different with animals and plants
which have become feral or run wild. It has been repeatedly
asserted in the most positive manner by various authors, that
foral 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 counld 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
know the aboriginal parent-species, and cannot possibly tell

® ¢ Gardener’s Chron.,’ 1855, p.

777,
% bid., 1862, p. 721, ]
10 My, Boner spenks (‘Chamois-
hunting," 2ad edit,, 1860, p. 92) of
sheep often runping wild in the
Bavarian Alps; but, on making
furtber inquiries at my request, he

found that they are not able to es-
tablish themselves; they generally
perish from the frozen snow clinging
to their wool, and they have lost tha
skill necessary o pass over steep icy
slopes. On one occasion two ewed
survived the winter, but their lambs
perished.
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whether or not there has been any close degree of reversion.
1t i 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 ex;iosed to competition with the native
productions. Under these circumstances, if our domesticated
animals did not undergo change of some kind, the result
would be quite opposed to the conclusions arrived at in this
work. Nevertheless, I do not doubt that the simple fact
of animals and plants becoming feral, does cause some
tendency to reversion to the primitive state; thongh this
tendency has been much exaggerated by some authors.

1 will briefly run through the recorded cases, With 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 ran wild in
Sonth 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 deseription 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

yobably descended from several domestic races, and aboriginally
rom several distinct species. Feral cats, both in Europe and
La Plata, are regularly striped; in some cases they bave grown to
an unusually large size, but do not differ from the domestic animal
in any other character. When variously-coloured tame rabbits
are turned out in Europe, they generally reacquire the colonring of
the wild animal ; there can be no doubt that this does really oceur,
but we should remember that oddly-coloured and conspicuons
animals would suffer much from beasts of prey and from being
easily ghot; 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 feral rabbits of Jamaica,
and especially of Porto Santo, have assumed new colours and other
new characters. The best known case of reversion, and that om
which the widely spread belief in its universality apparently rests,
is that of pigs. These animals have run wild in the West Tndics,
South America, and the Falkland Islands, and have everywhera

1 See some exzellent remarks on  Proc, Linn, Soc.,” 1858, vol. iii. p. 60,
this subjoct by Mr, Wallace, ¢ Journal
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acquired the dark colonr, the thick bristles, and great tusks of the
wild boar; and the young have reacquired longitudinal stripes,
PBut even in the case of the pig, Roulin describes the half-wild
pnimals in different parts of South America as differing in several
respects. 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
and fowls,” it is not known what variety was first turned out, nor
what character the feral birds have assnmed. The guinea-fowl in
the West Indies, when feral, seems to vary more than in the
domesticated state. :
With respect to plants run wild, Dr. Hooker' has strongly
insisted on what slight evidence the common belief in their
reversion to a primitive state rests. Godron™ describes wild
turnips, carrots, and celery; but these plants in their cultivated
gtate ly differ from their wild prototypes, except in the succu-
lency and enlargement of certain parts,—characters which would
certainly be lost by plants growing in poor soil and struggling with
other plants. No cultivated plant has run wild on so enormous
a scale as the cardoon (Cynara cardunculus) in La Plata. Every
botanist who has seen it-growing there, in vast beds, as high as
a horse’s back, has been struck with its peculiar appearance; but
whether it differs in any important point from the cultivated
Spanish form, which is said not to be prickly like its American
descendant, or whether it differs from the wild Mediterrancan
jos, which is said mot to 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
gome 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-

12 Durean de la Malle, in ¢ Comptes
Rendus,! tom. xli., 1835, p. 807.
From the statements above given, the
author concludes that the wild pigs
of Louisiana are not descended from
the European Sus sorof.

13 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. The account i3 =0
meagre and vague that it did Dot

appear to me worth copying: but I'now
find that Duvean de la Malle (¢ Comp-
tes Rendus,” tom. xli, 1855, p. 640)
advances this as a good instance of
reversion to the primitive stock, and as
confirmatory of & still more vagne
statement in elassical times by Varro,

1 4 Flora of Australia,’ 1859, In-
trodluct., p. ix.

1 :De I'Espbee,” tom. 4. ;p. 54,
58, 60.
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sion, one of their grandparents, or some more distant collateral
relation. Very many anomalies of structure and diseases,!®
of which instances have been given in the last chapter, have
come into a family from one parent, and have reappeared
in the progeny after passing over two or three generations.
The following case has been communicated to me on good
authority, and may, I believe, be fully trusted : a pointer-Bitch
produced seven puppies; four were marked with blue and
white, which isso 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 gamekecper 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-bitch Sappho, the only blue
and white pointer of pure descent which he had ever seen,
This led to closé inquiry, and it was proved that he was the
great-great-grandson of Sappho; so that, according to the
common expression, he had only 1-16th of her blood in hig
veins. I may give one other instance, on the authority of
Mr. R. Walker, a large cattle-breeder in Kincardineshire,
He bought 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 Leen black. In these cases there
can hardly be a doubt that a character derived from a CTOSS
with an individual of the same variety reappeared after
passing over three generations in the one case, and five in the
other.

When two distinet races are orossed, it is notorious that the
tendenoy in the offspring to revert to one or both parent-
forms is strong, and enduves for many generations, I have
myself scen the clearest evidc_nco of this in crossed pigeons
and with various plants. Mr. Sidney 1" states that, in a litter
of Essex pigs, two young ones appeared which were the image
of the Berkshire boar that had been used twenty-eight years

¢ Mr. Sedgwick gives many in-  July, 1863, pp, 448, 188,

stanves in the ¢ British and Foreign % In his edit. of ‘Youatt
Med-Chirurg. Review,' April and  Pig’ 1840, p. 97, % the
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before in giving size and constitution to the breed. I 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
rid 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 discussions in how many generations after a
gingle cross, either with a distinct breed or merely with an
inferior animal, the breed may be considered as pure, and free
from all danger of reversion. No 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 infermediate 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 transmission in the two parent-forms, 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 either 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-
jeet, 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 thap

" Dr. P. Lucas, ‘Héréd. Nar,” *Gard. Chronicle,” 1856, p. 820, 1

tum, ii. pp. 314, 892: see a good  could add a vast number of refarences
Practical article on the subject in  but they would be superfiuous,

¥
v
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Naudin.!* The tendency differs in degrce or strength in
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 considered
as invariably characteristic of them ; it may also be mastered
by long-continued selection; but these subjects will more
properly be discussed in a future chapter on Crossing. From
what we see of the power and scope of reversion, both in pure
races, and when varieties or species are crossed, we may infer
that characters of almost every kind are capable of 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."*

Reversion through Bud-propagation—Partial Rerersion, by seq-
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 leaf-bud on a variegated, o
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* Kolreuter gives curious cases in ¢ Med.-Chirurg. Review,” April, 1881
his ¢ Dritte Fortsetzung,’ 1766,58, 53,  p. 485, Dr. H. Dobell, in ¢ Mg,
59; and in his well-known ‘ Memoirs  Chirarg. Transactions’ val. xly;
on Lavatera and Jalapa.' Girtner, gives an analogons case, in which in
‘ Bustarderzeugung,’ ss. 437, 441, &e,  a large family, fingers with tllich::ud
Naudin, in his * Recherches sur  joints were transmitted to several
I'Hybridité,” Nouvelles Archives du  mambers during five Bencrations .
Muoséum,” tom, i. p. 25. but when the blemish once disnppu“d‘
™ Quoted by Mr. Sedgwick in it mever reappeared,
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by segments. Vilmorin #* has also recorded several cases with
plants derived from seed, of flowers reverting by stripes or
blotches to their primitive colours: he states that in all such
cases a white or pale-coloured variety must first be formed,
and, when this is propagated for a length of time by seed,
striped seedlings occasionally 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
Nandin*® insists in his discussion on disjunction of character,
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 frait. or distinet kinds of
flowers on the same root resembling the two parent-forms.
Many piebald animals probably come under 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 ome of their two
parents, or resemble one parent in one part, and the other
parent in another part; or whilst young are intermediate in
character, but with advancing age revert wholly or by seg-
ments to either 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 either partially or wholly to both forms.
The cases given in the eleventh chapter on the changes which
occurred during growth in crossed 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 mnot 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 snecession of hud-
generations on the same plant, they may be thus included.

Analggons facts have been observed in the animal kingdom,

® Verlot, “Des Variétes,” 1865, tom, i p. 25, Alex. Braun (in his ¢ Re

63 Jjuvenescence,” Ray Soc., 1853, p- 515)

‘B ¢Nouvelles Archives du Muséum,”  apparently holds o similar opinion,
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and are more remarkable, as they oceur in the same individual
in the strictest sense, and not as with plants through a suc-
cession of bud-generations. With animals the act of rever-
gion, if it can be so designated, does not pass over a true
generation, but merely over the early stages of growth in the
same individual. TFor instance, I crossed several white hens
with a black cock, and many of the chickens were, during the
first year, perfectly white, but acquired during the second year
black feathers; on the other hand, some of the chickens
which were at first black, became during the second year
piebald with white. A great breeder ** gays, that a Pencilled
Brahma hen which has any of the blood of the Light Brahma
in her, will “occasionally 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 nnmistakably distinet frill 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, T
ess 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
brown spots on her ears. When a little older she was badly
wounded on the back, and the hair which grew on the
cicatrix 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 woundeq
gurface is white.
In the foregoing cases, the characters which with advancing
age reappeared, were present in the immediately pmcedgng
# Mr. Toobay, in ¢ The Poultry * Quoted by Hofackor, ¥ :

Book,” by Mr. Tegetmeicr, 1866, p.  Eigenschaften)’ &c., 5. 93, ‘ Ucber dia
72
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generations; but characters sometimes reappear in the sama
manner after a much longer interval of time. Thus the
calves of a hornless race of cattle which originated in
Corrientes, though 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 first-rate black bantam has
been described, which during three scasons was perfectly
black, but then annually became more and more red ; and it
deserves notice that this tendency to change, whenever it
ocours in a bantam, “is almost certain to prove hereditary.”2¢
The cuckoo or blue-mottled Dorking cock, when old, is liable
to acquire yellow or orange hackles in place of his proper
bluish-grey hackles.”” Now as Gallus bankiva is coloured red
and orange, and as Dorking fowls and bantams are descended
from this species, we can hardly doubt that the change which
occasionally occurs in the plumage of these birds as their age
advances, results from a tendency in the individual to revert
to the primitive type.

Crossing as a direct cause of Reversion.—It has long been
notorions that hybrids and mongrels often revert to both or
to one of their parent-forms, after an interval of from two to
seven or eight, or, according to some authorities, even a greater
number of generations. But that the act of crossing in itself
gives an impulse towards reversion, as shown by the 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 been 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
breeds, as long as they are precluded from crossing. As thig

%% Azara, ‘Essais Hist. Nat. de *The Po;ltry ].fo’:;k,’ by Mr. Teget~
Paraguay,’,tom. ii. 1801, p. 572 meier, 18646, p. 248, 3

“sfhe’;e‘ facts are given on the 7 ¢The Poultry Book,’ by Tegot
bigh authority of Mr. Hewitt, in  meier, 1866, p. 97,
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conclusion seems to me highly curious and novel, I 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 cerfain 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
breeds which I crossed, and the remarkable results attained, have
Leen fully described in the sixth chapter. I selected pigeons
belonging to true and ancient breeds, which had not a trace of blue
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 may recall to the reader’s memory one caso,
namely, that of a pigeon, bardly distinguishable from the wild
Shetland species, the grandehild of a rocﬂlpot, white fantail, and
two black barbs, from any of which, when purely-bred, the produoc-
tion of a pigeon coloured like the wild C. livia would have been
o g g T

was thus led to mal e experiments, recorded in the sev

chapter, on fowls. I selected long-established pure brggd:n ?x:
which there was not a trace of red, yet in several of the mong’m]s
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 bankiva. All who know any-
thing of the breeding of poultry will admit that tens of thou

of pure Spanish and of pure white Silk fowls might have been
reared withont the appearance of o red feather. The fact given on
the authority of Mr. Tegetmeier, of the frequent appot;mnco in
mongrel fowls, of penciled or transversely-barred feathers like
those common to many gallinaceous birds, is likewise appamﬁuy A
case of reversion to a character formerly possessed by gome ancient
progenitor of the family. Iowe to the kindness of this excellent
observer the opportunity of inspecting some neck-hackles and tail
feathers from a hybrid between the common fowl and o very distin ;,
species, the Gallus varius; and these *feathers aro tmnsvcrselc
striped in a conspicuous manner with dark metallic blue and :
a character which could not have been derived from either immedi u;
parent. ;

I have been informed by Mr. B. P. Brent, that he erossed i
Aylesbury drake and a black so-called Labrador duclk, mll:lt?
which are true breeds, and he obtained a young drake close) 1'1?
the mallard (4. boschas). Of the musk-duck (4. maschatn 1{ =
there are two sub-breeds, namely, white and slate-coloured - and i.lll:q?l)
I am informed breed true, or nearly true. But the Rey, W D p::

telis me that, by putting a white drake to g slate-coloured duck,
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black birds, ;I)ied with white, like the wild musk-duck, were always
produced. hear from Mr. Blyth that hybrids from the canary
and gold-finch almost always have streaked feathers on their backs;
and this streaking must be derived from the original wild canary.

We have seen in the fourth chapter, that the so-called Himalayan
rabbit, with its snow-white body, black ears, nose, tail, and feet,
breeds perfectly frue. This race is known to have been formed by
the union of two varieties of silver-grey rabbits. Now, when a
Himalayan doe was crossed by a sandy-coloured buck, a silver-grey
rabbit was produced; and this is evidently a case of reversion to
one of the parent varieties. The young of the Himalayan rabbit are
born snow-white, and the dark marks do not appear until some
time subsequently; but occasionally young Himalayan rabbits are
born of a light silver-grey, which colour soon disappears; so that
here we have a trace of reversion, during an early period of life, to
the parent varieties, independently of any recent cross.

In the third chapter it was shown that at an ancient period
gome breeds of cattle in the wilder parts of Britain were white with
dark ears, and that the cattle now kept half wild in certain parks,
and those which Liave run quite wild in two distant parts of the
world, are likewise thus coloured. Now, an experienced breeder,
Mr. J. Beasley, of Northamptonshire* er some carefully
selected West Highland cows with purely-bred shorthorn bulls.
The bulls were red, red and white, or dark roan; and the Highland
cows were all of a red colour, inclining to a ligl'lt 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
red ears. Bearing in mind that none of the parents were white,
and that they were purely-bred animals, it is highly probable that
here the offspring reverted, in consequence of the cross, to the
colour of some ancient and balf-wild parent-breed. The following
case, perhaps, comes under the same head: cows in their natural
state have their ndders but little developed, and do not yield nearly
go much milk as our domesticated animals. 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
turn out worthless in this respect.

In the chapter on the Horse reasons were assigned for believing
that the primitive stock was striped and dun-colonred ; 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 colonrs, But the stripes appear most frequently on the various

M ¢Gardener’s Chron. and Agri- of cattle as Mr. Willoughty Wood
cultural Gazette, 1866, p. 528. (¢ Gard. Chron, 1869, p, 1216}, admity

® Ibid., 1860, p. 343, I am glad my priociple of a cross giving s
to find that so experienced & breeder  tendency to reversion,
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kinds of duns, In foals they are sometimes plainly scen, and
subsequently disappear, The dun-colour and the stripes are
strongly tmnsmittegca\:hen a horse thus characterised is crossed
with any other; but I was not able to }mrove that striped duns are
generally produced from the crossing of two distinet breeds, neither
* of which are duns, though this does sometimes ocour,

The legs of the ass are often striped, and this may considered as
a roversion to the wild parent form, the Equus taniopus of Abyssinia,®
which 15 generally thus striped, In the domestic animal the stri
on the shoulder are occasionally double, or forked at the extremity,
as in certain zebrine species. There is reason to believe that the
foal is more frequently striped on the legs than the adult animal,
As with the horse, I have not uired any distinet evidence that
the crossing of diﬁercntly-co]ou‘.l:gl varieties of the ass brings out
the stripes.

But now let us turn to the result of crossing the horse and ass.
Although mules are not nearly 0o numerous in England as asses,
I have seen a much greater number with striped legs, and with
the stripes far more conspicnous than in either parent-form. Such
mules are generally light-coloured, and might be called fallow-
duns. The shoulder-stripe in one instance was deeply forked at the
extremity, and in another instance was double, though united in the
middle. Mr, Martin gives a figure of a Spanish mule with strong
zebra-like marks on its legs® and remarks that mules ‘are particu-
larly liable to be thus striped on their legs, In Sonth America,
according to Roulin® such stripes are more frequent and con-
spicuous in the mule than in the ass. In the United States, Mr.

56, speaking of these animals, says, © that in a great number,
“ perhaps in mine out of every ten, the legs are banded with
* transverse dark stripes.”

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

As the zebra has such a conspicuously striped body and legs, it
might have been expeoted that the hybrids from this animalg:nd
the common ass woummvc had their legs in some degree striped ;
but it appears from the figures given in Dr. Gray’s ‘ Knowsle
Gleanings,’ and still more plainly from that given by Geoffroy an
F. Cuvier,* that the legs are much more conspicuonsiy striped than
the rest of the body; and this fact is intelligible only on the belict

* Sclater, in ¢ Proc. Zoolog. Soc.,” 1835, ]‘) 338,
Lo

1862, p. 163, * ¢ Letters from Alabama,’ 1859, P
 *llistory of the Horse, p. 212 280.
3 EMém.  présentés par  divers e ‘llist._ Nat. des Mammiferes,

Savans & I'Acad, Royale,! tom. vi. 1820, tom. i.
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that the ass aids in giving, through the power of reversion, this
character to its hybrid offspring.

The quagga is banded over the whole front part of its body like
a zebra, but has no stripes on its legs, or mere traces of them.  But
in the famous hybrid bred by Lord Morton,® from a chestnut,
nearly purely-bred, Arabian mare, by a male quaggs, the stripes
were “ more strongly defined and darker than those on the legs of
“ the quaggn.” The mare was subsequently put to a black Arabian
horse, and bore two colts, both of which, as formerly stated, were
plainly striped on the legs, and one of them likewise had stripes on
the neck and body.

‘Lhe Lquus indicus® is characterised by a spinal stripe, without
ghoulder or leg stripes; but traces of these latter stripes may ocea-
gionally be seen even in the adult; % and Colonel 8. Poole, who hLas
had ample opportunities for observation, informs me that in the
foal, when first born, the head and legs are often striped, but the
ghoulder-stripe is not so distinet as in the domestic ass; all these
stripes, excepting that along the spine, soon disappear. MNow a
hybrid, raised at Kuowsley® from a female of this species by a
male domestic ass, had all fonr legs transversely and conspicuously
striped, had three short stripes on each shoulder and had even some
zebra-like sttigcs on its face! Dr. Gray informs me that he has
soen o second hybrid of the same parentage similarly striped.

From these facts we see that the crossing of the several equine
gpecies tends in & marked manner fo cause stripes to appear on
varions parts of the body, especially on the legs. As we do not
know whether the parent-form of the genus was striped, the appear-
ance of the stripes cau only hypothetically be attributed to reversion.
But most persons, after conzidering the many undoubted cases of
variously colonred marks reappearing by reversion in my experi-
ments on crossed pigeons and fowls, will come to the same conclu-
gion with respect to the horse-genus; and if o, we must admit
that the progenitor of the group was striped on the legs, shoulders,
iaco, and probably over the wholo body, like a zebra.

Lastly, Professor Jaeger has given® a good case with pigs. He
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35 « Philosoph. Transact.,’ 1821, p.

i Selater, in * Pros. Zoolog. So¢.,!
1862, p. 183: this gpecies is the
Ghor-Khur of N.W. Indin, and has
often been called the Hemionus of
Pallas, See, also, Mr. Blyth’s ex-
cellent paper in ‘Journal of Asiatic
Soe. of Bengal,' vol. xxviii., 1860, p.
229.

37 Apother species of wild ass, the
true E. Aemionus or Kiang, which
ordinarily has no shoulder-stripes, is
said occasionally to have them;

YOL. 1L

these, as with the horse and ass ave
sometimes double: sco Mr. Blyth, in
the paper just quoted, and in “Indian
Sporting Review,” 1856, p. 520: and

" Col. Hamilton Smith, in * Nat. Library,

Horses," p. 318; and ‘Dict. Class,
A’Hist. Nat.,” tom. iii. p. 563

# Figured in the ‘ Gleanings from
the Knowsley Menageries,” by Dr. J.
E. Gray.

3 ¢ Darwin’sche Theorie und ihre
Stellung zu Moral und Leligion,” p.
85.
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crossed the Japanese or masked breed with the common German
breed, and the offspring were intermediate in character. He then
re-crossed one of these mongrels with the pure Jul)anese, and in
the litter thus produced ome of the young resembled in all its
characters a wikf pig; it had a long snout and upright ears, and
was striped on the back. It should be borne in mind that the.
young of the Japanese breed aro not striped, and that they have
a short muzzle and ears remarkably dependent,

A similar tendency to the recovery of long lost characters
holds good even with the instincts of crossed animals. There
arc some breeds of fowls which are called * everlasting
layers,” because they havé lost the instinct of incubation s
and go rare is it for them to incubate that I 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 instinct is 80 strong as this. Now, so many cases have
been recorded of the crossed offspring from two races, neither
of which are incubators, becoming first-rate sitters, that the
reappearance of this instinet must be attributed to reversion
from crossing. One anthor goes so far as to say, *“ that a cross
Tetween two non sitting varieties almost invariably produces
a 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.”

WO 1 It cannot,
however, be maintained that hens produced fro

m a Ccrose

¢ Cases of both Spanish aud Polish  from a cross between Golden and
hens sitting are given in the ‘ Poultry  Black Polish fowls, are “gagd and
Chronicle,” 1855, vol. iii. p, 477. steady binds to sit.” My, B, P, Brent
“ {The Poultry Book by Mr, informs me that he raised s0me gooq
Tegetweier, 1866, pp. 119, 163, The sitting  hens by crossing  Pencillel
author, who remarks on the two  Hamburg and ~ Polish breeds. A
pegatives (‘Journ. of Hort.’ 1862, cross-bred bird from a Spaaish: nor
| 823), states that two bwmls.wcro incubating cock and Cochin iney.
riised from a Spanish cock and Silver-  bating hen is mentioned inthe ¢ Poult
pencilied Hamburg hen, neither of  Chronicle,” vol. jii, P 13, a8 qp o Y
which arve incubators, and no less  emplary mother.”
than seven out of eight hons in these  hand, an exceptional case is given 1y
two broods “showed a perfect ob-  the ‘Cattage Ganlener,” 1850, 3
stinacy In sitting.” The Rev. E. 8. of ahen rised from g Spanish cock
Dixon (‘Orpamental Poultry,' 1848,  and black Polish hen which did nog
p- 200) says that chickens reared incubate, V!

CXe

On the othey
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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
cock,—breeds which do not incubate,—and none of the young
heus 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 here we
have the reappearance with advancing age of a primitive
instinct, in the same manner as we have scen 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 onr domesticated animals were of course
aboriginally wild in disposition; and when a domesticated
Bpecies 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 Earl of Powis formerly im-
ported 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 are almost certainly specifically distinet :
Sir F. Darwin crossed a sow of the latter broed with a wild
Alpine boar which had become extremely tame, but the young,
though baving 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 orossing tame
cock-pheasants with fowls belonging to five breeds, gives asg
the character of all “ extraordinary wildness;"”* but I have
myself seen one exception to this rule. Mr. 8. J. Salter,ss

* ¢The Poultry Baok,’ by Teget- # ¢ Natural History Reviuw,’ 1863,
@eier, 1856, pp. 165, 167, April, p. 277,
c2
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who raised a large number of hybrids from a bantam-hen b{
Gallus somneratii, states that “all were exceedingly wild:
Mr. Waterton*! bred some wild ducks from egos hatched
under a common duck, and the young were allowcd 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, thongh notorions for obstinacy
and vice. Mr. Brent, who has crossed canary-birds with
many kinds of finches, has not observed, as he informs me,
that the hybrids were in any way remarkably wild: but
Mr. Jenner Weir who has had still greater experience, is of &
directly opposite opinion. He remarks that the sigkin is the
tamest of finches, but its mules are as wild, when young, 48
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 i8
known of this latter bird having escaped and become wild in
Europe or Asia, except, according to Pallas, on the Caspian
Sea ; and the common domestic duck only occasionally becomes
wild in districts where large lakes and fens abound. Never-
theles, 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 these hybrids could have acquired their wildness

20 - INBERITANCE.

44 ¢Essays on Natural History,’ p.
817,
. Agstatad by Mr. Orton, in his
¢ Physiology of Breeding,” p. 12,

WM. B da Selys-Longehamps
refers (* Bulletin Acad. Roy. de Brux-
ellos,’ tom. xii. No, 10) to more than
seven of these  hybrids shot in

Switzerland and France. M. Deby

assorta (¢ Zoologist,’ vol. v., 1845-46,
P 1254) that voveral haye been shot
in_ varions parts of Belgium and
Northern France. Audubon (* Ornithe
olog. Biography," vol, iil. p. 168),
speaking of these hybrids, says that,
in North America, they “mnow and

then 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 ; henca
We must infer that they have reacquired, through reversion,
their wildness, as well as renewed powers of flight.

These lattor 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 set 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
I had thought of the present subject, I was struck with the
fact that, in South America, men of complicated descent
between Negroes, Indiavs, and Spaniards, seldom had, what-
ever the cause might be, a good expression.*” Livingstone,—
and a more unimpeachable authority cannot be quoted, —after
speaking of a half-caste man on the Zambesi, described by the
Portuguese as a rare monster of inhumanity, remarks, “ It is
unaccountable why half-castes, such as he, are so much more
cruel than the Portuguese, but such is undoubtedly the case.”
An inhabitant remarked to Livingstone, * God made white
men, and God made black men, but the Devil made half-
castes.”*¥ When two races, both 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
races, 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.?
From these facts we may perhapsinfer that the degraded state
of o 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 proximate causes leading to Reversion.

4 ¢ Jourpal of Researches,’ 1845, ® Dr. P, Broea, on *
p- 71 the Genus Homo,” K
@ i pypedition to the Zambesi,) 1804, p. 39.

1865, pp- 25, 150.
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purely-bred animals or 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 flowers produces a seedling with small and elongated
flowers,—we are quite unable to assign any proximate cause.
When animals run wild, the tendency to reversion, whic}_l.
though it has been greatly exaggerated, no doubt exists, i8
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 colonred
songitudinal stripes on young feral pigs cannot be attributed
to the direct action of external conditions. In this case, and
in many otheis, 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
Epecies are crossed there is the strongest tendency to the re-
appearance in the offspring of long-lost characters, possessed
by mneither 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 forces of inheritance apparently counteract each
other, and the tendency which is inherent in bhath parents to
produce slaty-blue offspring becomes predominant. So it is
in several other cases. But when, for instance, the ass is
crossed with F. indicus or with the horse,—animals which
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have not striped legs,—and the hybrids have conspicuous
stripes on their legs and even on their faces, all that can be
gaid 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
charactors proper to either pure parent-form. As a geneial
rule, erossed 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. Severa.
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 distingnish the
discordant elements, so completely are they intermingled.
We can hardly doubt that, in a certain sense, this is true, as
when we behold in a hybrid the elements of both species
segregating themselves into segments in the same flower or
fruit, by a process of self-attraction or self-affinity ; this
segregation taking place either by seminal or bud-propagation.
Nandin further believes that the segregation of the two
gpecific elements or essences is eminently liable to occur in
the male and female reproductive matter; and he thus
explains the almost universal tendency to Teversion in suCces-
give hybrid generations. For this would be the matural
result of the union of pollen and ovules, in both of which the
elemonts of the same species had been 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 elements 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 every
hybrid in a double state, namely, blended together and com-=

8 ¢Nouveolles Archives du Muséum,’ tom. i, p. 151,
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pletely separate. How this is possible, and what tl 2 term
specific essence or element may be supposed tc express, I shall
attempt to show in the chapter on the hypothesis of pangenesis.

But Naudin's view, as propounded hy him, is not applicable
to the reappearance of characters lost long ago by variation ;
and it is hardly applicable to races or species which, after
having been crossed at some former period with a distinct
form, and haying since lost all traces of the cross, neverthe-
less occasionally yield an individual which reverts (as in the
case of the great-great-grandchild 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 tendeney 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 Nandin's observations, and by the notorious fact
that perfectly fertile mongrels exhibit the tendency in a high
degree,—even in a higher degres, according to Gartner
himself, than hybrids.®!

Giirtner further states that reversions rarely occur with
hybrid plants raised from species which have not been culti-
vated, whilst, with those which have been long cultivated,
they are of frequent occurrencg. This conclusion explaing
# curions discrepancy : Max Wichura,*? who worked exclu-
sively on willows which had not been subjected to enlture,
never saw an instance of reversion; and he goes so far as to
suspect that the careful Gértner had not sufficiently protected
his hybrids from the pollen of the parent.species : Naudin, on
the other hand, who chiefly experimented on cucurbitaceous aud
other cultivated plants, insists more strenuously than any other

51 ¢ Bastarderzengung,’s. 582, 438,  der Weiden,” 1865, 5. 28, For Giirtner’s

i remarks on this head, se¢ * Bastard.
52 ¢ 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, iz one of the proximate causes leading to reversion,
agrees well with the converse case of domesticated animals and
cultivated plants being liable to reversion when they become
feral ; for in both cases the organisation or constitution must
be disturbed, though in a very different way.*

Finally, we have seen that characters oftem reappear in
purely-bred races without our being able to a-sign any
proximate cause; but when they become feral this is either
indirectly or directly 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 either 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 withan 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.
Tn these cases the child is commonly said to inherit such
characters directly from its grandparent, or more remote
ancestors. DBut 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 latent or
dormant in both parents during a long succession- of genera-
tions, the foregoing facts are intelligible. In what manner
characters may be conceived to lie latent, will be considered
in a future chapter to which Ihave lately alluded.

Latent Characters—DBut I must explain what is meant by

31 Prof. Weismann, in his very  clusion, namely, that any canse which
curious essay on the different forms  disturbs the organisation, such as the
produced by the same species of exposure of the cocoons to heat or
butterfy at different seasons (‘Saison-  even to muen _ﬂmklng, gives a
Dimorphismus der Schmetterlinge, pp.  tendency to reversion.

27, 28), has come to a similar cons
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characters lying latent. The most obvious illustration is
afforded by secondary sexual characters. In every female all
the secondary male chavacters, 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, &e.,
when old or diseased, 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 ocour
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 wounld
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
to acquire horns ; and, as Hunter has remarked, we seo 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 moro or less oompletelf
lost when they are subjected to castration, Thus, if the
operation be performed on a young cock, he never, as Yarrell
states, crows again; the comb, wattles, and spurs do not grow
to their full size, and the hackles assume an intermediate
appearance befween true hackles and the feathers of the hen.
Cases are recorded of confinement, which often affects the
reproductive system, causing analogous results. But cha-

3% Yarrell, ¢ Phil. Transact.,” 1827,
p- 268; Dr. Hamilton, in *Proc
Zuolog. Soc.,” 1862, p. 23.

%% 4 Archiv. Skand, Beitriige zur

Isidore Geoffroy Saint-Hilaire, in his
¢ Essais do Zoolog, Gén.' (*suites A
Buffon," 1842, pp. 496-513), has
collected such cases in ten different
kinds of bieds.

Naturgesch.' viii. s 397413,

% In his ‘Eseays on Nat. Hist.,
1838, Mr, Hewitt gives analogous
cases with hen-pheasants in ¢ Journal
of Horticulture, July 12, 1864, p. 37,

It appears that
Aristotle was well aware of the

change in mental disposition in old
hens. Tha case of the female deer
faequiring horns is given at p. 513,
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racters properly confined to the female are likewise acquired
by 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 Réaumur ** 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 ery, and retains during his whole life this newly
acquired maternal instinet. The many well-ascertained cases
of various male mammals giving milk shows that their rudi-
mentary mammary glands retain this capacity in a latent
condition.

We thus see 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 future generations; for we may confi-
dently 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 vigonr

# 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
game sex are present, though latent, in the intermediate
parent of the opposite sex.

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

37 ¢ Cottage Gardenmer,’ 1860, p. # Sir H. Holland, ¢ Medical Notes
879, and Reflecticns,’ 3rd edit., 1855, p
% ¢ Art de faire Eclore,’ &c., 1749, 3L
tom, ii. p. 8.
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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 shape of the fins, from the other, and during the
growth of the young fish one eye is gradually twisted from
the lower to the upper surface.* In most flat-fishes the loft
is the blind side, but in some it is the right; though in both
cases reversed or* wrong fishes,” are 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 gare and occasional reversals of development,
and some few are normally sinistral; but certain species of
Bulimus, and many Achatinell®,” are as often sinistral as
dextral. I will give an analogous case in the great articulate
kingdom : tho two sides of Verruea® are so wonderfully
nnlike, 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 sido that undergoes so
gingular amount of change. One plant is known to me ** in
which the fower, according as it stands on the one or other
side of the spike, is nnequally developed. Inall the foregoing
cases the two gides are perfectly symmetrical at an earl
period of growth. Now, whenever a species is as liable to be g
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 Flounders’ : in ¢ Annals and Mag. of
Nat. Hist," May, 1865, p. 361. |
have givon an abstract of Malm’s
explanation of this wonderful pheno-
menon in tne “Origin of Spovies’ 6th
Edit. p. 188,

' Dr. B, von Martens, in * Annals
and Mug. of Nat. Hist." March, 1865,

P 209,

2 Darwin, ‘Balanide” Tay Soc.,
1854, p. 499 : see also the appandel
Tomarks on the apparently capricious
development of the thoracie limbs op
the right and left sides in the higher
crustaceans,

 Mormodes ignea: Darwin, * Fore
tilization of Orchids,” 1863, p. 251,



Cuar, XI1IL REVERSION, 29

birds, are 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 change of plumage is clearly latent in the young
bird. Ro 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. T will
here add a somewhar 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,discased in her ovaria, and assnmed
male characters. In this breed the males red8mble the females
in all respects except in their combs, wattles, spurs, and
instinets ; hence it might have beer expected that the diseased
hen woula have assumed only those maseculine 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
griginated 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 appesred in the old

* hen were derived from the Polish fowl or common bantam ; and
we thus see that not only certain masculine characters proper
to the Sebright bantam, but other masculine characters derived
from the first progenitors of the breed, removed by a period of
above sixty years, were lying latent in this henbird, ready
to he evolved as soon as her ovaria became diseased.

From these several facts it must be admitted that certain
charaéters, capacities, and instincts, may lielatent in an indi-
vidual, and even in a succession of individuals, without onr
being able to detect the least sign of their presence. When
fowls, pigeons, or cattle of different colours are crossed, and

Toegetmeier,
s :The Poultry Book,” bty Mr

Tegetmeier, 1866, p. 241,

# ¢ Journal of Horticulture,” July,
1864, p. 38. I have nad the oppor-
tunity of examining these romarkable
feathers through the kinduess of Mr
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their offspring change colonr as they grow old, or when the
crossed turbit acquired the characteristic frill after its third
monlt, 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 chagacters from their grand-
parents or more ®istant 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 occurs 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 cascs 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 scen which afterwards dis-
appear. Hornless Suffolk cattle occasionally produde by
reversion horned animals; and Youatt " agserts that even in
hornless individuals * the rudiment of a horn may be often
felt at an early age.”

No doubt it appears at first sight in the highest degree im-
probable that in every horse of every generation there should

* Carl Vogt, ¢ Loctures on Man,’ ¢ ¢ On Castle,’ P 174,
Eng. translat,, 1864, p, 411,
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be a latent capacity and tendency to produce stripes, though
these may not appear once in a thousand generations; thatin
every white, black, or other coloured pigeon, which may have
transmitted its proper colonr during centuries, there should
be a latent capacity in the plumage 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 oceur with a multitude of organic beings. There is
no more inherent improbability in each domestic pig, during &
thousand generations, retaining the capacity and tendency to
develop great tusks under fitting conditions, than in the young
calf having retained for an indefinite number of generations
rudimentary incisor teeth, which never protrude through the

s.
gulllnealmll 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 snppo-ing that reversion is due to
some rare or accidental combination of circumstances, When
a character, lost during hundreds of generations, suddenly
reappears, no doubt some such combination must occur; but
rever=ions to the immediately preceding generations 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 gliown, 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 on: to be due to an
arrest of development, that is, to the persistence of an embry-
onic condition. But many monstrosities cannot be thus
explained; for parts of which no trace can be detected, in the
embryo, but which oceur in other members of the same class
of animals occasionally appear, and these may probably with
truth be attributed to reversion. As, however, I have treated
this subject as fully as I could in my * Descent of Man®
(chap. i., 2nd edit.), I will not here recur to it.

‘When flowers which have normally an irregular structure become
regular or peloric, the change is generally looked at by botanists as
a return to the primitive state. But Dr. Maxwell Masters, * who
has ably discussed this subject, remarks that when, for instance, all
the sepals of a Tropmolum become green and of the same shape,
instead of being coloured with one prolonged into a spur, or when
all the petals of a Linaria become simple and regular, such cases
may be due merely to an arrest of devel[opmcnt; for in these flowers
all the organs during their earlicst condition are symmetrical, and,
if arrested at this stage of growth, they would not become irregular.
If, morcover, the arrest were to take place at a still earlier period
of development, the result would be a simple tuft of green leaves;
and no one probably would call this a case o?revemion. Dr. Masters
designates the cases first alluded to as regular pelorin; and others,
in which all the corresponding parts assume a similar form of
irregularity, as when all the petals in a Linaria become spurred, as
irregular pelorin. 'We have no right to attribute these latter cases
to reversion, until it can be shown that the parent-form, for instanee,
of the genus Linaria had had all its petals spurred ; for a chance of
this nature might result from the spreading of an anomalous
struciure, in accordance with the law, to be discussed in a future
chapter, of homologous parts tending to vary in the same manner,
But as both forms of peloria frequently oceur on the same individual
plant of the Linaria,” they probably stand in some close relation to
one another. On the doctrine that peloria is simply the result of an
arrest of development, it is difficult to understand how an organ
arrested at a very early period of growth should acquire its full
functional perfection ;—how apetal, supposed to he thus arrested,
ghould acquire its brilliant colours, and serve as an envelope to the
flower, or a stamen produce efficient pollen; yet this occurs with

&8 ¢ Natural Hist, Review,” April,
1863, p. 258. e also his Lecture,
Royal Institution, March 16, 1860
On same subject, see Moquin-Tandon,
¢ Bléments de Tératologie,” 1841, pp.
184, 352 Dr. Peyritsch h.‘}s mllec‘lmi
4 large number of very interestiag

cases, Sitzh. d. k. Akad. d. Wissensch. ;
Wien. Bd. LX. anl especially Bd,
LXVL, 1872, p. 125.

¥ Vorlot, ‘Des Variétés” 1865,
89 ; Naulin,  Nouvelles Archives da
Muséum,” tom. i. p 1i7.
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many peloric flowers. That pelorism is not due to mere chance
variability, but either to an arrest of development or to reversion,
we may infer from an observation made by Ch. Morren,”™ namely,
that families which have irregnlar flowers often ““return by these
monstrofie growths to their regular form; whilst we never see &
regular flower realise the structure of an irregular one.”

Some flowers have almost certainly become ore or less completely
pelorie through reversion, as the following interesting case shows.
Corydalis tuberosa properly has one of its two nectaries eolonrless,
destitute of nectar, only half the size of the other, and therefore, to
a cerfain extent, in a rudimentary state; the pistil is curved
towards the gerfect, nectary, and the hood, formed of the inner
petals, slips off the pistil and stamen in one direction alone, so that,
when a bee sucks the perfect nectary, the stigma and stamens are
exposed and rubbed against the insect’s body. In several closely
allied genera, as in Dielytra, &c., there are two perfect nectaries,
the pistil is straight, and the hood slips off on either side, accord-
ing as the bee sucks either nectary. Now, I have examined several
flowers of Corydalis tubeross, in which both nectaries were equally
developed and contained nectar; in this we see only the redevelop-
ment of a partially aborted organ ; but with this redevelopment the
pistil becomes straight, and the hood slips off in either direction,
0 that these flowers have ncquired the perfect structure, so well
adapted for insect agency, of Dielytra and its allics. We cannot
attribute these coadapted modifications to cliance, or to correlated
variability ; we must attribute them to reversion to a primordial
condition of the species,

The peloric flowers of Pelargoninm have their five petals in all
respects alike, and there is no nectary: so that they resembie the
symmetrical flowees of the closely allied genns Geraninm; but the
alternate stamens are also somefimes destitute of anthers, the
shortened filaments being left as rudiments, and in this respect
they resemble the symmetrical flowers of the closely allied genus
Erodinm. Hence we may look at the peloric flowers of Pelargo-
nium as having reverted to the state of some primordial form, the

rogenitor of the three closely related genera of Pelargonium,
gcmm'um, and Erodium.

In the pelorie form of Antirrhinwm majus, appropriately called
the  Wouder,” the tubular and elongated flowers differ wonderfully
from those of the common snapdragon; the ealyx and the mouth
of the corolla consist of six equal lobes, and include six equal instead
of four unequal stamens. One of the two additional stamens is
manifestly formed by the development of a microscopically minute

pilla, which may be found at the base of the upper lip of the
ngcr of the common snapdragons in the nineteen plants examined

™ In his discussion on some curious  nal of Horticulture,” Feb. 24, 1863,
peloric Culceolarias, quoted in ‘ Jour-  p. 152,

YoL. 11 »
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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
common and the peloric Antirrhinum. Again, o peloric Galeob-
dolon luteum, growing in my garden, had five equal petals,al) stri
like the ordinary lower lip, and included five equal insteafl 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
lobhes to the corolla, and from three to six stamens.™ Now, as the
members of the two great families to which the Antirrhinum and
Galeobdolon belcglf are properly pentamerous, with some of the
parts confluent and others suppressed, we onght not to look at the
gixth stamen and the sixth lobe to the corolla in either case as due
to reversion, any more than the additional petals in double flowers
in these same two families. But the case is different with the fifth
stamen in the peloric Antirrhinum, which is J)roduccd by the
redevelopment of a rudiment always present, and which probably
reveals to us the state of the flower, as far as the stamens are con-
cerned, at some ancient epoch. It is also difficult to believe that
the other four stamens and the petals, after an arrest of develop-
ment at a very early embryonic age, wounld have come to full
Eerfection in colour, structure, and function, unless these organs

ad at some former period normally passed through a similar course
of growth. Hence it appears to me probable that the progenitor 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 peloric form. The conclusion that peloria is not
a mere monstrosity, irrespective of any former state of the species,
is supported by the fact that this structure is often strongly in-
herite«Bo as in the case of the peloric Antirrhinum and Gloxinia and
gometimes in that of the peloric Corydalis solida.™

Lastly I may add that many instances have been recorded of
flowers, not generally considered as peloric, in which certain
organs are abnormally angmented in number. As an increaso
of parts cannot be looked at as an arrest of development, nor as due
to the redevelopment of rudiments, for no rudiments are present,
and as these additional parts bring the plant into closer relationship
with its natural allies, they ought probably to be viewed as rever-
sions to a primordial condition.

These several facts show us in an interesting manner 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

¥ Tor other cases of six divisions ™ Godron, reprinted from the
m pelo:ic fiowers of the Labiata and ¢ Mémoires de I'Acad. de Stanislas’
Serophularincem, see Moguin-Tandon, 1868 .
“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
presenee during youth, and subsequent disappearance, of cer
tain characters which occasionally are retained throughout
life. Some naturalists look at all such abnormal structures as
a return 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
be a mistake to suppose that the number is equally great in
all beings. We know, for instance, that plants of many
orders occasionally become peloric ; but many more cases have
been ohserved in the Labiate and Scrophulariaces than in
any other order; and in one genus of the Scrophulariaces,
‘namely Linaria, no less than thirteen species have been de-
scribed 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, subjécted
as it is to 8o vast a series of changes from the germinal cell to
old age,—incessantly agitated by what Quatrefages well calls
the tourbillon vital,—is perhaps the most wonderful object in
nature. It is probable that hardly a change of any kind
affects either parent, without some mark being left on the
germ. But on the 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

™ Moquin-Tandon, ¢ Tératologie,’ p. 186,

n2
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beligve that it is crowded with invisible characters, proper to
both sexes, to both the right and left side of the body, ana
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 CHARACTER—PREPOTENCY
~—SEXUAL LIMITATION—CORRESPONDENCE OF AGE.
FIXEDNESS OF CHARACTER APPARENTLY NOT DUE TO ANTIQUITY OF INHERI-

TANCE~ FREPOTENCY OF TRANSMISSION IN INDIVIDUALS OF THE BAME
FAMILY, IN CROSSED BREEDS AND SPECIES; OFTEN STRONGER IN ONE
BEX THAN THE OTHER; SOMETIMES DUE TO THE SBAME CHARACTER
BEING FRESENT AND VISIDLE IN ONE DREED AND LATENT IN THE OTHER
—INHERITANCE AS LIMITED DY SEX—NEWLY-ACQUIRED CHARACTERS IN
OUR DOMESTICATED ANIMALS OFTEN TRANSMITTED UY ONE SEX ALONE,
SOMETIMES LOST BY ONE SEX ALONE—INHERITANCE AT CORRESI'ONDING
PERIODS OF LIFE—THE IMPORTANCE OF THE PRINCIFLE WITH RESPECT
TO EMBRYOLOGY; AS EXHIBITED IN DOMESTICATED ANIMALS: AS
EXHINITED IN THE APPEARANCE AND DISAPPEARANCE OF INHERIWFED
DISEASES; SOMETIMES "SUPERVENING EARLIER IN THE CHILD THAN IN

THE PARENT—SUMMARY OF THE THREE PREECEDING CUAPTERS,

Ix the last two chapters the nature and force of Inheritance,
the circumstances which interfere with its power, and the
tendency to Reversion, with its many remarkable contingen-
cies, were discussed. In the present chapter some other
related phenomena will be treated of, as fully as my materials
permit,
Fizedness of Character.

It is a 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 throngh long continuance, but I doubt whether it can
be proved. In one sense the proposition is little better than
a truism ; if any character has remained constant during many
generations, it will 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 time to exclude all inferior
individuals, the breed will obviously tend to become truer,
as it will not have been crossed during many generations by
an inferior animal, We have previously seen, 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
aggregate of slight differences which characterise a new
variety, for some propagate their kind from the first much
truer than others. Even with plants multiplied by bulbs,
layers, &c., 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 none
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 been
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 gheep 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 be 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 bave 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 & 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 would be apt to vary under the still
greater changes consequent on domestication, independently
of their greater or less antiquity.

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 distinet 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 morc 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
consequent on changed conditions of life requiring a long
time for their cumulative action. Notwithstanding these
considerations, it would perhaps be rash to 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
to bo 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.

\ See Youatt on Cattle, pp. 92, 69, p. 825, Also Dr. Lucas, ‘I'Hérdd,
78, 88, 163; and Youatt on Sheep, Nat,' tom. il. p. 310
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Prepotency in the Transmission of Character. .

When iudividuals, belonging to the same family, but
distinct enongh to be recognised, or when two well-marked
races, or two species, are crossed, the usual result, as stated
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 somefimes 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 diffienlt.

It 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 throngh the male line;
for we cannot otherwise understand how the same features
should so often be transmitted after marriages with many
females, 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 preponderance of black in his
% blood, both on the sire and dam side.”

* ¢ Hérad. Nat,' tom i pp. 112- 270,

20, 5 Mr. N. H. Smith, ¢ Observations
* Sir H. Holland, ‘Cheoters on  on Breeding,’ quoted in ¢ Encyclop, of
Aental Physiology,’ 1852, 1 234, Rural Sports,” p. 278,

¢ *Gandener's Chronicle, 1860, p.
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The truth of the principle of prepotency comes ont more clearly
when distinet races are crossed. The improved Short-horns, not-
withstanding that the breed is comparatively modern, are generally
acknowledged to possess great power in impressing their likeness
on all other bme(is; and it is chiefly in consequence of this power
that they are so highly valued for exportation.® Godine has given
a curions case of a ram of a goat-like breed of sheep from the Cape
of Good Hope, which produced offspring hardly to be distingnished
from himself, when crossed with ewes of twelve other breeds. But
two of these half-bred ewes, when put to a merino ram, produced
lambs closely resembling the merino breed. Giroun de Buzareingnes”’
found that of two races of French sheep the ewes of one, when
crossed during successive generations with merino rams, yielded
up their character far sooner than the ewes of the other race.
Sturm and Girou have given analogous cases with other breeds of
sheep and with cattle, the prepotency running in these cases
through the male side: but 1 was assured on good authority in
Sonth America, that when niata cattle are crossed with common
cattle, though the niata breed is prepotent whether 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-three
kittens, seventeen were destitute of tails; but when the female
Manx was crossed by common male cats all the kittens had tails,
though they were generally short and imperfect.®

In making reciprocal crosses between pouter and fantail pigeons,
the pouter-race seemed to be })redpotent through both sexes over
the fantail. But this is probably due to weak power in the fantail
rather than to any unusually strong power in the pouter, for 1 have
observed that barbs also preponderate over fantails. This weak-
ness of transmission in the fantail, though the breed is an ancient
one, is said ® to be general; but I have observed one exception to
the rule, namely, in a cross between a fantail and laugher. The
most curious instance known to me of weak power in both sexes is
in the trumpeter pigeon. This breed has been well known for at
Jeast 130 years: it breeds perfectly true, as I have been assured by
those who have long kept many birds: it is characterised by a
peculiar tuft of feathers over the beak, by a crest on the head, by
a singular coo quite unlike that of any other breed, and by much-
feathered feet. I have crossed both sexes with turbits of two sub-
breeds, with almond tumblers, spots, and runts, and reared many
mongrels and recrossed them; and though the crest on the head

§ Quoted by Bronn, £ Geschichte p. 112,
{er Natur,” b, ii. & 170, Se¢ Sturm, 8 Mr. Orton, * Physiology of Breed.
*Uober Racen) 1825, s. 104-107. ing, 1835, p. 9.
For the ninta cattle, see my ¢ Journal * Boitard and Corbié, ‘ Les Pigeons,’
of Rescarches,” 1845, p. 144, 1824, p. 224

! Lucas, * L’'Hérélité Nat.,” tom, ii.
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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 peculiar coo. Boitard and Corbié™ assert that this is
the invariable result of crossing trumpeters with other breeds:
Neumeister," however, states that in Germany mongrels have been
obtained, though very rarely, which were furnished with the tuft
and would trurzset: but a pair of these mongrels with a tuft,
which I imported, never trumpeted. Mr. Brent states™ that the
crossed offspring of a trumpeter were crossed with trumpeters for
three generations, by which time the mongrels had 7-8ths of this
blood in their veins, yet the tuft over the beak did not appear. At
the fourth generation the tuft appeared, but the birds though now
having 15-16ths trumpeter’s b?ood still did not trumpet. This
case well shows the wide difference between inheritance and pre-
potency; for here we have a well-established old mce which
transmits its characters faithfully, but which, when crossed with
any other race, has the feeblest power of transmitting its two chief
characteristic qualities,

I will give one other instance with fowls and pigeons of weakness
and strength in the transmission of the same character to their
crossed offspring. The Silk-fowl breeds true, and there is reason
to believe is n very ancient race; but when I reared a large number
of mongrels from a Silk-hen by a Spanish cock, not one exhibited
even a trace of the so-called silkiness. Mr. Hewitt also asserts that
in no instance are the silky fenthers transmitted by this breed when
crossed with any other variety, But three birds out of many raised
by Mr. Orton from a cross between a gilk-cock and a bantam-hen
bad silky feathers® So that it is certain that this breed very
seldom has the power of transmitting its peculiar plumage to its
crossed progeny. On the other hand, there is a silk sub-variety
of the fantail gig@on, which has its feathersin nearly the same
state as in the Silk-fowl: now we have already seen that fantails,
when crossed, possess singularly weak power in transmitting their
general qualities; but the silk sub-variety when ¢ with
any other small-sized race invariably transmits its silky feathers |

The well-known horticulturist, Mr. Paul, informs me that he
fertilised the Black Prince hollyhock with Pollen of the White
Globe and the Lemonade and Black Prince ho lyhoeks reciprocally;
but not one seedling from these three crosses inherited the black
colour of the Black Prince. So, again, Mr. Laxton, who has had
such great experience in crossing peas, writes to me that * when-
“ over a cross has been effected between a white-blossomed and a
* purple-blossomed pea, or between a white-seeded and a purple-
¢ spotted, brown or maple-seeded pea, the offspring seems to lose

1% ¢ Les Pigeons,” pp. 168, 198, Mr. Hewitt, in ‘The Poultry Bock,
1 ¢ Das Ganan,’ &e., 1837, s. 39, by Tegetmeier, 1866, p. 224,
¥ {The Pigeon Book,’ p, 46, ' Boitard and Corbi¢, ‘Les Pigeons,

13 ¢Physiology of Breeding,’ p. 22; 1824, p. 226.



Cuar. XIV.  PREPOTENCY OF TRANSMISSION. 43

: 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.”
The law of pro;{wgthcy comes into action when species are crossed,
as with races and individuals. Géirtner has unequivocally shown*
that this is the case with plants. To give one instance: when
Nicotiana fmnw}da(a and winceflora are crossed, the character of
N. paniculata is almost completely lost in the hybrid; but if -
quadrivalvis be crossed with N. vincaflora, this latter species,
which was before so prepotent, now in its turn almost disappears
under the power of V. quadrivalvis. It is remarkable that the
gmpotienczv of ?ne sp(l,;cicé o:;r an(;thl;:r in transmission is quite 15;
ependent, as shown by Girtner, of the greater or 1 ility wi
which the one fertilises the other. et P e
With animals, the jackal is prepotent over the dog, as is stated
by Flourens, who made many crosses between these animals; an
this was likewise the case with a hybrid which I 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 through the female ass; so that the mule resembles the ass
more closely than does the hinny.* The male pheasant, jud 'ni
from Mr. Hewitt’s deseriptions,”” and from the hybrids whitsll
have scen, preponderates over the domestio fowl ; but the latter, as
far as colour is concerned, has considerable power of transmission,

15 ¢ Bastarderzeugung,’s. 256, 290,
&ec. Naudin (* Nouvelles Archives du
Muséum,” tom. i, ? 149) gives &
striking instance of prepotency in
Datura stramonium when crossed with
two other species, h

15 Flourens, ¢ Longévité Humaine,”
p. 144, on crossed jackals, With
raspoct to the difference between the
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.
Comp., tom. ii. pp. 537-539, the
fullest description which I have met
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 in his * Naturgeschichte Dentsch-
lands,’ b. i s 294, The tail of the
hinny is much more like that of the
borse 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 compound
hybrid which I saw in the Zoological
Gardens, from a mare by a hybrid
nss-zebra, closely resembled its mother
in its tail.

17 Mr. Hewitt, who has had such
eat experience in raising these
ybrids, says (‘Poultry Book,” by
Mr. Tegetmeier, 1866, pp. 165-167)
that in all, the hoad was destitute ot
wattles, comb, and ear-lappets ;
all closely resembled the pheasant in
the shape of the tail and general con-
tour of the body. These hybrids
were taised from hens of several
breeds* by a cock-pheasant; but
apother hybrid, described by Mr.
Hewitt, was raised from a hen-
heasant, by & silver-laced Bantam
cock, and this possessed & rudimental
comb and wattles,
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for hybrids raised from five differently coloured hens differed
greatly in plumage. I formerly examined some curious hybrids in
the Zoological Gardens, between the Pengunin variety of the com-
mon duck and the Egyptian goose (Anser agyptiacus); and al-
though I will not assert that the domesticated variety prepon-
derated over the natural species, yet it had strongly impresscsoiltls
unnatural upright figure on these hybrids.

I am aware that such cases as the foregoing have been ascribed
by various authors, not to one species, race, or individual bein
prepotent over the other in impressing its character on its cmsses
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 various authors almost
proves their falseness. Dr. Prosper Lucas has fully discussed this
point, and has shown  that none of the rules (and I could add
others to those quoted by him) apply to all animals. Similar rules
have been announced for plants, and have been proved by Giirtner
to be all erroncous. 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 generally
gives colour;® but conspicuous exceptions have passed under my
own eyes. It seems that the ram usually gives its peculiar horns
and floece to its crossed offspring, and the bull the presence or
absence of horns.

In the following chapter on Crossing I ghall have occasion to
ghow that eertain characters are rarely or never blended by cross-
ing, but are transmitted in an unmodified state from either parent-
form ; I refer to this fact here because it is sometimes accompanied
on the one side by prepotency, which thus acquires the false
appearance of unusual strength. In the same chapter I shall
sEow that the rate at which a species or breed absorbs and ob-
literates 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 ourignorance, to act in most cases
quite capriciously. The very same character, even though
it be an abnormal or monstrous one, such as silky feathers,
may be transmitted by different species, when crossed, either
with prepotent force or singular feebleness. It is obvious,

% CI’Héréd, Nat.? tom. if. book ii.  Muséum,’ tom. i. p. 148) has arrived
ch. i. at a similar conclusion.

19 ¢ Bastarderzeugung,’ 8. 264-266. ® ‘Cottage Gardener,’ 1856, pp
Naudin (‘ Nouvelles Archives du  *01, 137,
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that a purely-bred form of either sex, in all cases in which
prepotency does not run 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 antiguity
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
l.)reed; and in this case it is natural that the character which
15 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 foew 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
i§ crossed with one of any other colour, it is most diffienlt
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. Butb
there are exceptions to the rule: hornless breeds of catfle
possess a latent capacity to reproduce horns, yet when crossed
with horned breeds they do not invariably produce offspring
bearing horns.

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

1 Sa some remarks on this head
with respect to sheep by My, Wilson,
in ¢ Gardener's Chronicle,” 1863, p. 15.
Many striking instances of this result
are given by M. Malingié-Nouel
(¢ Journ. R. Agricult. Soc. vol. xiv.
1853, p. 220) with respect to crosses

between English and French sheep.
He found that he obtained the
desived infloence of the English breeds
by crossing intentionally mongrelised
French breeds with pure English
breeds.
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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 (Anfirrhinum majus), deseribed 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 minety plants of the
crossed Antirrhinum in the two beds, and their structnre 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
purvived the winter, were all as perfectly peloric as the
parent-plant. Here 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, weroe
allowed to sow themselves, and out of a hundred and twenty-
soven 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
peloric, having reverted to the structure of their one grand-
parent. This case scems at first sight to offer an excoption
to 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 Scrophulariacem, and especially in
the genera Antirrhinum and Linaria, thero is, as was shown

3 Verlot, ¢ Des Vanétés’ 1865, p. 86,
» Noquin-'l’andon, ¢ Tératologie,” p. 191,
4 « Nouvelles Archives du Muséam,’ tom. i. p. 137,
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in the last chapter, a strong latent tendemcy to becoma
pelorio; 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 same plants. Now, with the crossed
Antirrhinums the tendency to produce normal or irregular
flowers, 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 to a large extent in the second set of seedlings.
How it is possible for a character to gain strength by the
intermission of a generation, will be considered in the chapter
on pangenesis.

On the whole, the subject of prepotency is extremely intri-
cate,—from its varying so much in strength, even in regard
to the same character, in different animals,—from its running
either equally in both sexes, or, as frequently is the case with
animals, but not with plants, much stronger in one sex than
the other,—from the existence of secondary sexual charac-
‘ters,—from the transmission of certain characters being
limited, as we shall immediately see, by sex,—from certain
characters not blending together,—and, perhaps, occasionally
from the effects of a previous fertilisation on the mother.
It is therefore not surprising that no one has hitherto
succeeded in drawing up general rules on the 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
directly connected with the organs of reproduction, are con-
spicnously present. With our domesticated animals, characters
of this kind often differ widely from those distinguishing the
two sexes of the parent species; and the‘pl.'inciplt? of inheri-
tance, as limited by sex, explains how this is possible.
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Dr. P. Lncas has shown? that when a peculiarity, in no manner
connected with the reproductive organs, appears in either parent,
it is often transmitted exclusively to the offspring of the same sex,
or to a much greater number of them than of the opposite sex.
Thus, in the family of Lambert, the horn-like projections on the
skin were fransmitted from the father to his sons and grandsons
alone; so it has been with other cases of ichthyosis, with super-
numerary digits, with a deficiency of digits and phalanges, and in &
lesser degree with various diseases, especially with colour-blindness
and the hemorrhagic diathesis, that is, an extreme liability to profuse
and uncontrollable bleeding from trifling wounds. On the other
hand, mothers have transmitted, during several generations, to their
daughtersalone, supernumerary and deficient digits, colonr-blindness
and other peculiarities, So that the very same peculiarity may
become attaced to either sex, and be long inherited by that sex
alone; but the attachment in certain eases is much more frequent
to one than the other sex. The same peculiarities also may be
promiscuously transmitted to either sex. Dr. Lucas gives other
cases, showing that the male occasionally transmits his peculigritics
to his daughters alone, and the mother to her sons alone; but even
in this case we see that inheritance is to a certain extent, though
inversely, regulated by sex. Dr. Lucas, after weighing the whole
evidence, comes to the conclusion that every peculiarity tends to
be transmitted in a greater or lesser degree to that sex in which it
first appears. But a more definite rule, as I bave elsewhere shown*
generally holds good, namely, that variations which first appear in
either sex at a late period of life, when the reproductive functions
are active, tend to be developed in that sex alone; whilst variations
which first appear cnrlf' in life in either sex are commonly trans-
mitted to both sexes. am, however, far from supposing that this
is the sole determining cause,

A few details from the many cases collected by Mr. Sedgwick,
may be here given. Colour-blindness, from some nnknown cause,
shows itself much oftener in males than in females; in upwards of
two hundred cases collected by Mr. Sedgwick, nine-tenths related
tomen; butitis eminently liable to be transmitted through women.
In the case given by Dr. Earle, membexs of eight related families
were affected during five generations: these families consisted of
gixty-one individuals, namely, of thirty-two males, of whom nine-
sixteenths were incapable of distinguishing eolour, and of twenty-
nine females, of whom only one-fifteenth were thus affected.
Althongh colour-blindness thus generally clings to the male sex,

5 ¢1’Héréd. Nat.,,” tom. ii. pp. 137~ 2! On Sexual Limitation in Heredi-
155. See, also, Mr. Sedgwick’s four  tary Diseases, ‘Brit, anl For. Mad.-
memoirs, immediately to be referred  Chirurg. Review,' April 1861, p, 477
to. “July, p. 1985 April 1863, p. 445 ; and

% ¢ Descent of Man,' 2nd edit, p.  July, p, 159, Also in 1847, ‘On the
52 intluence of Age in Hereditary Discase,'
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nevertheless, in one instance in which it first u}t?)carod in a female,
it was transmitted during five generations to thirteen individuals,
all of whom were females. The heemorrhagic diathesis, often accom-
panied by rhenmatism, has been known to affect the males alone
during five generations, being transmitted, however, through the
fomales. 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 peculinrity to his two sons and one daughter; but in
the third generation, 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 transmit it to their children of the same sex; but []!,enernlly
with the hemorrhagic diathesis, and often with colour-blindness,
and in some other cases, the sons never inherit the peculiarity
directly from their fathers, but the daughters alone transmit the
latent tendency, so that the sons of the danghters alone exhibit it.
Thus the father, grandson, and great-great- dson will exhibit a

culiarity,—the grandmother, daughter, and great-grand-daughter
mﬁng transmitted it in a latent state. Hence we have, as Mr.
Sedgwick remarks, a double kind of atavism or reversion; each
]g;:.ndson apparently receiving and developing the peculiarity from

i dfather, and each daughter apparently receiving the latent
tendency from her grandmother. '

From the various facts recorded by Dr. Prosper Luecas, Mr.
Sedgwick, and others, there can be no doubt that peculiarities first
appearing in either sex, though not in any way nceessarily or
invariably connected with that sex, strongly tend to be inherited by
the offspring of the same sex, but are often transmitted in a letent
state through the opposite sex.

Turning now to domesticated animals, we find ‘that certain
characters not proper 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 ontline of the forehead. These differences,
Jjudging from the character of the allied wild species, cannot be
accounted for by supposing that they have been derived from
distinet parent forms. There is, also, a great difference between
the horns of the two sexes in one Indian breed of goats. The bull
zebu is said to have a larger hump than the cow. In the Scotch
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 tortoises

3 W, Scrope, “Art of Deer Stalking,’ p. 354,
VOL. II. E
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shell is very rarely seen in a male cat; the males of this variety
being of a rusty tint.

In various breeds of the fowl the males and females often difer
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 originated under domesti-
cation. In certain sub-varieties of the Game race we have the
unusual case of the hens differing from each other more than the
cocks. In an Indian breed of a white colour shaded with black, the
hens invariably have black skins, and their bones are covered by &
black periosteum, whilst the cocks are never or most rarely thus
characterised. Pigeons offer a more interesting case ; for throughout
the whole great family the two sexes do not often differ much; and
the males and females of the parent-form, the €. livia, 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
strinted 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 conspicnous, So that here we have instances of
the appearance of secondary sexual characters in the domesticated
nices 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 nature 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 colonr between the two sexes. In some
cases the barred plumage, which in gallinaceous birds is
commonly the attribnte of the hen, has been transferred to
the cock, as in the cuckoo sub-breeds. In other cases masen-
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 pugnacions
disposition of the Game hen, n.nd as in the well-developed
spurs which occasionally appear in the hens of various breeds.
In Polish fowls both se<xes are ornamented with a topknot,
that of the male being formed of hackle-like feathers, and
this is a new male character in the genus Gallus. On the
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whole, 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 fo be inherited exclusively or
more strongly by the males. Finally, in accordance with
the principle of inheritance as limited by sex, the preserva-
tion and m&meutation of secondary sexual characters in
natural species offers no especial difficulty, as this would
follow through that form of selection which I have called
sexual selection.

Inkeritance 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 trath
of the explanation there given of one of the most remarkable
fucts in biology, namely, the difference between the embryo
and the adult animal. The explanation is, that variations
do not necessarily or generally occur at a very early period
of embryonic growth, and that such variations are inherited
at a corresponding age. As a consequence of this the embryo,
even after the parent-form has undergone great modification,
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 ought to beas far as
possible gencalogical. 'When the embryo leads an inde-
pendent life, that is, becomes a larva, it has to be adapted
to the surrounding conditions in its structure and instincte,
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 fes
Man’ (20d edit. p. 223) sufficient males. .
evidence that male animals are
E 2
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their parent-forme, present conspicuons differences, both in
their immature and mature states. TLook 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 mann® of growth,
but hardly at all in their seeds; and generally 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
several breeds of poultry, descended from a single species,
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 T
have received the details) are inheritable, and longevity is
often transmitted. So again with our improved breeds of
cattle and gheep, early maturity, including the early develop-
ment of the teeth, and with certain breeds of fowl the early
appearance of secondary sexual characters, all come under the
same head of inheritance at corresponding periods.

Numerous analogous facts could be given. The silk-moth,
perhaps, offers the best instance; for in the breeds which
transmit their characters truly, the eggs differ in size, colour,
and shape: the caterpillars differ, in moulting three or four
times, in colour, even in having a dark-coloured mark like
an eyebrow, and in the loss of certain instincts ;—the cocoons
differ in size, shape, and in the colour and quality of the
silk ; these several differences being followed by slight or
barely distingnishable 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
geed, and the horn in a full-grown of can resemble only a
horn. The following cases show inheritance at corresponding
periods more plainly, because they refer to peculiarities which
wight have supervened, as far as we can sce, 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 age, namely, about nine weeks
after birth.®# In the extraordinary hairy family deseribed by Mr.
Crawfurd,* children were J;mduccd during three generations with
hairy ears; in the father the hair began to grow over his body at
Bix years old; in his daughter somewhat earlier, namely, at one
year; and in both generations the milk teeth appeared Iate in life,
the permanent teeth being afterwards singularly deficient. Grey-
ness of hair at an unusnally early age has been transmitted in somo
families, These cases border on diseases inherited at corresponding
periods of life, to which I shall immediately refer.

1t is a well-known peculiarity with almond-tumbler pigeons, that
the full beauty and Eeculiar character of the plu does not
appear until the bird has moulted two or three times. Neumeister
deseribes and figures a brace of pigeons in which the whole body is
white except the breast, neck, and head; but in their first plumage
all the white feathers have coloured edges. Another breed is more
remarkable: its first slumage is black, with rusty-red wing-bars
and a crescent-shaped mark on the breast; these marks then
become white, and remain so during three or fonr moults; but after
this period the white spreads over the body, and the bird loses its
beauty.® Prize canary-birds have their wings and tail black:
“ this colour, however, is only retained until the first moult, so that
“ they must be exhibited ere the change takes place. Once
“ moulted, the peculiarity has ceased. Of course all the birds
“ emanating from this stock have black wings and tails the first
year”® A curious and somewhat analogous account has been
given ™ of a family of wild pied rooks which were first observed in
1798, near Chalfont, and which every year from that date up to the
period of the published notice, viz., 1837, “ have several of their
“ brood particoloured, black and white. This variegation of the
“ plumage, however, disappears with the first moult; but among
“the next young families there are always a few pied ones.
These changes of plumage, which are inherited at various corre-
sponding periods of life in the pigeon, canary-bird, and rook, “3
remarkable, because the parent-species passes through no St

lange, :

Inﬁerited diseases afford evidence in some respects of less valuc

3 Prichard, ¢Phys. Hist. of Man- 3 ¢Das Ganze der T::“*"‘ffl"cz‘:t;
kiud,’” 1851, vol, 1. p. 349. 1837, & 24, tab, iv., fig. 23 5 21, b

3 ¢ Embassy to the Court of Ava' i, fig. 4
vol. i. p. 320," 'The third geneutil:m ”8 Kid
8 deseri apt. Yule in his  p. 18, 1
‘-\'ﬂmﬂ\l:d o?yt}?epllission to the P Charlesworth, ‘M_nz. of Nat.
Court of Ava, 1855, po M Hist.,’ vol. i. 1837, p. 167.

d's ¢ Treatise on the Canary,’
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than the foregoing cases, because diseases are hot necessarily con~
nected with any change in structure; but in other respects of more
value, because the periods have been more carefully observed.
Certain diseases are communicated to the child apparently by
a process like inoculation, and the child is from the first affected;
such cases may be here passed over. Large classes of diseases
usually appear at certain ages, such as St. Vitus’s dance in youth,
consumption in early mid-life, gout later, and apoplexy still later;
and these are naturally inherite%l at the same period. But even in
dizenses of this class, instances have been recorded, as with St
Vitus’s dance, showing that an unusually early or late tendency to
the disease is inheritable® In most cases the appearance of any
inherited disease is largely determined by certain critical periods
in each person’s life, as well as by unfavourable conditions. There
are many other diseases, which are not attached to any particular
period, but which certainly tend to ap in the child at about
the same age at which the parent was first attacked. An array of
high anthorities, ancient and modern, could be given in sup! vort of
this proposition. The illustrious Hunter believed in it; and 1orr_y"'
cautions the physician to look closely to the child at the period
when any grave inheritable disease attacked the parent. Dr.
Prosper Lucas,” after collecting facts from every source, asserts
that affections of all kinds, though not related to any particular
period of life, tend to reappear in the offspring at whatever period
of life they first appeared in the progenitor. :

As the subject is important, it may be well to give a few
instances, simply as illustrations, not as proof ; for proof, recourse
must be had to the authorities above quoted. Some of the
following cases have been selected for the sake of showing that, when
a slight departure from the rule oceurs, the child is affected some-
what earlier in life than the parent. In the family of Le Compte
blindness was inherited through three generations, and no less
than twenty-seven children and grandchildren were all affected at
about the same age; their blindness in general began to advance
about the fifteenth or sixteenth year, and ended in total deprivation
of sight at the age of about twenty-two® In another case a father
and his four children all became blind at twenty-one years old; in
another, a grandmother grew blind at thirty-five, her danghter a;
nineteen, and three grandchildres at the ages of thirteen and eleven.

* Dr. Prosper Lucas, ¢ Héréd. Nat,,'
tom. ii. p. 713, =

# (I 'Héréd, dans les Maladies,
1840, p. 135, For Hunter, sec Har-
lan's “ Med. Researches,” p. 530,

¥ A1’Héréd. Nat.,' tom. ii. p. 850

3 Sedgwick, ¢ Brit. and For. Med.-
Chirurg. Review," April, 1851, p. 485.
In some accounts the number of

children and grandchildren is given
as 373 but this seems to be an error
judging from the paper first published
in the ‘Baltimore Med. and Phys.
Reg.’ 1809, of which Mr. Selgwick
has boen 50 kind as to sead me a copy.

3 Prosper Lucas, ‘Héréd. Nat
tom. i. p. 400,
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So with deafness, two brothers, their father and paternal grand-
father, all became deaf at the age of forty.®

Esquirol gives several striking instances of insanity coming on
at the same age, as that of a grandfather, father, and son, who all
committed suicide near their fiftieth year. Many other cases could
be given, as of & whole family who became insane at the age of forty."
Other cerebral affections sometimes follow the same rule—for
instance, epilepsy and apoplexy. A woman died of the latter
disease when sixty-three years old; one of her daughters at forty-
three, and the other at sixty-seven: the latter had twelve children,
who all died from tubercular meningitis.#* I mention this latter
case bucau.sg it ilinstrates n.freqnent occurrence, namely, a change
in the precise nature of an inherited disease, though still affecting
the same organ.

Asthma has attacked several members of the same family when
forty vears old, and other families during infancy. The most
different diseases, such as angina pectoris, stone in the bladder, and
various affections of the skin, have appeared in successive genern-
tions at nearly the same age. The little finger of a man began from
gome unknown cause to grow inwards, and the same finger in his
two sons began at the same age to bend inwards in a similar
manner. Strange and inexplicable neuralgic affections have caused
pml'c;:tz and children to suffer agonies at about the same period
of life,

I will give only two other cases, which are inferesting as
illustrating the disappearance as well as the appearance of disease
at the same age. Two brothers, their father, their paternal uncles,
geven consins, and their paternal grandfather, were all similarly
affected by a skin-disease, called fpityrim:i.« versicolor ;  the disease,
strictly limited to the males of the family (though transmitted
through the fomales), usually appeared at puberty, and dis-
appeared at about the age of forty or forty-five years.” The second
case is that of four brothers, who when about twelve years old
euffered almost every week from severe headaches, which were
relieved only by a recumbent position in a dark room. Their
father, paternal uneles, paternal grandfather, and granduncles all
euffered in the same way from headaches, which ceased at the age
of fifty-four or fifty-five in all those who lived so long. None of

the females of the family were affected." A

It is impossible to read the foregoing accounts, and the
many others which have been recorded, of diseases coming

1863, p. 449, and July, 1863, p. 162,

Y. Dr. J. Steinan, *Bssay on Hereditary

1 Pi 7 . Prosper Lucas Disease,' 1843, pp. 27, 34,

tom. f:w;r%')z ik e ” 4 These c:u‘:‘i are given by Mr.
@ Prasper Lucas, tom. it. p. 748, Sedgwick, on the authority of br. H,
$3 Prosper Lueas, tom, iii. pp. 678,  Stewart, in ¢ Med ~Chirurg. Revisw,

70C, 702; Sedgwick, ibid., April,  April, 1805, pp. 49, 477.

# Sedgwick, ibid., July, 1861, p.
209

-
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on duaring three or even more generationsin 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 disease is apt to come on earlier in the child
than in the parent; the exceptions in the 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 instahce with blindness durin
three generations; and Mr. Bowman remarks that this fre-
quently occurs with cataract. With cancer there seems to be
a peculiar liability to earlier 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 earlier period than the previous generation, Ha adds,
“In the instances in which the opposite relation holds, and
the members of later generations have cancer at a later ago
than their predecessors, I think it will be found that the
non-cancerous parents have lived to extreme old ages.” 8o
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.

The facts, showing that with certain diseases the period of
inheritance occasionally or even frequently advances, ayp
important with respect to the general descent-theory, for they
render it probable that the same thing would ogour with
ordinary modifications of structure. The final result of a
long series of such advances wonld be the gradual obliteration
of characters proper to the embryo and larva, which would
thus come to resemble more and more closely the maturg
parent-form. But any structure which was of service o the
embryo or larva would be preserved by the destruction at
this stage of growth of each individual which manifesteq
any tendency to lose its proper character at too carly an age,

& ¢ Hepéd. Nat.,' tow. 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
to disease, we must believe 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 s0 grave a nature as to deserve
to be called a monstrosity,—or so peculiar as not to occur
normally in any member of the same natural class,—are often
inherited by man, by the lower animals, and plants. In
numberless cases it suffices for the inheritance of a pecu-
liarity that ome parent alone should be thus characterised.
Inequalities in the two sides of the body, though opposed to
the law of symmetry, may be transmitted. ‘I'here is ample
evidence that the effects of mutilations and of accidents, es-
pecially or perhaps exclusively when followed by disease, are
occasionally inlierited. There can be no doubt that the evil
effects of the long-continued exposure of the parent to in-
jurious conditions are sometimes transmitted to the offspring.
So it is, as we shall see in a future chapter, with the eflects
of the use and disuse of parts, and of mental habits, DPeriodi-
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-inheritance as the anomaly. But this power often ap-
pears to ms in our ignorance to act capriciously, transmitting
a character with inexplicable strength or feebleness. The
very same peculiarity, as the weeping habit of trees, silky
feathers, &o., may be inherited either firmly or not at all by
different members of the same group, and even by different
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‘individuals of the same species, thongh treated in the same
manner. In this latter case we see that the power of trans-
mission is a quality which is merely individual in its attach-
ment. As with single characters, so it is with the several
concurrent slight differences which distinguish sub-varieties
or races ; for of these, some can be propagated almost as truly
as species, whilst others cannot be relied on. The same rule
bolds 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
remain the same. We know that many species, after having
refained 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 imcessantly to appear,
In this latter case it is not that inheritance wholly fuils, but
that new characters are continually superadded. In some
few cases, in which both parents are similarly characterised,
ipheritance 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 baving been at some former period
crossed ; and the child takes after his grandparent or morg
remote ancestor of foreign blood. In other cases, in which
the brecd has mot 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, we may
safely conclude that the child inherits all its characters from
its parents, in whom certain characters are latent, like the
sccondary 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 fuct
that the male and female sexual elements, that buds, and
even full-grown animals, ghould retain characters, during
several generations in the case of crossed breeds, and during
thousands of generations in the case of pure breeds, written
as it were in invisibleink, yet ready at any time to be evolved
under certain conditions,

What these 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 reappearance of long-lost characters, 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
race may possess a strong power of inheritance, and yet when
crossed, as wo 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. It 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 fomale, and afterwards be transmitted
to the offspring of the same sex. In this case we may feel
coufident that the peculiarity in question is really present
though latent in the opposite sex! hence 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 antagonistie, or incapable of combination
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 transmission throngh his non-affected mother,
and transmitted it through his non-affected danghter. Owing
to inheritance being limited by sex, we sce how secondary
sexual characters may have arisen under nature; their
preservation and accumulation being dependent on their

_service to either sex.

At whatever period of life a new character first appears, it
generally remains latent in the offspring until a corresponding
ago 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, though much remains obscure with respect to In-
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-
gion and development being distinct powers: it acts in
various degrees and manners through both seminal and bud
generation. Thirdly, prepotency of transmission, which
may be confined to one sex, or be common fo both sexes.
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.
OX CROSSING.

FREE INTERCROSSING OBLITEBATES THE DIFFERENCES BETWEEN ALLIED
BREEDS-—WHEN THE XNUMDERS OF 'TWO COMMINGLING BREEDS ARE
UNMQUAL, ONE ABSORBS THE OTHER—THE RATE OP ANSORFTION DETEH=
MINED BY FREPOTENCY OF TRANSMISSION, BY THR CONDITIONS OF LIFE,
AND BY NATURAL SELECTION—ALL ORGANIC BEINGS OCCASIONALLY INTER-
CROS3; APPALENT EXCEfTIONS—ON CERTAIN CHARACTERS INCAPARLE OF
PUSION ; CHIEFLY OR EXCLUEIVELY THOSE WHICH HAVE SUDDENLY
APPEARED IN THE INDIVIDUAL-—ON THE MODIPICATION OF OLD RACES, AND
THE FORMATION OF XNEW RACES, DY CROSSING—SOME CROSSED HACES
HMAVE LRED TRUE FROM THELR FIRST FRODUCTION—ON THE CROESING OF
DISTINCT SPECIES IN RELATION TO THE FORMATION OF DOMESTIO
BACES,

IN 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
obliterating characters, and consequently in preventing the
formation of new races; and secondly, in the modification of
old races, or in the formation of new and intermediate races,
by a combination of characters. 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. It is free intercrossing which chiefly
gives nniformity, both under nature and under domestication,
%o 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 distinet, unless he
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separated his animals. The killing of inferior animals in
each generation comes to the same 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 distinet
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
¢ ecountries, 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-
racter ; but in the different parks, from not having mingled
and crossed during many generations, they differ to a
certain small extent.

We cannot doubt that the extraordinary number of varieties
and sub-varictics of the pigeon, amounting to at least one
hundred and fifty, is partly 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 possitle to prevent free crossing.
Rengger? gives an interesting case with respect to the cat
in Paragnay: in all the distant parts of the kingdom it has
assumed, apparently from the effects of the climate, a peculiar
character, but near the capital this change has been pre-
vented, owing, as he asserts, to the native animal frequently
crossing with cats imported from Euarope. In nll_ cases like
the foregoing, the eftects of an occasional_ cross will be aug-
mented by the increased vigour and fertility of tlm:a crossed
offspring, of which fuct evidence will hercafter be given; for

1 ¢ Communications to the Board of
Agriculture,” vol. i. p. 367.
g Keview of Reports, North of

England,” 1808, p. 200.
3« Sihugethiere  von  Paraguay,
1830, s 212
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this will lead to the mongrels increasing more rapidly than
the pure parent-breeds.

When distinet 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 affiliated to
their parent-races.! The character which a crossed body of
animals will ultimately assume must depend on several con-
tingencies,—namely, on the relative membersofthe individuals
belonging to the two or more races which are allowed to
mingle ; on the prepotency of one race over the other in the
transmission of character; and on the conditions of life to
which they are exposed. When two commingled breeds exist
at first in nearly equal numbers, the whole will soouer or
later become intimately blended, but not so soon, both breeds
being equally favoured in all respects, as might have been
expected. The following caleulation 5 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 born ; then “in 65 years the number of
‘ blacks, whites, and mulattoes wounld 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
ahont fifty or sixty years;? but the imported races no doubt
were favoured. Rats may be considered as semi-domesticated
animals. Some snake-rats (Mus alexandrinus) escaped in the
Zoological Gardens of London, “and for a long time after-

n‘l!engger: ¢ Siiugethiere,” &e., & ma:;:?:,;u;lzj ;,:-t :i;;ta }Sf‘\-ll‘;:’:u c%t;?ltii:.n
s ita, ¢ i 4 . DL cannet
!hn,"‘. :‘.‘tﬂ's. RgpIE Sl ‘Jou'::::l olf \'E’;:?:PIS?I-IE‘).B,W?.

* Dr, W. F. Edwards, in his ‘Ca- i p. $00.
ractéres Physiolog. des Races Hu-
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“ wards the keepers 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 distinct 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 Ecoré, 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.
Giirtner found,'® that with plants, one species could be mado
to absorb another in from three to five generations, and he
believes that this could always be effected in from six fo
seven generations. In one instance, however, Kolreuter!!
speaks of the offspring of Mirabilis vulgaris, crossed during
eight successive generations by AL longiflora, as resembling
this latter species so closely, that the most scrupmlous
observer could detect “ vix aliquam notabilem differentiam
or, as he says, he succeeded, ** ad plenariam fere transmuta-
tionem.” But this expression shows that the act of absorp-
tion was not even then absolutely complete, though these
crossed plants contained only the 1-256th part of M. vulyaris.
The conclusions of such accurate observers as Girtner and
Kolreuter are of far higher worth than those made without
soientific 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
a bulldog ; the offspring in each succeeding generation being
recrossed with first-rate greyhounds. As Stonehenge remarks,

& My. S. J. Salter, ¢ Journal Linn,  crosses. Dr P. Luecas, ‘L'Hérédité
Soe.,’ vol. vi,, 1862, p. 71 Nat,,’ tom. ii. p. 808,
3 Sturm, ¢ Ueber Racen, &e.," 1825, 1 ¢ Bastarderzeugung,’ s. 463, 470,
5. 107. Bronn, * Geschichte der Na- I ENova Acta _Petrop., 1794, p.
tur,’ b. il & 170, gives a table of tife 803 : see also previous volume.
proportions of blood after successive 1# ¢ The Dog,’ 1867, pp. 179-184
¥
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it might naturally be supposed that it would take several
crosses to get rid of the heavy form of the bulldog; but
Hysterics, 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.” 1 believe clever
refers fo skill in turning. Hysterics was put to a son of
Bedlamite, * but the result of the fifth cross is not as yet, I
* believe, more satisfactory than that of the fourth.,” On the
other hand, with sheep, Fleischmann ! shows how persistent
the effects of a single cross may be : he says * that the original
* coarso sheep (of Germany) have 5500 fibres of wool on a
* square inch; grades of the third or fourth Merino cross
* produced abont 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 pravented by careful
selection; and thus perhaps the foregouing remarkable case
may be explained. The rate of absorption must also depend
on the amount of distinguishable difference bhetween the two
forms which are crossed, and espevially, as Gértrer insists, on
prepotency of transmission in the one form over the other.
We have seen in the last chapter that one of two French
breeds of sheep yielded up its character, when crossed with
Merinos, very much more siowly than the other; and the
common German sheep referred to by Fleischmann may be in
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 authors to maintain
that a score or more of generations are regnisite for one race
to absorb another. In comsidering the final result of the
commingling of two or more breeds, we must not forget that

1 Asquoted in the ¢True Principles of Breeding,’ by C. H. bl;wknight
aud Dr, ﬁ Madden, 1865, p. 11
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the act of crossing in itself tends to bring back long-lost
characters not proper to the imiediate parent-forms.

With respect to the influence of the conditions of life on
any two breeds which are zllowed 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.
Iiven with indigenous breeds, it will rarely or never occur
that both are equally well adapted to the surrounding eir-
cumstances ; more especially when permitted to roam freely,
and not carefully tended, as is generally the case with breeds
allowed to eross. As a consequence of this, natural selection
will to a certain extent come into action, and the best fitted
will snrvive, and this will aid in determining the ultimate
character of the commingled body.

How long a time it would require before such a crossed 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 be inferred from the previous
considerations, be exactly intermediate 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 obvions that free
crossing wotld scon obliterate such small distinctions. The
formation of new varieties, independently of selection, wonld
aiso thus be prevented; except when the same variation
continually recurred from the action of some strongly pre-
disposing cause. We may therefore conclude that fiee
crossing has in ull 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 possitility of all organic beings occasionally infercrossing
—But it may be asked, can free crossing oceur with hexma-
phrodite animals and plants? All the higher animals, and

the few insects which have Leen domesticated, have separate
F 2
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sexes, and must inevitably unite for each birth, With respect
to 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
believe that all organic beings occasionally cross, though
perhaps in some cases only at long intervals of timed T
will merely recall the fact that many plants, though herma-
phrodite in structure, are unisexunal in function ;—such as
those called by C. K. Sprengel dichogamows, in which the
pollen and stigma of the same flower are matured at different
periods ; or those ealled by me reciprocally dimorphie, in which
the flower's own pollen is not fitted to fertilise ifs own
stigma; or again, the many kinds in which curious mechani-
cal contrivances exist, effectually preventing self-fertilisation.
There are, however, many hermaphrodite plants which are not
in any way specially constructed to favour intercrossing, but
which nevertheless commingle almost as frecly 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 that cabbages must
be prevented * from falling in love ™ with each other, In
the orange tribe, Gallesio ' remarks that the amelioration of
the various kinds is checked by their continual and almost
regnlar crossing. 8o it is with numerons other plants.

On the other hand, some cultivated plants rarely or never
intercross, for instance, the common pea and sweet-pea
(Lathyrus odoratus); yet their flowers are certainly adapted
for cross fertilisation. The varieties of the tomato and
aubergine (Solanum) and the pimenta (Pimenta vulgaris 7)
ars said '¥ never to cross, even when growing alongside one
another. But it should be observed that these are all exotio
plants, and we do not know how they would behave in their

native country when visited

M With respect to plants, an admir-
ablo essay on this subject (Die Gesch-
lechter-Vertheilung bei don Ptlanzen:
1867) has boen published by Dr. Hil-
debrand, who arrives nt the samo

eral conelusions as I have done.
yarious other treatises have since

by the proper insects. With

appenred on the same subject, mare
espocially by Hermann Muller and
Delpino.
13 ¢Teoria dells Riproduzione Ve
tal, 1816, p. 12, < )
' Verlot, «Des Variétés,’ 1885, p,
73
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respect to the common pea, I have ascerfained that it is
rarely crossed in this country owing to premature ferfilis-
ation. There exist, however, gome plants which under their
natural conditions appear to be always self-fertilised, such as
the Bee Ophrys (Ophrys apifera) and a few other Orchids;
yut these plants exhibit the plainest adaptations for cross-
fertilisation. 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 sved.

Although some plants, both indigenous and naturalised,
rarely or never produce flowers, or if they flower never
produce seeds, yet no one doubts that phinerogamic plants
are adapted to produce flowers, and the flowers to produce
seed. When they fail, we believe that such plints 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 cages which do not now intercross, either would
do so occasionally under different conditions, or that they
formesly did so—the means for affecting this being grnerally
still retained—and will again intercross at some future
period, unless indeed they become extinct. On this view
alone, manyspoints 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
jmportant of all the means for giving uniformity to the in-
dividuals of the same species, namely, the capacity of oc-
casionally intercrossing, is present, or has been formerly
present, with all organic beings, except, perhaps, some of
the lowest.

On certain Characters not blending.—When two breeds are crossed
their characters usually become intimately fused together; bus

17 Duval Jouve, ‘Bull. Soc. Bot.  setting seed, see Dr. Ascherson in ¢ Bot,
de Frapee,’ tom. x., 1863, p. 194  Zeitung, 1864, p. 850,
With respect to the perfect flowers
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some characters refuse to 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 anit
common collared turtle-doves are paired. In breeding Game fowls,
a great authority, Mr. J. Douglas, remarks, “T may here state a
‘ gtrange fact: if yon cross a black with a white game, you get
* birds of both breeds of the clearest colour.” Sir R, Heron ¢
during many years white, black, brown, and fawn-coloured Angora
rabbits, and never once got these colours mingled in the same
animal, but often all fonr colours in the same litter.'* From cases like
these, in which the colours of the two ts 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
hair and camplexion: their three children have very light hair, but
on careful search about a dozen black hairs were found scattered in
the midst of the light hair on the heads of all three,

When turnspit ogs amd ancon sheep, both of which have dwarfed
limbs, are crossed with common breeds, the offspring are not inter-
mediate in structure, but take after either parent. When tailless or
hornless animals are crossed with perfect animals, it frequently, but
by 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 hairless condition of the
Paraguay dog is either perfectly or not at all transmitted to its
mongrel offspring; but T have seen one partial exception in a dog
of this parentage which had part of its skin hairy, and part naked,
the parts being distinctly separated as in a piebald animal. When
Dorking fowls with five toes are crossed with other breeds, the
chickens often have five toes on one foot and four on the other.
Some crossad pigs raised by Sir R. Heron between the solid-hoofed
and common pig had not all four feet 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

1 Pxtract of a lotter from Sir R,
Heron, 1838, given me by Mr, Yarrell,
With respect to mice, s ¢ Annal, des
Sa, Nat.,” tom. i p. 180; and [ hn_ve
henrd of other similar cases. For
turtle-doves, Boitard and (.‘utblé,“ Les
Pigoons,’ &c., p. 238,  For the Gama
fowl, *The Poultry Book,’ 18365, p.
128, For crosses of tailless fowls:
220 Bechstein, *Naturges. Dentsch.
b. iii, 5. 403. Bronn, Geschichte
der Natur b. ii. 4. 170, gives :mn!n-
gous fucts with norses. Un the hair-

less condition of crossed South Ameri

can dogs, see Hengger, * Siugethiere
vot Paraguay,’ s. 152: but I saw in
the Zoological Gardens mongrels
from a similar cross, which were
hairless, qunite hairy, or bairy in
{-mtches, that is, piebald with hair,
For crosses of Dorking and other
fowls, s2¢ ¢ Poultry Chronicle” vol. ii.
P 855, About the crossed pigs, ex-
tract of letter from Sir R, Heron to
Mr. Yarrell. For other cases, see P

Lucas, * L'Héréd. Nat.' tom.i. p. 212
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Clarke crossed the little, glabrous-leaved, annual steck (Mathiola),
with pollen of a large, red-flowered, rough-leaved, biennial stock,
cailed eoeardean by the French, and the resulf was that half the
seedlings had glabrous and the other balf 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
strong habit of growth.” In the succeeding generations raised
from the roungh-leaved crossed seedlings, some glabrous plants
appeared, showing that the glabrous character, though incapable
of blending with and modifying the rough leaves, was all the time
latent in this family of plants. The numerous plants formerly
roferred to, which I raised from reciprocal crosscs between the

loric and common Antirrhinum, offer a nearly parallel case; for
in the first generation all the plants resembled the common form,
and in the next generation, out of one hundred and thirty-seven
plants, two alone were in an intermediate condition, the others
Porfectly resembling either the pelorie or common form. Major
‘frevor Clarke also fertilised the above-mentioned red-flowered
stock with pollen from the purple Queen stock, and about half the
seedlings scarcely differed in habit, and not at all in the red colour of
the flower, from the mother-plant, the other half bearing blossoms
of a rich purple, closely like those of the paternal plant. Girtner
orossed many white and yellow-flowered species and varietics of
Verbascum; and these colours were never blended, but the off-
spring bore either pure white or pure yellow blossoms ; the former
in the larger proportion®® Dr. Herbert raised many scedlings, as
he informed me, from Swedish turnips crossed by two other
varieties, and these never produced flowers of an intermediate tint,
but always like one of their parents. T fertilised the purple sweet-
pea ?Lalhyru: odoratus), which has a dark reddish-purple standard-

tal and violet-coloured wings and keel, with pollen of the painted
Rledy sweet-pea, which has a pale cherry-coloured standard, and
almost white wings and keel; and from the same pod I twice
raised plants perfectly resembling both sorts; the greater number
resembling the father. So perfect was the resemblance, that 1
should have thought there had been some mistake, if the plants
which were at first identical with the paternal variety, namdly, tho
painted-lady, had not later in the season produced, as mentioned in
a former chapter, flowers blotched and streaked with dark purple.
1 raised grandehildren and great~grandehildren from these crossed

lants, and they continued to resemble the painted-lady, but
gm-,'ng later generations became rather more blotched with purple,
yet none reverted completely to the origmal mother-plant, the purple

1 ¢ [nternat. Hort. and Bot. Con-  diate tints from similar crosses in the
ess of London,” 1806, genus Verbaseum. With respect to
20 ¢ Bastarderzeugung,’ s 307,  the turnips, sec Herbert’s * Amuryilis
Kolreuter {*Dritte Fortsetszung' s, daces,’ 1857, p. 370.
84, 59), howerer, obtained interme-
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eweet-pea. The following case is slightly different, but still sliows the
same principle : Naudin® raised numerous hybrids between the
yellow Linaria vulgaris and the purple 7. purpurea, and during
three successive generations the colours kept distinet in different
parts of the same flower.

From cases such as the foregoing, in which the offspring of the first
generation perfectly resemble either parent, we come by a small
step to those cases in which differently coloured flowers borne on
the same root resemble both parents, and by another step to those
in which the same flower or fruit is striped or blotched with
the two parental colours, or bears a single stripe of the colour or
other characteristic quality of one of the parent-forms, ‘With hybrids
aud mongrels it {requently or even generally happens that one part
of the body resembles more or less closely one parent and another
part the other parent; and here again some resistence to fusion, or,
what comes to the same thing, some mutual affinity between the
organic atoms of the same nature, apparently comes into play, for
otherwise all parts of the body would be equally intermediate in
character. * So again, when the offs ring of hybrids or mongrels,
which are themselves nearly intermediate in character, revert either
wholly or by segments to 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.

It is remarkable, as has been strongly insisted upon by Isidore
Geoffroy St. Hilaire in regard to animals, that the transmission of
charactors without fusion occurs very rarely when species are
erossed; T know of one exception alone, namely, with the hybrids
naturally produced between the common and hooded erow (Corvus
corone and  corniz), which, however, are closely allied species,
differing in nothing exeept colour. Nor have 1 met with any well-
ascertained cases of transmission of this kind, even when one form
is strongly prepotent over another, when two races are crossed
which have been slowly formed by man’s selection, and therefore
resemble to a certain extent natum{spcci&& Such eases s puppies
in the same litter closely resembling two distinet breeds, ave
probably due to superfeetation,—that is, to the influenes of two
fathers. All the characters pbove enumerated, which are trans-
mitted in a perfect state to some of the offspring and not fo others,
—guch as distinct colours, nakedness of skin, smoothiness of leaves,
absence of horns or tail, additional toss, pelorism, dwarfed structure,
&e.,—have all been known tonpl)car suddenly in individual animalg
and plants, From this fact, and from the several slight, aggregated
differences which distinguish domestic roces and specics from ong
another, not being liable to this peculiar form of transmission, we
may conclude that it is in some way connected with the sudden
appearance of the characters in questior.

8L ¢ Nouvelles Archives du Musdum,’ tom. i. p. 100,
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On the Modification of old Races and the Formation of newo
Races by Crossing.—We have hitherto chiefly considered the
effects of crossing in giving uniformity of character; we
must now look to an opposite result. There can be no douht
that crossing, with the aid of rigorous sclection during
several generations, 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
been crossed, as I hear from the Rev. W. D. Fox, with the
foxhound, to give them dash and speed. Certain strains ot
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 besn 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. **
80 with our British sheep: almost all the races, except the
Southdown, have been largely crossed; *this. in fuct, has
been the history of our principal breeds.”* To give an
example, the * Oxfordshire Downs ” now rank as an estab-
lished breed.** They were produced about the year 1830 by
crossing ** Hanipshire and in some instances Southdown ewes
with Cotswold rams:” now the Hampshire ram was itself
produced by repeated crosses between the native Hampshire
sheepwnd Southdowns ; and the ]oug-wooll.ud Cotswold were
improved by crosses with the Leicester, which lattir again is
believed to have been a cross between several long-woolled
sheep. Mr. Spooner, after cousidering the various cases

2 R ¢ Pigs.’ 7.pp. 87, wart ii.: e also an equall ood
42; Slflglrl‘l:il;?:’«lilt:g:o: g‘;'éu[;}:tso‘n }u!ic!e by MI". Ch'. Hu‘warld,’iny‘ %ar-
the Pis’, 1860, P 8. dener's Ubro'.ncle, 18?[-0., ..J'ZO.

23 See Mr. W. C. Spooner’s excel- 24 « Gardeser’s Chronicle,’ 1857, pp.

lent paper on Cross-Breeding, ‘ Jour- 848, 652
pal Hoyal Agricult. See.' vol. xx,
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which have been carefully recorded, concludes, “that from a
judicious puiring of cross-bred animals it is practicable to
establish a new breed.” On the continent the history of
geveral 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' careful 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 .
breeds.®® 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
rome fanciers to constitute a distinet species, were un-
doubtedly formed* in the ['nited States, within a recent
period, by a cross between Chittagongs and Cochins. With
plants there is little donbt that the Swede-turnip originated
from a cross; and the history of a variety of wheat, raised
from two very distinet varicties, 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 distinet races,
was hopeless : * they clung with superstitious tenacity to the
« doctrine of purity of blood, believing it to be the ark in
« which alone true safety could be fonnd.”** Nor was this
conviction unreasonable : when two distinet races are crossed,
the ofispring of the first generation 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 largs size and vigorous,
they have been raised in great numbers for immediate con-

sumption. But for breeding they are found utterly nseless;

23 ¢ Pulletin de Ja Soc. d’Acelimat.,
1862, tom, ix. p. 463, Ses also, for
uther cases, MM. Moll and Gayot,
$Du Bauf,! 1860, p. xxxil o

% ¢ Poultry Chronicle,’ vol. i,
1854, p. 36,

2 {The Ponltry Book," by W. B,
Tegetmeier, 1866, p. 58,

=« Gardeoer's  Chronicls,” 1352,
P 765, :

= Spooner, in ¢ Journal Roval Agn.
cult, Soc.,” vol, xx., part ii.
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for though they may themselves be nniform in character,
they yield during many genemtions astonishmgly diversified
offspring. The breeder is driven to despair, and conclndes.
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 no barrier to suceessful
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 soven 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
ducidedly unfavourable to the characters of either parent
Trced,

Although the grandchildren and succeeding generations
of cross-bred animals are generally variable in an extieme
degree, some curious exceptions to the rule have been observed
both with crossed races and species. Thus Poitard and
Corbié ' assert that from a Pouter and a Runt *“a Cavalier
will appear, which we have classed amongst pigeons of pure
race, because it transmits all i's qualities to its posterity.”
The editor of the ¢ Poultry Chronicle’3? bred some blunish
fuwls from a black Spanish cock and a Malay hen ; and these
remained frue to colour * generation after generation.” The
Himalayan breed of rabbits was certainly formed by crossing
two sub-varieties of the silver-grey rabbit ; althongh it sud-
denly assumed its present character, which differs much from
that of either pnrent-brecd, yet it has ever since been easily
and truly propagated. T crossed some Labrador and Pengnin
ducks, and recrossed the mongrels with Penguins ; afterwards
most of the ducks reared during three generations were nearly
uniform in character, being brown with a white crescentig
mark on the lower part of the hreast, and witl{ £0MO w.hito
spots at the base of the beak; so that by the aid of a lxt:clo
celection a new breed might casily have been formed. With

g : rell treated,
3 Ses Colin’s *Traité de Fhys Aoy *Les Pigeons,’ p. 37.

Comp. des Apimaux Domesiiques,” I
‘"“-ril- P 996, where this subject is 7 Vol. i, 1854, p. 101,
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rezard to crossed varieties of plants, Mr. Beaton zemarks 38
that- Melville's extraordinary cross between the Scotch kals
and an early cabbageisas true and gennine asany on record ;"
but in this case no doubt selection was practised. Gértner ¢
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 ot
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 so 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 have taken the necessary pains to modify by
selection their commingled, crossed, and fluctuating stock.
Nevertheless, those animals which were best adapted to their
conditions of life would have survived through natural
gelection ; 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 wonders, as with many kinds of Roses,
Rhododendrons, Pelargoniums, Calceolarias, and Petunias,
Nearly all these plants can be propagated by seed, most of
them freely ; but extremely few or nons coma true hy sced.

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

u:; ‘Cottage Gardener,’ 1836, p. 3 ' Bastarderzogung,’ & 559,

.
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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
frequently originate from crossing is doubtful; that they
oceasionally 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 Hybridiswm, will be
given in the nineteenth chapter,
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CHAPTER XVI.

CAUSES WHICH INTERFERE WIFH THE FREE CROSSING OF
VARIETIES —INFLUENCE OF DOMESTICATION OX 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, VERDASCUM, WOLLY-
HOCK, GOURDS, MELONS, AND TOBACCO, RENDERED IN SOME DEGRER
MUTUALLY STERILE—DOMESTICATION ELDUNATES THE TENDENCY TO
STERILITY NATURAL TO SPECIES WHEN CROSSED—ON THE [INCREASED
FENTILITY OF UNCEBOSSED ANIMALS AND VPLANTS FEOM DOMESTICATION

AND CULTIVATION,

Tre domesticated races of both animals and plants, when
crossed, are, with extremely few exceptions, quite prolific,—in
gome cases even more =0 than the purely-bred parent-races,
The off-pring, also, raised from such crosses are likewise, as
wo shall gee 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 invm'iably
in some degree sterile ; and here there seems to exist a bread
and insnperable distinction between races and species. The
jmportance of this subject as bearing on the origin of species
is obvious ; and we shall hereafter recnr to it.

It is unfortunate how few precise observations have heen
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 snter se, ave indefinitely fertile; yet, if a shade of in:
fortility be détected by careful observation in the offspring of
nahu‘ai forms when crossed, it is thought that their

specifi
distinction is proved. But s0 many breeds of sheep, cattle
pigs, dogs, and poultry, have been crossed and reerosseq u;

various ways, that any utcrilit.y, if it had cxisted, would fmm
being injarious almost certainly have been ohserved, o

1 ¢« Journal de Physiolog.,’ tom. ii., 1839, p. 385,
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investigting the fertility of crossed varieties many sources of
doubt oesur.  Whenever the least trace of sterility between
two plants, however closely allied, was observed by Kélrenter,
and more especially by Giirtner, who counted the exact num-
ber of sced in each capsule, the two forms were at once ranked
as distinct species ; and if this rule be followed, assuredly if
will never be proved that varieties when cro-sed are in any
degree sterile.  We have formerly seen that certain breeds of
dozs do not readily pair together; but no observativms 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 distinet species; and
it wonld be scarcely possible to-ascertein 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 distinct breeds, recrossed by a third sub-variety. But it
would be extremely rash to infer that the loss of fertility was
in any manner connected with its crossed origin, for it may
with more probability be attributed either to long-continued
close interbreeding, or to an innate tendency to sterility
correlated with the absence of hackles and sickle tail-feathers.

Before giving the few recorded cases of forms, which must
be ranked as varieties, being in some degree sterile when
crossed, | may remark that other causes sometimes interfers
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.,'?
gavs that he can keep Bantams with the larger breeds without
much danger of their crossing, but not with the smaller
breeds, such as Games, Hamburgs, &e. With plants a
difference in the period of flowering serves to keep varicties
distinet, as with the various kinds of maize and wheat: thus
Colonel Le Couteur * remarks, *the 'l'nlaver:a wheat, from
flowering much earlier than any other kind, is sure to

2 Dec. 1873 p. 484 % On “The Varieties of Wheat,” p. 68,
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continue pure.” In different parts of the Falkland Islands
the cattle are breaking up into herds of different colows;
and those on the higher ground, which are generally white,
usually breed, as 1 am informed by Sir J. Sulivan, thres
months earlier than those on the lowland ; and this would
manifestly tend to keep the herds from blending.

(lertain’ 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 receive the fox more readily than will other
dogs; a female Australian Dingo in England attracted the
wild male foxes. But these differences in the gexual instinct
and attractive power of the various breeds may be wholly
due to their descent from distinet species. In Paraguay the
horses have much freedom, and an excellent observer ¢ believes
that the native horses of the same colour and size prefer
associating with each other, and that the horses which have
been imported from Entre Rios and Banda Oriental into
Paraguay likewise prefer associating together. In Circassia
six sub-races of the hirse have received distinet names; and
a native proprietor of rank® asserts that horses of three of
these races, whilst living a free life, almost always refuse to
mingle and cross, and will even attack one another.

It has been observed, in a district stocked with heavy
Lincolnshire and light Norfolk sheep, that both kiuds, though
bred together, when turned out, *“in a short time separate to
a sheep ; " the Lincolnshires drawing off to the rich soil, and
the Norfolks to their own dry light soil; and as long as thera
is plenty of grass, “ the two breeds keep themselves as

4 Rongger, ¢ Siugethiere von Para- n!ld D_e Quatrefages, in ¢Dall. Soe
gasy, s. 536, : 3 d'Acclimat.’ tom. viii, July, 1861
" See m monoir by MM Lherbette  p. 312, x
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distinct 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
pative black sheep are said not have readily mixed with the
ymported white sheep. It is a more curious fact that the
semi-monstrous ancon sheep of modern origin *have been
observed to keep together, separating themsclves 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
Fovest, 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 foral 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
instinct, 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 distinet breeds of pigeons, it frequently appeared to
me that the birds, though faithful to their marriage vOw,
retained somé desire after their own kind: Accordingly 1
asked Mr. Wicking, who has kept a larger stock of various
breeds together than any man in England, whether he thought
that they would prefer pairing with their own kind, suppos-
ing that there were males and females enough of each; and
Lie without hesitation answered that he was convineed that

& For the Norfolk sheep, see Mar-
shall’s * Rural Economy of Norfolk,”
vol. ii. p. 136, Ses Rev. L. Landt’s
¢ Description of Faroe,' p. 66. Yor
the ancon snep, se¢ * Phil. Transact.,
1813, p. 90.

YOL. 1L

t White's ¢ Nat. Hist. of Seibourne,’
edited by Bennest, p. 39. With respect
to the origin of the dark-colonred
Jeer, see ‘Some Account of English
Desr Parks, by E. P. Shirley, Esq.

@
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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 coupling with their own kind, in the same
manner as species in a state of nature, though in a much less
degree,

With respect to sterility from the crossing of domestic races, I
know of no well-ascertained case with animals, This fact, seeing
the great difference in structure between some breeds of pigeons,
fowls, pigs, dogs, &c., is extraordinary, in contrast with the stevilit
of many closely allied natural specics when crossed; but we shnﬂ
hereafter attempt to show that 1t is not so extraordinary as 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 case of sterility in crossed races rests on satisfactory evi-.
dence; but here is one which at first seems trustworthy. Mr,
Youatt,” and a betfer 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 generation the
cows were bad milkers; “in nddition to which, there was much
uncertainty whether the cows would conceive; and fall one-third'
of the cows among some of these half-breds failed to be in calf.”
This at first seems & good case : but Mr. Wilkinson states,” that a
breed derived from this same cross was actually established in
another part of England; and if it had failed in fertility, the fact
would surely have been noticed. Moreover, sup: ing that Mr.
Youatt had proved his case, it might be argued that the sterility
was wholly due to the two parent-breeds being descended from
primordially distinet species, 4 g

In the caso of plants Giirtner states that he fertilised thirteen
heads (and subsequently nine others) on a dwarf maize bearing

* ¢ The Dovecote,” by the Rev. E, 8. ® ¢ Cattle,’ p. 202,
Dixon, p. 155; Baechstein, * Natur- 3 Mr. J. Wilkinson, in * Remarks
gesch. Deatschlands,” Band i7., 1795,  addressed to Sir J Scbright,” 1820,
s 17, P 08 !
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iellow seed ' with pollen of & tall maize having red seed; and one
ead alone produced good seed, but only five in number.  Though
these plants are moncecious, and therefore do not require castration,
yet I should have suspected some accident in the manipulation, had
not Gartner expressly stated that he had during many years grown
these two varieties together, and they did not spontaneously cross:
and this, considering that the plants are moncecious and abound
with pollen, and are well known generally to cross freely, seems
explicable only on the belief that these two varieties are in some
degree mutually infertile. The hybrid plants raised from the above
five seeds were intermediate in structure, extremely variable, and
perfectly fertile’® In like manner Prof. Hildebrand* could not
succeed 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 same plant, which were fertilised
with their own pollen, yielded good seed. No one, I believe, even
suspects that these varieties of maize are distinet species; but had
the hybrids been in the least sterile, no doubt Girtner would at
once have go classed them. Tmay here remark, that with undoubted
species there is not necessarily any close relation between the
sterility of a first cross and that of the hybrid offspring. Some
gpecies can be crossed with facility, but produce utterly sterile
hybrids; others can be crossed with extreme difficnlty, but the
hybrids when produced are moderately fertile. I am not aware,
however, of any instance quite like this of the maize, namely, of a
first cross made with difficulty, bat yiclding Eerfectly fertile hybrids.’*
The following case is much more remarkable, and evidently per-
lexed Gartner, whose strong wish it was to draw a broad line of
sistjnch‘on between species and varietigs. In the genus Verbascum,
he made, during eighteen years, a vast number of experiments, and
crossed no less than 1085 flowers and counted their seeds. Many
of these experiments consisted in crossing white and yvellow varieties
of both V. Iycknitis and V. Wattaria with nine other species and
their hybrids, That the white and yellow flowered plants of these
two species are really varieties, no one has doubted ; and Giirtner
actually raised in the case of both spccicn one variety from the seed of
the other. Now in two of his works ' he distinctly asserts that crosses
between similarly-coloured flowers yield more seed than between
dissimilarly-coloured ; so that the yellow-flowered varviety of either
gpecies (and conversely with the white-flowered variety), when
erossed with pollen of its own kind, yields more seed than when

varieties of wheat became sterile in

1 ¢ Bastarderzeugung,’ s 87, 166.
See also the Table at the end of
volume,

12§ Bastarderzengung,' s, 87, 577,

13 ¢ Bot. Zeitung,' 1868, p. 327,

W Mr, Shirreff formerly thought
SGard. Chron.,” 1858, p. 771) that the
eflapring from a eross between certain

the fourth generation but he now
admits (* Improvement of the Cercals,
1873) that this was an error,

18 ¢ Konntniss der Befruchtung,” a,

' 187 ; ‘ Bastardarzeugung 5. 92, 181,

On raising the two varieties from seed,
see 5. 307,
G2
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rossed with that of the white variety; and so it is when differently
coloured species are crossed. The general results may be seen in the
Table at the end of his volume. In one instence be gives'® the
following details; but I must premise that Gartner, to avoid ex-
wzeerating the degree of sterility in his crosses, always compares the
mearimuwn number obtained from a cross with the average number
naturally given by the pure wmother-plant. The white variety of
V. lychnitis, naturally fertilised by its own pollen, gave from au
averuge of twelve capsules ninety-six gocd seeds in cach; whilst
twenty flowers fertilised with pollen from the yellow variety of this
game species, gave as the maximum only eighty-nine good seeds; so
that we have the proportion of 1000 to 908, according to Gartner's
usual scale. Ishould have thought it possible that so smalla difference
in fertility might have been accountesd for by the evil effects of the
necessary castration ; but Girtner shows that the white variety of V.
Dychnitis, when fertilised first by the white variety of V. blattaria, and
then by the yellow variety of this species, yielded geed in the propor-
tion of 622 to 438; and in both these cases castration was performed,
Now the sterility which results from the crossing of the differently
coloured varieties of the same species, is fully as great as that which
oceurs in many cases when distinet species are crossed. Unfertu-
nately Girtner compared the results of the first unions alone, and
not the sterility of the two sets of hybrids produced from the white
variety of V. lychnitis when fertilised by the white and yellow
varieties of V., blatéaria, for it js probable that they would have
differed in this respeet.

Mr. J. Scott has given me the results of a series of experiments on
Verbaseum, made by him in the Botanie Gardens of Edinburgh.™ He
repeated some of Girtner's experiments on distinet species, but
obtained only fluctuating résults, 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 similariy and dissimilarly-colonred
viricties of the same species. Thus he fertilised six flowers of the
yellow variety of V. Iychnitis by its own pollen, and obtained six
capsules; and calling, for the sake of comparison, the average
number of good seed in each of their capsules one hundred, he found
that 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
(irom gix capsules), and by the pollen of the yellow variety (eight
eapsules), 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 Y4 tly, the white variety of V. blattaria

W ¢ Bastarderzenguag, s 215 Enblishenl in *Journ. Asiatic Soc. cf
V' The results have since oeen  Bengal,' 1867, p. 145
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by its own pollen (cight capsules), and by that of the yellow varicty
(five capsules), yielded seed in the proportion of 100 to 79. So that
in every case the unions of similarly-coloured varieties of the same
species were more fertile than the unions of dissimilerly-coloured
vavicties ; when all the cases are grouped together, the difference of
fortility is- as 100 to 86. Some additional trials were made, and
altogether thirty-six similarly-coloured unions yielded thirty-five
good capsules ; whilst thirty-five dissimilarly-coloured unions yielded
only twenty-six good capsules. Besides the foregoing experiments,
the purple V. phaniceum was crossed by a rose-coloured and & white
variety of the same species: these two varieties were nlso crossed
together, and these several unions yielded less seed than V. phe-
niceum by its own pollen.  Hence it follows from Mr. Scatt’s experi-
menis, that in the genus Verbascum the similarly and dissimilarly-
eolonred varicties of the same species behave, when erossed, like
closely allied but distinet species.'*

This remarkable fact of the sexual affinity of similarly-colonred
varieties, as observed by Girtner and Mr. Scott, may not be of very
yare oceurrence ; for the subject has not been attended to by others.
The following case is worth giving, partly to show how difficult it
is to avoid error. Dr. Herbert® has remarked that variously-
coloured double varieties of the Hollyhock (Aithea rosea) may be
raiged with certainty by seed from plants growing close together.
T have been informed that nurserymen who raise seed for sale do
not separate their plants; accordingly I procured sced of eighteen
named varieties; of these, e¢leven varicties produced sixty-two
plants all perfectly true to their kind; and seven produced forty-
nine plants, half of which were true and half false. Mr. Masters of

1% The following facts, given by
Kolreuterin his © Dritte Forisetzung’
84, 14, 39, appear at first sight strongly
to confirm Mr. Scott’s and Girtner's
statements; and to a certain linited
extent they do so.  Kdlreuter asserts,
from innumerable observations, that
insects incessantly carry pollen from
one species and variety of Verbascum
to another; and I can confirm this
assertion; yet he found that the
white and yellow varieties of Verbas-
et lychnitis often grew wild mingled
together : moreover, he cultivated
these two varieties in considerable
numbers during four years in his
{urden. and they kept true by seed;

ut when he crossed them, they pro-
juced flowers of an intermediate tint,
Hence it might have been thought
shat, both - varieties must have a
srronger eleetive afiinity for the pollen

of their own variety than for that of
the other; this elective aflinity, I
mu{ add of each species for its own
pollen (Rélreuter, * Dritte Forts' s.
39, and Girtner, ¢ Bastarderz., passin)
being a perfectly well-ascortained
power. But the force of the fore-
going facts is much lessened by
Giirtner’s numerous experiments, for,
differently from Kolreuter, he never
once got (‘ Bastarderz.,' s. 307) an
intermediate tint when he erossed the
cellow and white flowered varieties
of Verbascum. So that the fact of
the white and yellow varieties keep-
ing true to thewr colour by seed does
not prove that they were not mutunl-
ly fertilized by the pollen earricd by
insects from one to the other,

1 ¢ Amaryllidaces,” 1837 p, 866,
Gartper has made a similar cbservas
tion.
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Canterbury has given me a more striking case; he saved seed from
a great bed of twenty-four named varieties planted in closely ad«
Joining rows, and each variety reproduced itself truly with only
sometimes a shade of difference in tint. Now in the hollyhock the
pollen, which is abundant, is matured and nearly ail shed before
the stigma of the same flower is ready to receive it;™ and as becs
covered with pollen incessantly fly from plant to plant, it would
appear that adjoining varieties conld not escape being crossed. As,
however, this ({oes not oceur, it appeared to me probable that the
pollen of each variety was prepotent on its own stigma over that of
all-other varieties, but I have no evidence on this point. Mr. C.
Turner of Slough, well known for his success in the cultivation of
this plant, informs me that it is the doubleness of the flowers which
prevents the bees gaining access to the pollen and stigma; and he
finds that it is diffienlt even to cross tmm artificially.. Whether
this explanation will fully account for varicties in close proximity
propagating themselves =o truly by seed, I do not know. ¢
e following cases are worth giving, as they relate to monecions
forms, which do not require, and consequently cannot have been
injured by, castration, Girou de Buzareingues crossed what he
designates three varieties of gonrd,® and asserts that their mutul
fertilisation is less easy in proportion to the difference which they
present. I am aware how imperfectly the forms in this gronp were
until recently known; but Sageret,® who ranked them aceording to
their mutual fextility, considers the three forms above alluded to as
varieties, as does a far higher authority, namely, M. Naudin.®
Sageret * has observed that certain melons have a greater tendency,
whatever the canse may be, to keep true than others; aud_M. Naudin,
who has had such immensze experience in this group, informs me
that he believes that certain varicties intercross more readily thn.n
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
fertile offspring, are ranked as varieties; but these forms when not
artificially crossed kept trne. Many other varieties, on the other
hand, in the same group cross with such facility, as M. Naudin
repeatedly insists, that without being grown far apart they cannot
Le kept in the least true. ;
Another case, though somewhat diffexent, may be here given, as

2 Kdlrouter first observed this fact, % ¢ Mémoire sur .es Cucurbitacow,'
Mém, de I'Acad. de St. Petersburg,” 1826, pp. 46, 53. g
vol, @it p. 127. Se also C. K, © S Annales des Se. Nab.' 4th
Sprengel, © Das Entdeckte Geheimniss,!  séries, tom. vi. M, Nondin considers
34

% 345, these forms as uondoubtedly varietics
* Namely, Barbarines, Pustissons,  of Ccwr'it 1 pego. .
Girsumons: * Annal. des Se. Nat” 3 ¢ AMém, Cncurt,,' p. 8,

tom. xxx., 1833, pp, 998 and 405,
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it is highly remarkable, and is established on excellent evidence.
Kolreuter minutely describes five varieties of the common tobacco,*
which were reci yrocally erossed, and the offspring were intermediate
in character and as fertile as their parents: from this fact Kolreuter
querred that they are really varieties ; and no one, as far as I can
discover, seems to have doubted that such is the case. He also
crossed reciprocally these five varieties with N. glutinosa, and they
yielded very sterile hybrids; but those raised from the var. perennis,
whether used as the father or mother plant, were not so sterile as
the hybrids from the four other varieties® So that the sexual
2apacity of this one variety has certainly been in some degree
modified, 2o as to approach in nature that of N. glutinosa.

Caar. XVL THE CROSSING OF VARIETIES.

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 yicld less
geed than other varieties of the same species. We shall
prescnt]y seo that the sexual functions of most animals and
plants are eminently liable to be affected by the conditions
of life to which they are exposed; and hereafter we shall

23 (Zweite Forts.,' s. 53, namely,
Nicotiana major tulgaris; (2) peren-
nis; (3) transylvanica; (4) a sub-
var. of the lust; (5) major latifol. fi.

alb.

2¢ Kolrouter was so much struck
ywith this fiict that he suspected that
a little pollen of N, glutinosa in one

of his experiments might have acci-,

dentally got mingled with that of
ar, perennis, and thus aided its for-
tilising power. But we now know
conelusively from Gilrtner (* Bastar-
derz,’ s. 34, 43) that the pollen of
two species never acts conjointly on &
third species ; still less will the pollen
of a distinct species, mingled with a
plant’s own pollen, if the latter be
present in sufficient quantity, have
any effect. The sole eflect of mingling
two kinds of pollen is to produce in
the same capsule seeds which yield
}lants, some taking after the one and
some nfter the other parent.

7 Mr. Scott has made some obser-
wations on the sbsolute sterility of a
purple nod white primrose (Primwia
vulgaris) when fortilised by pollen
from the common primrose (* Journal

of Proc, of Linn, Soc.,” vol. viil., 1864,
p-98) ; but these observations require
confirmation, I raised a number of
purple-flowered long-styled seedlings
from seed kindly sent me by Mr.
Scott, and, though they were all in
somo degree sterile, they were much
more fertile with pollen taken from
the common primrase than with their
own pollen. Mr. Scott has likewise
described s red equul-styled cowslip
(P. veris, ibid, p. 106), which was
found by him to be highly sterile
when crossed with the common cow=
slip; but this was not the case with
soveral equal -styled red seedlings
raised by me from his plant, This
variety of the cowslip preseats 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
furms combined in the same flower,
Hence it is not surprising that these
flowers should be spontaneousiy seif-
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 vavieties and
crossed species

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

This hypothesis was first propounded by Pallas,”® and has
been adopted by-several authors. I can find hardly any
direct facts in its support; but unfortunately no one has
compared, in the case of either animals or plants, the fertility
of 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
difficultics. Durean 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 Egilops and wheat, have perpetuated
themselves nnder culture since 1857, with a rapid but varying
increase of fertility in each generation. In 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 doctring
appears to me to be extremely strong. In the earlier chapters
T have shown that our various breeds of the dog are descended
from soveral wild species; and this probably is the case with
sheep. There can be 1o doubt that the Zebn 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 gpecies or races, We have good evidence

A Cxct, Acad. St Petersburg,’  (1st series), K‘ 61,

1780, part if, pp. 84, 100 3« Bull. Bot. Soc. de France,’ Dec
3 ¢ Annales des Se. Nat.' tom. 3xi,  27th, 1851, tom, viii. p. 612,
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that our domesticated pigs belong to at least two specific
types, S. scrofa and indiens. Now a widely extended analogy
lemls to the belief that if {hese several allied species, when
first reclaimed, had been crossed, they would have exhibited,
Doth in their first unions and in their hybrid oﬂ'xprihg. s0me
degree 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.

Increased 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 wonld hardly have deserved further notice,-had mot
some authors lately attempted to show that fertility increases
and decreases in an inverse ratio with the amount of food.
This strange doetrine has apparently arisen from individual
animals when supplied with an inordinate quantity of food,
and from plants of many kinds when grown on excessively
vich soil, as on a ‘dunghill, becoming sterile: but to this
latter poiut 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

B Quoted by Isid. Geoffroy St. the present subject has appeared ia
Hilaire, *Hist. Naturelle Générale!  Mr ferbert 51_""“3‘-“"5 ¢ Principles of
tom, ii, p. 476. Since this M5, has Biology,' vol. ii,, 1867, p. 457 et seq.
peen zent to press a full discussion «*
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breed four times yearly, and to produce each time at most
gix young; the tame rabbit breeds six or seven times yearly,
producing each time from four to eleven young; and
Mr. Harrison Weir tells me of a case of eighteen young
having been produced at a birth, all of which survived.
The ferret, though generally so closely confined, is more
prolifie than its suppo-ed wild prototype. The wild sow is
remarkably prolific; she often breeds twice in the year, and
bears from four to eight and sometimes even twelve young;
but the domestic sow regularly breeds twice a year, and would
breed oftener if permitted ; and a sow that produces less than
eight 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-
tains never produce more than one lamb at a birth, when
brought down to lowland pastures frequently bear twins.
This difference apparently is nut 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 been found dis-
advantageous in the northern islands of Scotland to allow
cows to boar calves before they are four years old.*

Birds offer still better evidence of incrensed fertility from domesti-
cation : the hen of the wild Gullus bun/iva lays from six to ten
eggs, a number which wonld be thought nothing of with the
domestic hen. The wild duck lays from five to ten eggs; the tame
one in the course of the year from eighty to one hundred. The wild
grey-lag goose lays from five to eight eggs; the tame from thirteen
to eighteen, and she lays a second time; as Mr, Dixon has remarked,
“ high-feeding, care, and moderate warmth induce a habit of proli-
fieacy which becomes in some measure hereditary.” Whether the
somi-domesticated dovecot pigeon is more fertile than the wild
rock-pigeon, C. livia, T know not; but the more thoroughly domesti-

32 Por cats and dogs, &c,, se¢ Bel-  wild sow, see Bochstoin's ¢ Naturgesch,
lingeri, in *Anpal. des Se. Nat,” 2nd  Deutschlands’ B. i., 1801, 5. 533 for
sories, Zoolog., tom. xit. p. 163, For  the domestic pig, Sidney’s edit, of
ferrets, Becgsh:in, ¢ Nuturgeschichte  Youatt on the Pig, 1860, p, 62, With
Deutschlands,” Band i., 1801, & 784,  respoct to  Lapland, see Acerbi's
795, For rabbits, ditto, s. 1123, 11815 “Travels to the North Cape,’ Eng.
and Bronn’s ¢ Geschichte der Natur.,”  translat, vol ii. p, 222, About the
B. 4, s 99, For mountain sh'el']'. Highland cows, sce Hogg on Sheep,
ditto, 5. 102, For the fertility of the  p, 293,
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eated breeds are nearly twice as fertile as dovecots: the latter,
however, when eaged and highly fed, become equally fertile with
house pigeons. 1 hear from J udge Caton that the wild turkey in
the United States does not breed when a year old, as the domesti-
cated turkeys there invariably do. The peahen alone of domesti-
cated birds is rather more fertile, according to some accounts, when
wild in its native Indian home, than in Enrope when exposed to our
much colder cliroate.®
With respect to plants, no one would expect wheat to tiller more,
and.each ear fo produce more grain, in poor than in rich soil; or to
get in poor =0il & heavy cmiv of peas or beans. Seeds vary so much
in number that it is difficult to estimate them; but on comparing
beds of carrots in & nursery garden with wild plants, the former
seemed. to produce about twice as much seed. Cultivated cabbages
yielded thrice as many pods by measure as wild cabbages from the
rocks of South Wales. The excess of berries produced by the culti-
vated asparagus in comparison with the wild plant is enormaus,
No doubt many highly cultivated plants, sueh as pears, pineapples,
bananas, sugar-cane, &c., areé nearly or quite sterile; and I am
inelined to attribute this sterility to excess of food and' to other
unnatural conditions; but to this subject I shall vecur.

Tn some cases, as with the pig, rabbit, &c., and with thuse
plants which are valued for their seed, the direct selection of
the more fertile individuals has probably much increased
their fertility; and in all cases this may have oceunrred in-
directly, from the better chance of some of the numerous
offspring from the more fertile individuals having been pre-
gerved, 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 fortility must be attribufed
to the more favonrable conditions of life imder which they-

have long existed.

S Yor the eggs of Gallus bankor,
see Blyth, in *Annals and Mag. of
Nat, Hist..,” 2nd series, vol. i, 1848,

. 456. For wild and tame ducks,
gllcgill{rrny, ¢ British Birds,” vol. v,
p. 873 ond * Die Enten,' 5. 87, For
wild geese, T Lloyd, ¢Scandinavian
Adventures; vol. ji. 1854, P. #13;
and for tame geess, ¢ Orpamental
Ponltry,' by Rev, E. S. Dixen, p. 159,
Ou the breeding of Pigeons, Pistor,
“Das Ganze der Taubenzucht,” 1831,
% 46; nod Boitard ana Corbié *Les

Pigeons,’ p. 158, With Tespect tc
peacacks, according  to Temminck
(* Hist. Nat. Gén. des Pigeons,” &c.,,
1813, tom. iL. p. 41), the hen laysin
Indin even as many as twenty eggs;
but neeording to Jerdon and another
writer (quoted in  Tegetmeier's
¢ Poultry Book,’ 1866, pp. 280, 281),
she there lnys only from four to nine
or ten eggs: in Englnad she is sabl,
in the * Poultry Book.' to lay five or
iz, but amother writer says from
cight to twelve eggs,
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CHAPTER XVIL

ON THE GOOD EFFECTS OF CROSSING, AND ON THE EVIL EFFECTS
OF CLOSE INTERDBREEDING.

DEFINITION OF CLOSE INTEREREEDING—AUGMENTATION 'OF MORMID TEN-
DENCIES—GENERAL EVIDEXCE OF THE GOOD EFFECTS DERIVED FROM
CROSEING, AND ON THE EVIL EFFECTS FROM CLOSE INTEREREEDING—
CATTLE, CLOSELY INTERBHED; HALY-WILD CATTLE LONG KEFT IN THE
BANE PARRS—SHEEP—FALLOW-DEER—DOGS, RANBITS, VIGS—DAN, ORIGIN
OF HI3 ABHORRENCE OF INCESTUOUS MARRIAGES—FOWLS—FIGEONS—HIVE~
BEFES—VFLANT, GENERAL CONSIDERATIONS ON THE BENEFITS DERIVED FROM
CROSSING—MELONS, FRUIT-TREES, PEAS, CALBAGES, WHEAT. AND FOREST-
TREES—ON THE INCREARED £1ZE OF HYBRID PLANTS, NOT EXCLUSIVELY
DUE TO THEIR STERILITY-~ON CERTAIN FLANTS WHICH FITHER XNOR-
MALLY OR ABNORMALLY ARE EELF-IMIOTENT, BUT ARE FERTILE, BOTH
ON THE MALE AND FEMALE SIDE, WHEN CROSSED WITH DISTINCT INDI-
VIDUALS EITHER OF TUE SAME OR ANOTHER EFECIES—CONCLUSION.

Tue gain in constitutional vigour, derived from an oceasional
cross between individuals of the same variety, 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
mare decisive. The evil results from close interbreeding are
difficult to detect, for they accumulate slowly, und differ
much in degree with different species ; whilst the pood 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 & confined arca, It bears in un

TS
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important manner on the influence of free intercrossing, in
obliterating individual differences, and thus giving uniformity
of character to the individuals of the same race or species; for
if additi.mal vigour and fertility be thus gained, the crossed
offspring 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 ghall
therefore discuss this subject at full length. As the facts which
prove the evil effects of close interbreeding are more copious,
though less decisive, than those on the good effects of crossing,
T shall, under each group of beings, begin with the former.
There is no diffiecnlty 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,” beeause, as we shall see.
different species of animals are differently affected by the
same degree of interbreeding. The pairing of a father and
daughter, or mother and son, or brothers and sisters, if carried
on during several generations, is the closest possible form of
interbreeding. But some good judges, for instance Sir J.
Sebright, believe that the pairing of a brother and sister is
much eloser 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
believed, loss of size, constitutional vigour, and fertility,
sometimes accompanied by a tendency to malformation.
Manifest evil does not usnally 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-
tingmishing between guch direct evil and the inevitable
augmentation of any morbid tendencies which may be latent
or apparent in the related parents. On the other hand, the
benefit from a cross, even when there has not been any very
close interbreeding, is almost invariably at once conspif:uous.
There is good reason to believe, and this was the opinion qf
that most experienced observer Sir J. Sebright,! that the evil

1 i{The Art of Improving the Breed, &e.,' 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 effeets perhaps almost as great a change in the
constitution as would result from an infusion of fresh blood."”
I hope to show in a future work that consanguinity by itself
counts for nothing, but acts solely from related organisms gene-
rally having a similar constitution, and having been exposed
in most cases to similar conditions. :
Thatany 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
bred animals which propagate their kind quickly. Many
physiologists attribute the evil exclusively to the combination
and consequent increase of morbid tendencies common to both
parents; and that this is an active source of mischief there
can be no doubt. 1t 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 capable of procreating
their kind. Close interbreeding, on the other hand, often
induces sterility ; and this indicates something quite distinet
from the augmentation of morbid tendencies common to both
parents. The evidence immediately to be given convinces me
that it is a great Jaw of nature, that all organic beings profif
from an occasional cross with individuals not closely velated
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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Knight, &o.,* have expressed the strongest conviction on the
impossibility of long-continued close interbreeding. Those
who have compiled works on agriculture, and have associated
mmch with breeders, such as the sagacious Youatt, Low, &ec.,
have strongly declared their opinion to the same effect.
Prosper Lucas, trusting largely to French authorities, has
come to a similar conclusion. The distingnished German
agriculturist Hermann von Nathusius, who has written the
most able treatise on this subject which I have met with,
concurs; and ‘as I shall have to quote from this treatise, I
may state that Nathusius is not only intimately acquainted
with works on agriculture in all languages, and knows the
pedigrees of our British breeds better than most Englishmen,
but has imported many of our improved animals, and is him-
self an experienced breeder.

Evidence of the evil effects of close inferbreeding can most
readily be acquired in the case of animals, such as fowls,
pigeons, &e., which propagate quickly, and, from being kept
in the same place, are exposed to the same conditions. Now
1 have inguired of very many breeders of these birds, and I
have hitherto not met with a single man who was not
thoronghly convinced that an occasional 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 theit
opinion, of deterioration, to make a cross. The purchase of a
frst-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 gcnurul consideration which has hed great influence
on my mind s, that with all hermaphradite animals and
plants, which it might have been thought wounld have per
petually fertilised themselves and been thus subjected for long
ages to the closest mtorbreedmg there is not a single species,
as far as I can discover, in which the structure ensures self-
fertilisation. On the contrary, there are in a multitude of

3 For Andrew Knight, see A, 227, Sir J. Sebright’s Treatise Lae
Walker, on * Intermarringe,’ 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,
as far as we can see, for any other end,

With Catéls there can be no doubt that extremely close inter-
breeding may be long carried on advantageously with respect to
external characters, and with no manifest evil as far as constitution
is concerned. The case of Bakewells Longhorns, which were
closely interbred for a long period, has often been quoted; yet
Youatt says® the breed “ had acquired a delicacy of constitution
inconsistent with common management,” and “ the propagation of
the species was not always eertain.” But the Shorthorns offer the
most striking case of close interbreeding; for instunce, the famous
bull Favourite (who was himgelf the oftspring of a half-brother and
sister from Foljambe) was matched with his own daunghter, grand-
daughtor, and great-granddaughter; so that the produce of this
last union, or the grent-great-granddaughter, had 15-16ths, or
U375 per cent. of the blood of Favourite in her veins, This cow
was matched with the bull Wellington, 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 highest prices. Bates’s herd was esteemed the
most cclebrated in the world. For thirteen ycars he bred most
clogely in and in; but during the next seventeen years, thouw h he
bad the most exalted notion of the value of his own stock, he thrice
infused fresh blood into his herd : it is smid that he did this, not to
improve the form of his animals, but on account of their lessened
fertility, Mr, Bates's own view, as given by a celebrated breeder,®

$ ¢Cattle! p. 199,

the dams are given. Morcover, Cla-
5 ] give this on the authority of

Nathusius, *Ueber Shorthorn KRind-
vieh," 1857, 5. 71 (sec also * Gardener's
Chronicle,” 1860, p. 270). But Mr.
J. Storer, a large breeder of cattle,
informs me that the parentage of
Clarissa is not well nuthenticated, In
the first vol. of the * Herd Book,' she
was cntered as baving six descents
from Favourite, “ which was a palpa-
nle mistake,” and in oll subsequent
alitions she was spoken of as having
anly four descents, Mr. Storer doubts
even about the four, as no names of

yisen bore *only two bulls and one
heifer, and in the next generation her
progeny became extinet.”  Analogous
cases of close interbreeding are given
in & pamphlet published by Mr. C.
Macknight and Dr. H. Madden, ¢On
the True Principles of Preeding;’
Melbourne, Australia, 1865,

% Mr, Willoughby Wood, in ‘Gar
dener's Chronicle,” 1853, p. 4113 and
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 within
certain limits when the parents so related are descended from first-
rate animuls.,” We thus see that there has been much close inter-
breeding with Shorthorns; but Nathpsius, after the most careful
study of their pedigrees, says that he can find no instance of a
breeder who has strictly followed this practice during his whole
life. From this study and his own experience, he 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
high authority 7 asserts that many more calves are born cripples
from Slhorthorns than trom other and less closely interbred races
of cattle,

Although by carefully sclecting the best animals (as Nature
affectually does by the law of battle) close interbreeding may be
long carried on with cattle, yet the good effects of a eross between
akimost any two breeds is at once shown by the greater size and
vigour of the offspring; as Mr. Spooner writes to me, “ crossin
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 parts of England to
be slanghtered ; ® and their merit is now so fully recognised, that
at fat-cattle shows a separate class bas been formed for their re-
ception. The best fat ox at the great show at Islington in 1862
was a crossed animal,

The half-wild cattle, which have been kept in British ks pro-
bably for 400 or 5X) years, or even for a longer period, have been
advanced by Culley and others as a case of long-continued inter-
breeding within the limits of the same herd without any consequent
injury. With respect to the cattle at Chillingham, the late Lord
Tankerville owned that they were bad breeders® The agent, Mr.
Hardy, cstimates (in a letter to me, dated May, 1861) that in the
herd of about fifty the average number annually slaughtered, killed
by fighting, and dying, is about ten, or one in five. As the herd
is kept up to nearly the same average number, the annual rate of
inerease must be likewise abont one in five. The bulls, I may add,
engage in furious battles, of which battles the present Lord Tan-
kervilie has given mo a graphic deseription, so that there will
always be rigorous selection of the most vigorous males. I lpro-
cured in 1855 from Mr. D. Gardner, agent to the Duke of Hamilton,

! Mr, Wright, ‘Journal of Royal  bred his herd in-and-in for some years,
Agricult. Soc.,” vol. vii,, 1846, p. 204,  “Jost in one scason twenty -eight
Mr. J. Downing (a successful breeder  calves solely from want of constitue
of Shorthorns in Ireland) informs me  tion.”
that the raisers of the great families * Youatt on Cattle, p. 202,
of Shorthorns carefully conceal their # ¢ Report British Assoc., Zoolog
sterility nnd want of copstitution, He  Sect.,” 1838,
adds that Mr. Batss, ofter be had

VOL. 1L "
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the following account of the wild eattle 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 cight to ten; so that the
annual rate of increase can harvdly be more than one in six. Now
in South America, where the herds are half-wild, and therefore
offer a nearly fair standard of comparison, according to Azara the
natural increase of the cattle on an estancia is from one-third to
one-fourth 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 the half-wild British cattle which have long
interbred within the limits of the same herd are relatively far less
fertile. Although M an unenclosed country like Paraguay there
must be some crossing between the different herds, yet even there
the inhabitants believe that the occasional introduction of animals
from distant localities is necessary to prevent “ degeneration in gize
and diminution of fertility."* The decrease in size from ancient
times in the Chillingham and Hamilton cattle must have been pro-
digious, for Professor Rutimeyer has shown that they are almost
certainly the descendants of the gigantic Pes primigenius. No
doubt this decrease in size may be largely attribunted to less favour-
able conditions of life; yet animals roaming over large parks, and
fed duoring severe winters, can hardly be considered as placed under
very unfavourable conditions. :

With Shesp there has often been long-continued interbreeding
within the limits of the same flock; but whether the nearest rela-
fions have been matched so frequently a8 in the case of Shorthorn
cattle, I do not know. The Messrs. Brown during fifty years have
never infused fresh blood into their excellent flock of Leicesters,
Since 1810 Mr. Barford has acted on the same prineiple 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 not pride himself on breedin
from the nearest affinities.” In France the Naz flock has been breg
for sixty years without the introduction of a single strange ram.!
Nevertheless, most great breeders of sheep have protested against
close interbreoding prolonged for too great a length of time!* The
most celebrated of recent breeders, Jonas Webb, kept five separate
families to work on, thus “ retaining the requisite distance of rela-
tionship between the sexes;”* and what is probably of greater
importance, the separate flocks will have been exposed to somewhat
different conditions.

1 Azara, ‘Quadrupddes du Para-  flock, ‘Bull, de la Soc. d"Acclimat.,’
guay,’ tom. ii, pp. 354, J68. 1800, p. 477.

W Por the case of the Messts, '# Nathusius, *Rindvich, = 63:
Brown, see ¢ Gard. Chronicle,” 1855, Youatt on Sheep, p. 495. i
z. 268, For the Yoscote Hock, ‘Gn_nl. 30 Gard, Chaonicle," 1851, v. €31
Shron.,” 1860, p. 416. For the Naz v



Crar. XVIL EVIL FROM INTERBREEDING. 99

Although by the aid of careful selection the near interbreeding

of sheep may be long continued without any manifest evil, yot it
has often been the practice with farmers to cross distinet breeds to
obtair apimals for the butcher, which plainly shows that goad of
egome kind is derived from this practice, We have excellent evi-
dence on this head from Mr. 8. Druce* who gives in detail the
comparative numbers of four pure breeds and of a cross-breed
which can be supported on the same ground, and he gives their pro-
duce in flecce and carcase. A high authority, Mr, Pusey, sums up
the result in money value during an equal length of time, namely
g;eglccﬁng shillings), for Cotswolds 2487, for Leicesters 223/, for
southdowns 2047, for Hampshire Downs 2647, and for the cross-
bred 2987 A former celebrated breeder, Lord Somerville, states
that his half-breeds from Ryelands and Spanish sheep were larg.
animals than either the pure Ryelands or pure Spanish sheep.
Mz. Spooner concludes his excellent Essay on Crossing by asserting
that there is a pecuniary advantage in judicions cross-brecding,
especially when the male is larger than the female®

‘As some of our British parks are ancient, it ocenrred to me that
there must have been long-continued close interbreeding with the
fallow-deer ( Cervus dama) kept in them ; but on inquiry I find that
it iz & common practice to infuse new blood by procuring bucks
from other parks. Mr. Shirley,’" who has carefully studied the
management of deer, admits that in some parks there has been 10
admixture of foreign blood from a time beyond the memory of man.
But he concludes © that in the end the constant breeding in-and-in
w iz gure to tell to the dizadvantage of the whole herd, though it
« may {ake a very long time to prove it; moreover, when we find,
# ag 15 very constantly the case, that the introduction of fresh Llood
« has been of the very greatest use to deer, both by improving their
« gize and appearance, and particularly by being of service in re-
« moving the taint of ‘ rickback,” if not of other diseases, to which
« deer are sometimes subjoct when the blood has not been changed,
“ there can, I_thmk, be no doubt but that a judicious cross with a
« good stock is of the greatest consequence, and is indeed essential,
« gooner or later, to the prosperity of every well-ordered park.”

Mr. Meynell’s famous foxhounds have been adduced, as showing
that no ill eficcts follow from cliee interbreeding; and Siv J.
Sebright ascertained from him that he frequently bred from father
and danghter, mother and son, and sometimes even from brothers
and sisters.  With greyhounds also there has been much close
interbreeding, but the best brecders agree that it may be carried

‘

14 ¢ Journal R. Agricult. Soe.,” vol.
xiv., 1853, p. 212,

15 Lord Somervills, ‘Facta on
Sheep and Husbandey,” p. 6. M=n
Spooner, in ¢ Journal cf Royal Agri-
sult. Sce. of England,’ vol. xx. part

fi. See also an excellent paper on
the same subjectin ¢ Gard. Chronicle,”
1860, p. 321, by Mr. Charles Howsard,
1% s Spme Account of English Deer
Parks,’ by Evelyn P. Shirley, 1867,
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too fari® But Sir J. Sebright, declares,” that by breeding in-and-in,
by which he means matching brothers and sisters, he has actuall
geen the ofiepring of strong spaniels dogenerate into weak ant
diminutive lapdogs. The Rev. W. D, Fox has communicated to
me the case of a small lot of bloodhounds, long kept in the same
family, which had become very bad breeders, and nearly all had a
bony enlargement in the tail. A single cross with a distinet strain
of bloodhounds restored their fertility, and drove away the tendency
to malformation in the tail 1 have heard the particulars of an-
other caze with bloodhounds, in which the female hiad to be held to
the male. Considering how rapid is the natural increase of the
dog, it is difficult to understand the large price of all highly im-

roved breeds, which almost implies long-continued close inter-
{:meding, except on the belief that this process lessens fertility
and inereases liability to distemper and other diseases. A high
authority, Mr, Scrope, attributes the rarity and deterioration in
size of the Scotch deerhound (the few individuals formerly existing
throughout. the country being all related) in large part to close
interbreeding.

With all highly-bred animals there is more or less difficulty in
getting them to procreate quickly, and all suffer much from delicacy
of constitution. A great judge of rabbits® says, “ the long-eared
does are often too highly bred or forced in their youth to be of much
value as breeders, often turning out barren or bad mothers.”
They often desert their young, so that it is necessary to have
nurse-rabbits, but I do not pretend to attribute all these evil resuits
to close interbreeding™

With respect to Pigs there is more unanimity amongst breeders
on the evil effcets of close interbreeding than, perhaps, with any
other large animal. Mr. Druce, a great and successful breeder of
the Improved Oxfordshires (a crossed race), writes, “without a
change of boars of a different tribe, but of the same breed, constitu-
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tion cannot be preserved.” Dr.

Fisher Hobbs, the raiser of the

17 Stonehenge, ¢ The Dog,’ 1867, pp.
175-188.

1 (The Art of Improving the
Breed,” &e,, p. 13. With respect to
Scotch deerkounds, see Scrope’s ©Art
of Deer Stalking,” pp. 850-353.

19 ¢ Cottgge Gardener,’ 1861, p, 327,

20 Mr, Huth gives (* The Marrizge
of Near Kin,' 1875, p. 302) from the
¢ Bulletin de PAcad. R. de Méd, de
Belgique’ (vol, ix., 1866, pp. 287,
805, soveral statements made by a
M. Legrain with respect to crossing
brother and sister rabbits for five or
#8ix successive generations with no
conrequent evil results, I was so
much surprised at thi= account, and

at M. Legrain's invariable success
in his experiments, that 1 wrote to a
distinguished naturalist in Belgium
to inquire whether M. Legrain was
trustworthy obsorver. In answer, |
have heard that, as doubts were q.'\x-
pressed about the anthenticity of thess
experiments, a commission of inquiry
was appointed, and that at a sy
ceeding meeting of the Society (¢ Bul)
de PAcad. R. do Méd. de Belgique)
}BG-, 3rd series, Tome 1, No, 1 g:;
5), Dr. Croeq reporsed “quil étaj
matériollement impossible que Mc th
grain ait fait les expéricuces 'u.":;
unnence.”  To this publie scrusg:lt‘ :
Lo satisfuctory answer was m:.--’:.. o
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celebrated Improved “Essex breed, divided his stock info three
geparate families, by which means he maintained the breed for
more than twenty years, “by judicious sclection from the fhres
distinct families”*  Lord Western was the first importer of a
Neapolitan boar and sow. “From this pair he b in-and-in,
until the breed was in danger of becoming extinet, a sure result
(as Mr, Sidney remarks) of in-and-in breeding.”. Lord Western
then crossed his Nm:(]]uohmn pigs with the old Essex, and made the
first great step towards the Improved Essex breed. Here is & more
interceting case. Mr. J. Wright, well known as a breeder, crossed *
the same boar with the daughter, granddaughter, and great-grand-
daughter, 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,
without sense, even to suck, and when attempting to move could
not walk straight. Now it deserves especial nolice, that the two
last sows produced by this long course of intorhrea'ling were sent
to other boars, and they bore several litters of healthy pigs. The
best sow in external appearance produced during the whole seven
generations was one in the last stage of descent; but the lLitter
consisted of this one sow. She would not breed fo her sire, yet
bred at the first trial to a stranger in blood. So that, in Mr.
Wright's cnse, long-continued and extremely close interbrecding
did not affect the external form or merit of the young; but with
many of them the general copstitution and mental powers, and
especially the reproductive functions, were seriously aftected,
Nathusius gives® an analogous and even more striking case: he
imported from England a pregnant sow of the large Yorkshire
breed, and bred the product elosely in-and-in for three generations:
the result was unfr}v_oumblc, as the yonng were weak in eonstitution,
with impaired fertility. One of the latest sows, which he esteemed
a good animal, produced, when paired with her own uncle (who was
known to be productive with sows of other breeds), a litter of six,
and a second time a litter of only five weak young pigs. He then
aired thie sow with a boar of a small black bmes, which he had
ikewise imported from England; this boar, when matched with
sows of hig own breed, produced from seven to nine young. Now,
the sow of the large breed, which was so unproductive when paired
with her own uncle, yielded to the small black boar, in the first
litter twenty-one, and in the second litter eighteen young pigs; so
that in one year she produced thirty-nine fine young animals
As in the case of several other animals already mentioned, even

21 Ridney’s edit. of ¢ Youatt on the

Pig,' 1860, p. 305 Pp. 83, quotation
from Mr. Druce; p. 20, on Lord
Western's case.

22 ¢ Journul of Royal Agricult, Soe.
of England,’ 1846, vol. vii. p. 205,

23 & Jeber Rindvich, &, s 78,

Col. Lo Couteur, who has done. so
much for the agriculture of Jersey,
writes to me that from possessing s
fine breed of pigs he bred them very
clmcl)'_. twice p«iring brothers aad
sisters, but nearly all the young had
fits and died suddealy.
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when no injury is perceptible from moderately elose interbreeding,
yot, to quote the words of Mr. Coate (who five times won the annuul
gold medal of the Smithfield Club Show for the best pen of pigs),
“ Orosszes answer well for profit to the farmer, as you get more
¢ constitution and quicker growth; but for me, who sell a reat
“ number of pigs for breeding purposes, I find it will not do, as
:‘l it rpquifes many years to get anything like purity of blood
* again,”

Alinost all the animals as yet mentioned are gregarious,
and the males must frequently pair with their own daughters,
for they expe! the young males as well as all intruders, until
fl:;ged by old age and loss of strength to yield to some stronger
nale. T w therefore not improbable that gregarious animals
may have' been rendered less susceptible than non-social
gpecies to the evil consequences of close interbreeding, so
that they may be enabled to live in herds without injury
to their offspring. Unfortunately we do not know whether
an animal like the cat, which is not gregarions, would suffer
from elose interbreeding in a greater degree than our other
domesticated animals. But the pig is not, as far as 1 can
discover, stiictly gregarions, and we have seen that it appears
eminently liable to the evil effects of close interbreeding.
My. Huth, in the case of the pig, attributes (p. 285) these
cffects to their having been © cultivated most for their fat,” or
to the selected individuals having had a weak constitution ;
but we must remember that it is great breeders who have
bronght forward the above cases, and who are far more
familiur than ordinary mencan he, 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
diffienlt subject, on which I will say but little. 1t has been
discussed by various authors under many points of view.*

% Qidney on the Pig, p. 56. Sew

also note, p. 34, Also Richardson on
the Pig, 1847, p. 26.

# Dg Dally has published an excel-
lent arti.le (translated in the * Anthro-
polog, Review,” May, 1864, p. 65),
eriticising il writers who have main-
tained that ovil follows from con-
ennguineons marriages. No doubt on
this side of the question many adve-

entes have injured their canse by in-
accuracies : thus it has been stated
{(Dovay, *Du Danger des Maringes,'
&c., 1862, p. 141) that the marrisges
of cousing have been prohibited by
the legislature of Ohioj but 1 have
been assured, in answer to inquiries
mnde in the United States, that this
statement is o mere fable.
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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
rule, which are fully given by Mr. Huth.** It is a curious
problem how these prohibitions arose during early and
barbarous times. Mr. Tylor is inclined to attribnto them to
the evil effects of consanguineous marriages having been ob-
served ; and heingeniously attempts to explain some apparent
anomalies in the prohibition not extending 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 wounld 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 feelings to confuse, and who are not likely to
reflect on distant evils to their progeny. According to Mr.
Huth the feeling is the indirect result of exogamy, inasmuch
as when this practice ceased in any tribe and it became
endogamons, so that marriages were strictly confined to the
same tribe, it is not unlikely that a vestige of the former
practice would still be retained, so that closely-related
marrisges would be prohibited. With respect to exogamy
jtself Mr. MacLennan believes that it arose from a scarcity
of women, owing to female infanticide, aided perhaps by
other causes.

It has been clearly shown by Mr. Huth that there is no

2 Sec his interesting work on the  judgment and caution. See also Mr.

¢ Early History of Man,” 1865, chap. x.

27 «The Marriage of Near Kin,'
1875. The evidence given by Mr.
Huth would, I think, have beon even
mora valuable than it is on this and
tomae other points, if he had referred
solely to the works of men who had
long resided in each country referred
to, and who showed that they possessod

W. Adata, ¢ On Consanguinity in Mar-
riage’ in the ‘Fortoightly Review,’
1865, p. 710, Also Hofacker, * Ueber
die t,'ig»nft',hnﬁen" &e,, 18080

% i G. Grey's *Journal of Expe-
ditions into Aunstralia,’ vol.ii. p. 243
and Dobrizhotier, * On the Abipones
South America,’
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instinctive feeling in man against incest any more than in
gregarious animals. We kuow also how readily any prejudice
or feeling may rise to abliorrence, 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 haye
been more excited by strange 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 ofispring of such marriages surviving in greater
numbers, as analogy would leud us to believe would have
oceurred.

Whether consanguineous marriages, such as are permitted
in civilised nations, and which would not be considered as
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 cowme fo the conclusion, from his
own researches and those of Dr. Mitchell, that the evidence ag
to any evil thus caused is conflicting, but on the whole points
to the evil being very small.

Birds—In the case of the Fou! a whole array of authorities
could be given against too close interbreeding. Sir J. Sebright
positively asserts that he made many trials, and that his fowls
when thus treated, became long in the legs, small in the body, and
bad breeders® He produced the famous Sebright Bantams by
complicated crosses, and' by breeding in-and-in; and since his tima
there las been much close interbreeding with these animals; anq
thoy are now notoriously bad breeders. 1 have seen Silver Bantams
directly descended from his stock, which bad become almost ag
barren as hybrids; for not a single chicken had been that year

e s e——

# ¢ Descent of Man, 2od. edit p.  Review,' June, 1375,
3 N i The Art of 1
3 & Journal of Statistical Soe.” Jute,  Bred,’ p. 13,
1875, p. 153; and * Fortaightly

mp!‘ovigg the
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hatched from two full nests of eggs, Mr. Hewitt says that with
these Bantams the sterility of the male stands, with rare exceptions,
in the closest relation with their loss of certain secondury 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 elongation by only half an inch of the two
¢ principal tail feathers—brings with it improved probability ot
“ inereased fertility.”®

Mr. Wright states® that Mr. Clark, “ whose fighting-cocks were
“ 50 notorious, continued to breed from his own kind till they lost
« their disposition to fight, but stood to be cut up withont making
“ any resistance, and were so reduced in gize as to be under those
“ weights required for the best prizes; but on obtaining a cross °
« from Mr. Leighton, they again resumed their former courage and
+ weight.” It should be borne in mind that game-cocks befors they
fought were always weighed, so that nothing was left to the imag-
nation abont any reduction or increase of weight. Mr. Clark does
not 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 danghter, than from o mother with her son.
I may add that Mr. Eyton, of Eyton, ‘hie well-known ornithologist,
who is a large breeder of Grey Dorkings, informs me that they
certainly diminish in size, and become less prolific, unless a cross
with another strain is occasionally 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
is well known, seldom long maintains the superiority of his birds;
and this, he adds, undoubtedly is due to all his stock “being
of the same bloed;” hence it is indispensable that he should
occasionglly r]mcuro a bird of another strain. But this is not
necessary with those 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 mnot necessarily
cause deterioration; “ but all depends upon how this is managed.”
« My plan has been to keep about five or six distinet runs, and
“ 4o pear about two hundred or three hundred chickens each year,

Cuar. XVIL, EVIL FROM INTERBREEDING.

«and select the best birds from each run for crossing. I thus

« gapure sufficient crossing to prevent deterioration.

32 «The Poultry Book," by W. B.
Tegetmeier, 1805, p. 245,

33 & Journa) Royal Agricult. Sec.,’
1848, vol. vil. p. 203 ; see nlso Fergu-
son on the Fowl, pp. 85, 317 see slso
¢The Poultry Book,” by Tegetmeier,
1866, p. 135, with respect to the
extent to which cock-fighters found
that they could vepture to breed in-

2 36

and-in, viz., occasionally a hen with
her own son ; “but they were cautivus
not to repeat the in-und-in breeding.”
34 *The Poultry Book,' by W. B,
Tegu(meicr. 1846, p. 79,
¢The Poultry Chronic'e,’ 1854,
vol. i. p. 43.
# ¢The Poultry Book, “y W. B,
Tegoetmeier, 1866, p. 79.
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We thus sce that there iz ulmost complete unanimity with
poultry-breeders that, when fowls are kept at the same place,
evil quickly follows from inferbreeding ecarried on to an extent
which would be disregarded in the case of most quadrupeds.
Moreover, it is a generally received opinion that cross-bred
chickens are the hardiest and most easily reared.” Mr. Tegetmeier,
whohas carefully attended to poultry of all breeds, says® that
Dorking hens, allowed to run with Hondan or Crevecceur cocks,
“produce in the early spring chickens that for size, lmrdihood,
“early maturity, and fitness for the market, surpass those of any
“pure breed that we have ever raiscd.” Mr. Hewitt gives it as
a general rule with fowls, that erossing the breed increases their
gize, He makes this remark after stating that hybrids from
the pheasant and fowl are considerably larger than either progenitor:
£0 again, hybrids from the male golden pheasant and female common
pheasant “are of far larger size than either parent-bird.”*® To
this subject of the increased size of hybrids I shall presently return.

With Pigeons, breeders are unanimous, as previously stated,
that it is absolutely indispensable, notwithstanding the trouble
and expense thus caused, oceasionally to eross their much-prized
birds with individuals of another strain, but belonging, of course,
to the same variety. It descrves notice that, when size i one
of the desived characters, as with pouters,® the evil effects of close
interbreeding are much sooner perceived than when small birds,
guch az short-faced tumblers, are valued. The extreme delicac
of the high fancy breeds, such as these tumblers and improve
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 highl{-priz{.d birds have invariably been subjected to much
close interbreeding, yet their extreme delicacy of constitution
cannot perhaps be thus fully explained. Mr. Yarrell informed me
that Sir J. Sebright continued closely interbreeding some owl-

igeons, until from their extreme sterility he as nearly as possible
ost -the whole family. Mr. Brent® tried to raise a breed of

trumpeters, by crossing a common pigeon, and recrossing the
daughter, granddaunghter, great-granddanghter, and great-great-
granddaughter, with the same male trumpeter, nntil he obtained
a bird with 3% of trumpeter's blood; but then the experiment
failed, for “breeding so close stopped reproduction.” The ex-
perienced Neumeister ** also asserts that the offspring from dove-
cotes and various other breeds are “generally very fertilo and

¥ ¢The Poultry Chronicle,’ vol. i. 49 4 A Treatise on Fancy Pigeons?
p. 89, by J. M. Eaton, p. 56.
* ¢The Poultry Back,' 1866, p. 1 “The Pigeon Book,' p. 46,
210, 4% ¢Das Goanze der Tanbenzucht,'
. 1bid. 1886, p, 167 ; and ‘ Foltry 1837, & 18,
Chronicle,” vol. tii., 1855, p. 15.
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hardy birds:” so again, MM. Boitard and Corbié,* after forty-five
rears’ experience, recommend persons to cross their breeds for
amusement ; for, if they fail to make interesting birds, they will
succeed under an economical point of view, “as it is found that
mongrels are more fertile than pigeons of Pum race.” i

T will refer only to one other animal, namely, the Hive-bee,
because a distinguished entomologist has advanced this as ascase
of inevitable close interbreeding. As the hive is tenanted by &
single female, it might have %een thought that her male and
female offspring would always have bred together, more especially
as bees of different hives are hostile to each other; a atmn;;ie worker
boing almost always attacked when frying to enter another hive.
But Mr. Tegetmeier has shown* that this instinet does not apply
to drones, which are permitted to enter any hive; so that there
is no & priori improbability of a queen receiving a foreign drone.
The fact of the union invariably and necessarily taking place
on the wing, during the queen’s nuptial flight, seems to be & special
provision ageinst continued interbreeding. However this may be,
experience has shown, since the introduction of the yellow-ban
Ligurian race into Germany and England, that bees freely eross:
Mr, Woodbury, who introduced Ligurian bees into Devonshire,
found during a single season that three stocks, at distances of from
one to two miles from his hives, were crossed by his drones.
Tn one case the Ligurian drones must have flown over the city
of Exeter, and over several intermediate hives. On _another
vocasion several common black queens were crossed by Ligurian
drones at a distance of from one to three and a half miles.”

Planis.

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

With respect to individuals belonging to the same sub-variety,
Giirtner, whose acouracy and experience exceeded that of all other
observers, states *° that he has many times observed good effects
from this step, especially with exotie genera, of which the fertility
is somewhat impaired, such as Passiflora, Lobelin, Fuchsia.

43 ¢ Les Pigeons,' 1824, p. 85, pp. 89, 77, 158 and 1864, p. 206,
4 ¢ Proc. Entomolog. Sec.,! Aug. 4 ¢ Beitrige zur Kenntpiss sey
6th, 1860, p. 126, Befruchty ng,” 1844, 5. 366,

¢ ¢ Journal of Horticulture,' 1861,
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Herbert also says,” “I am inclined to think that T have derived
“gadvantage from impregnating the flower from which I wished
“ 4o obtain seed with pollen from another individuai of the same
“variety, or at least from another flower, rather than with ita
“own.” Again, Professor Lecoq ascertained that erossed offspring
are more vigorous and robust than their parents,*®

General statements of this kind, however, can seldom be fully
trusted : I therefore began a long series of experiments, eontinued
for about ten years, which will I think conclusively show the
good effects of crossing two distinet plants of the same variety,
and the evil effects of long-continued self-fertilisation. A clear
light will thus be thrown on such questions, as why flowers are
almost invariably constructed so as to permit, or favour, or necessi-
tate the union of two individuals. We shall clearly understand
why moncecious and dicecious,—why dichogamous, dimorphie and
trimorphic plants exist, and many other such cases. T infend soon
to publish an account of these experiments, and T can here give only
a few cases in illustration. The plan which I followed was to fraloys
plants in the same pot, or in pots of the same size, or close together in
the open ground ; carefully to exclude insects; and then to fertilise
gome of the flowers with pollen from the same flower, and others
on the same plant with pollen from a distinet but adjoining plant.
In many of these experiments, the crossed plants yielded much
more sced than the self-fertilised plants; and I bave never seen
the reversed case. The self-fertilised and crossed seeds thug
obtained were allowed to germinate in the same glass vessel on
damp sand; and as the sceds germinated, they were planted
in pairs on opposite sides of the same pot, with o superficial
vartition between them, and were placed 50 as to be equally ex.
posed to the light. In other cases the self-fertilised and crossed
seeds were simply sown on opposite sides of the same small pot.
I have, in short, followed different plans, but in every case have
taken all the precautions which I could think of, so that the two
lots should be equally favoured. The growth of the plants raised
from the crossed and self-fertilised seed, were carefully observed from
their germination to maturity, in species belonging to fifty-two
geners; and the difference in their growth, and in withstanding
unfavourable conditions, was in most cases manifest and strongly
marked. It is of importance that the two lots of sced should b{)
gown or planted on opposite sides of the same pot, so that the 8o
lings may struggle against each other; for if sown separately in
ample and good soil, there is often but little difference in theiy growth

I will briefly describe two of the first cases observed by me.
Bix crossed and six self-fertilised seeds of Jpomaa purpures from
plants treated in the manner above dum:rlbcd.. were planted g s0on
as they had germinated, in pairs on opposite sides of two pots
and rods of equal thickness were given them to twing up. Five

# ¢ Amargllidacam,’ p. 87 ** ‘Dala Fécondation,’ 2nd wit,, 1862, 1, 7.
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of the crossed ylants 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 Iast its sonnder constitution prevailed
and it shot ahead of its antagonist. As soon as each crossed plant
reached the top of its seven-foot rod its fellow was measured, and
the resnlt was that, when the crossed plants were seven feet high
the self-fertilized had attained the average height of only five feet
four and a half inches. The erossed plants flowered o little before,
and more profusely than the self-fertilised plants. On opposite
gidles of another small pot a large number of crossed and self-
fortilised secds were sown, so that they had to st.mggle for bare
existenco ; a single rod was given to each lot: hereagain the crossed
plants showed from the first their advantage; they never quite
reached the summit of the seven-foot rod, but relatively to the
geli-fertilised plants their average height was as seven feet to five
feet two inches. The experiment was repeated during several
sncceeding 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 self-fertilised, produced only 84
capsules.

ISomo 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 pot. The seedlings were at first equal in
height; but when the young crossed plants were half an inch,
the sclf-fertilised l‘p!.ants were only a quarter of an inch high.
But this degree of imequality did not last, for, when the

lants were four and a half inches high, the self-fertilised were
three inches, and they retained the same relative difference till
their growth was complete. The crossed plants looked far more
vigorons 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 succeeding gene-
rations. Had I not watched these plants of Mimulus and Ipomeea
during their whole growth, T conld not have believed it possible,
that a difference apparently so slight as that of the pollen being taken
from the same flower, or from a distinet plant growing in the same
pot, could have made so wonderful a difference in the growth and
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 distinet
varieties, plenty of evidence has leen published. Sageret® res

tedly speaks in strong terms of the vigour of melons raised by
srossing different varieties, and adds that they are more easi:f
fertilized than common melons, and produce numerous good seed.

# ¢ Méroire sur los Cucurbitacées,” pp. 36, 2%, 80,
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Here follows the evidence of an English gardener:®* “T have this
“ summer met with better suceess in my cultivation of melons, in
“ an unprotected state, from the sceds of hybrids (ie. mongrels}
“ obtained by cross impregnation, than with old varicties. The
“ offspring of three different hybridisations (one more especially, of
“ which the parents were the two most dissimilar varieties I conld
“ select) each yielded more ample and finer produce than any one
“ of between twenty and thirty established varieties.”

Andrew Knight™ believed that his seedlings from crossed varicties
of the apple exhibited increased vigour and luxuriunce; and M,
Chexreul ® alludes to the extreme vigour of some of the crossed
fruit-trees raised by Sageret. v ;

By crossing reciprocally the tallest and shortest peas, Knight®
gays: “I had in this experiment & striking instance of the
 stimulative effects of crossing the breeds; for the smallest variety,
* whose height rarely cxceuleﬁ two feet, was increased to six feet;
“ whilgt the height of the large and luxuriant kind was very little
“ diminished.” Mr. Laxton gave me seed-peas produ from
orosses between four distinet kinds; and the plants thus raised were
extraordinarily vigorous, being in each case from one to two or threo
feet faller than the parent-forms growing close alongside them.

Wiegmann® made 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 planting together six distinct varieties of cabbage.
These mongrels displayed an infinite diversity of character; “But
“ the most remarkable circumstance was, that, while all the, other
‘“ cabbages and borecoles in the nursery were destroyed by a severe
* winter, these hybrids were little injured, and supplied the kitchen
“ when there was no other cabbage to be had.”

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

% Loudon's ¢ Gard, Mag.,’ vol. viii,, 8 {Usher die Bastarderzeugung,’
1832, p. 52, 1828, 5 32, 33. For Mr. Chaundy's

* ¢Transact. Hort. Soc,,” vol. L p.  case, seo Loudon's * Gard. Mag.' vol.
2. vii, 1831, p. 696,
_* ¢ Apnal. des Sc. Nat.,’ 5rd sories, 8 € Gardener’s Chron.,! 1846, p
1“:’-’ ‘l;lm vi. p. 180, 601,

"hilosophic: sactions,” ) o . Y

1299, p. 200, phical  Tran: 5 860, Philosopk. Tramsact.,’ 1799, g

on
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Here iz n remarkable case: M. Clotzsch™ crosscd Pinus sylvestris
and nigricans, Quercus robur and pedunculata, Alnus glutinosi and
incana, Ulmus campestris and efusa ; and the cross-fertilized seeds,
as well as seeds of the pure parent-trees, were all sown at the same
time and in the same place. The result was, that after an interval of
eight years, the hybrids were one-third taller than the pure trees!

The facts above given refer to undmbted varietics, excepting
the trees crossed by Clotzsch, which are rauked by various botanists
as strongly-marked races, sub-species, or species, That true
bybrids raised from entirely distinct npecics,-though they lose in
fertility, often gain in size and constitutional vigour, is certain. It
would be superfluous to quofe any facts; for all experimenters,
Kilreuter, Girtner, Herbert, Sageret, Lecoq, and Naudin, have
been struek with the wonderful vigour, height, size, tenacity of life,
precocity, and hardiness of their hybrid productions. Girtner*
sums up his conviction on this head in the stron terms. Kol-
reuter® gives numerous precise measurements of the weight and
height of his hyhrids in his comparieon with measurements of both
parent-forms ; and speaks with astonishment of their statura por-
“ tentosa,” their “ambitus vastissimus ac_ altitudo valde conspicua.”
Some exceptions to the rule in the case of very sterile hybrids have,
however, been noticed by Girtner and Herbert; but the most
striking exceptions are given by Max Wichura,” who found that
h brx;xcli \g’il‘lows were generally tender in constitution, dwarf, and

-liv

Kolreuter explains the vast increase in the size of the roots,
stems, &e., of his hybrids, as the result of a sort of compensation
due to their sterility, in the same way as many emasculated
animals are larger than the perfect males. This view seems at first
gight extremely probable, and has been accepted by various authors;®
but Gartner™ has well remarked that there is much difficulty in
fully admitting it; for with many hybrids there is no parallelism
between the degree of their sterility and their increased size and
vigour. The most striking instances of luxuriant growth have been
observed with hybrids which were not sterile in any extreme
degree. In the genus Mirabilis, certain hybrids are unusualg
fertile, and their extraordinary luxuriance of growth, together wit

st Quoted in ‘Bull. Bot. Soc. 6 ¢Die Bastardbefruchtung,” &c.,
France, vol. ii., 1855, p. 527. 1863, =, 81, 41, 42,
¢ Gartner, ¢ Bastarderzeugung,' 5. 6 Max Wichura fully aceepts this
259, 518, 520 et fe1. viow (* Bastardbefruchtung,’ & 43),
8 Fortsotzung, 1763, s’ 203 as does the Rev. M. J. Berkeley, in
¢ Dritte Fortsetzung,' = 44, 96; “Act.  “Journal of Hort. Soc.,” Jan. 18¢8,
Acad. St. Petersburg,’ 1782, partii,, p. 70
. 2513 ‘Nova Acta’ 1793, pp. 891, et ¢ Bastarderzeugung,’ s. 394, 526,

394; “Nova Acta; 1785, pp. 516, 528,
323.
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their enormons roots® have been fransmitted to their progeny.
The result in all cases is probably in part due to the saving of
nutriment and vital force throngh the sexual organs acting imper-
fectly or not at all, but more especially to the general law of
being derived from @ Cross. For it deserves especial attention that
mongrel animals and plants, which are so far from being sterile that
their fertility is often actually augmented, have, as previously
shown, their size, hardiness, and constitutional vigour generally
increased. It is not a little remarkable that an accession of yvigour
and size should thus arise under the opposite contingencies of
increased and diminished fertility.

It is a perfoctly 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 Gartner
more justly accounts for it by the pollen of the hybrid, and
probably its ovules, being in some degree vitiated, wherens the
pollen and ovules of both pure parents and of any third species are
gonnd, Nevertheless, there are some well-ascertained and re-

* markable facts, which, as we ghall presently see, show that a eross
by itwlfdmdoul»tedly tends to inerease or re-establish the fertility
of hybrids,

The same law, namely, that the crossed offspring both of varieties
and species are larger than the parent-forms, holds good in the
most striking manner with hybrid animals as well as with mongrels,
Mzr. Bartlett, who has had such large experience says, ** Among all
“ hybrids of vertebrated animals there is a marked increase of size.”
He then enumerates many cases with mammals, including monkey};
and with varions families of birds.® 4

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

The facts now to be given differ from the foregoing, as
self-sterility is not here the result of long-continued Cicse
interbreeding. These facts are, however, connected with our
present subjoct, because a cross with a distinet individual is
shown to be cither necessary or advantageous. Dimorphio
and trimorphic plants, though they are hermaphrodites, must
be 1eciprocally 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
p- 316. * Quoted by Dr. Murie, in ‘ Proe,

% Girtner, ¢ Bastarderzongung,’ & Zoolog. Soe,,” 1870, p. 40,
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But T should not have noticed these plants, had it not been
for the following cases given by Dr. Hildebrand :%*—

Primula sinensis is a reciprocally dimorphic species: Dr. Hilde-
brand fertilised twenty-eight flowers of both forms, each by pollen of
. the other form, and obtained the full number of capsules containing
on an average 42'7 seed per capsule; here we have complete and
normal fertility. He then fertilised forty-two flowers of both forms
with pollen of the same form, but taken from a distinct plant, and
all produced capsules containing on an average only 1ir6 seed.
Tastly, and here we come to onr more immediate point; he fertilised
forty-eight flowers of both forms with pollen of the same form and
taken from the same flower, and now he obtained only thirty-two
capsules, and these contained on an average 186 seed, or one less
per capsule than in the former case. So that, with these illegitimate
unions, the act of impregnation is less nssured, and the fertility
slightly less, when the pollen and ovules belong to the same flower,
than when belonging to two distinet individuals of the same form.
Dy, Hildebrand has recently made analogous experiments on the
long-styled form of Owalis 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 5o 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 deleterious manner. Most of the facts to be
given relate to orchids, butI will commence with a plant
belonging to a widely different family.

Sixty-three flowers of Corydalis cava, borne on distinct plants
were fertilised by Dr. Hildebrand  with pollen from other plants of
the same species; and fifty-eight capsules were obtained, incloding
on an average 4'5 seed in each. He then fertilised sixteen flowers
produced by the same raceme, one with another, but obtained only
three capsules, one of which alone contained any good seeds,
namely, two in number. Lastly, he fertilised twenty-seven flowers,
each with its own pollen; he left also fifty-seven flowers to be
spontaneously fertilised, and this would certainly have ensued if it

¢ Botanische Zeitung,’ Jan, 1864,  Berlin, 1866, s 572
5 3. o International Hort, Congress,
T ¢ Monatsbericht Akad. Wissen,” London, 1866,

YoL. 1. 1
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had been possible, for the anthers not only touch the stigma, but
the pollen-tubes were seen by Dr. Hildebrand to penetrate it:
nevertheless these eighty-four flowers did not produce a single
seed-capsule! This whole case is highly instructive, as it shows
how widely different the action of the same pollen is, according as
it'is placed on the stigma of the same flower, or on that of another
flower on the same raceme, or on that of a distinet plant.

With exotic Orchids several analogous cases have been observed,
chiefly by Mr. John Scott.® Oncg?inm sphacelatum has effective
pollen, for Mr. Scott fertilised two distinet species with it: the
ovules are likewise capable of impregnation, for they were readily
fertilised by the pollen of 0. divaricatum ; nevertheless, between
ono and two hundred flowers fertilised by their own pollen did not
produce & single canuIe, though the stigmas were penetrated by
the pollen-tubes. Mr. Robertson. Munro, of the Royal Botanic
Gardens of Edinburgh, also informs me (1864) that a hundred 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 0. divari-
catum, fertilised by their own pollen, did not set a capsule, but
twelve flowers fertilised by 0. flexuosum produced eight fine cap-
sules: so that here we have three utterly self-impotent species, with
their male and female organs perfect, as shown by their mutnai
fertilisation. In these cases fertilisation was effected only by the
aid of a distinet species. But, as we shall presently see, distinct
plants, ralsed from seed, of Oncidium Sflexuosum, and probubly 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
Bgélen of a plant of O. microchilum was effective, for with it he ferti-

d two distinct species; he found its ovules good, for they eould
bo fertilised by the pollen of one of these species, and by the pollen
of a distinct plant of 0. microchilum ; but they could not be ferti-
lised by pollen of the same plant, though the pollen-tubes penetrated
the stigma. An analogous case has been recorded by M. Riviére,™
with two plants of 0. cavendishianum, which were both self-sterile,
but reciprocally fertilised each other. All these cases refer to the
genus Oneidium, but Mr, Scott found that Mazillaria atro-rubens
was ““totally insusceptible of fertilisation with its own pollen,” but
fertilised, and was fertilised by, a widely distinct species, viz, AL
Squalens, " ‘

As these orchids had been grown under unnatural conditions in
hot-houses, I concluded that their self-sterility was due to this
cause. But Fritz Miiller informs me that at Desterro, in Brazil, he

** £Proc. Bot. Soc. of Edinburgh, Linn. Soc.’ vol. viii. Bot,, 1864, p,
May, 1863 : these observations are 162 o {
given in abstract, and others are % Prof. Lecoq, ‘De la Féeondation,
added, in the ‘Journal of Proc. of  2ud edit.. 1862, p. 0.
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fertilised above one hundred flowers of the above-mentioned Onei.
dium flexuosum, which is there endemie, with its own pollen, and
with that taken from distinct plants: all the former were sterile,
whilst those fertilised by pollen from any other plant of the same
specics were fertile. During the first three days there was no

ifference in the action of the two kinds of pollen: that placed on
stigma of the ssme plant separated in the usual manner into grains,
and emitted tubes which penetrated the column, and the stigmatic
chamber shut itself; but only those flowers which had been fertilised
by pollen taken from a distinet plant produced seed-capsules. On
a subsequent occasion these experiments were repeated on a large
seale with the same result. I!ritz Miiller found that four other
endemic specizs of Oncidium were in like manner utterly sterile
with their own Eollcn, but fertile with that from any other plant :
some of them likewise produced seed-capsules when impregnated
with pollen of widely distinct genera, such as Cyrtopodinm, and
Rodriguezia. Oncidium crispum, however, differs from the fore-
going species in varying much m its self-sterility; some ‘)hu.ts
yrodueing fine pods with their own pollen, others failing fo do so
in two or three instances, Fritz Miiller observed that the pods pro-
duced by pollen taken from a distinet flower on the same plant, were
larger than those produced by the flower’s own pollen. In Fpiden-
drum cinnabarinum, an orchid belonging to another division of the
family, fine pods were produced by the plant’s own pollen, but they
contamed by weight only about half as much seed as the capsules
which had been fertilised by pollen from a distinct plant, and in
one iustance from a distinet species ; moreover, a very large propor-
tion, and in some cases nearly all the seeds pmduce(i by the plant’s
own pollen, were destitute of an embryo. Some sclf-fertilised
capsules of & Maxillaria were in o similar state.

Another observation made by Fritz Miiller is highly remarkable,
namely, that with various orchids the plant’s own pollen not only
fails to impregnate the flower, but acts on the stigma, and is acted
on, in an injurious or poisonous manner. This is shown by tha
surface of the stigma in contact with the pollen, and by the pollen
itself, becoming in from three to five days dark brown, and then
decaying. The discoloration and decay are mot caused by

tic eryptograms, which were ohserved by Fritz Miiller in only
a single instance. These changes are well shown by placing on
the same stigma, at the same time, the plant’s own pollen and
that from a distinet plant of the same species, or of another
species, or even of another and widely remote genus.  Thus,
on the stigma of Oncidium flexuosum, the plant’s own pollen and
that from a distinct plant were placed side by side, and in five days'
time the latter was perfectly fresh, whilst the plant’s own pollen
was brown. On the other hand, when :he pollen of a distinet plant
of the Oacidium flrauosum and of the Epidendrum zebra (nov.
spec. '? were placed together on the same stigma, they behaved in
exactly the same manner, the grains separating, emitting tubes,

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.
Fritz Miiller has, moreover, made a large number of crosses between
orchids belonging to distinct species and genera, and he finds that
in all cases when the flowers are not fertilised their footstalks first
begin to wither; and the withering slowly spreads upwards until
the germens full off, after an interval of one or two weeks, and in
one mstance of between gix and seven weeks; but even in this latter
case, and in most other cases, the pollen and stigma remained in
appearance fresh.  Occasionally, however, the pollen becomes
brownish, generally on the external surface, and not in contact with
the stigma, as is invariably the cuse when the plant’s own pollen is
applied.

pi-‘ritz Miiller observed the poisonous action of the plant'’s own
pollen in the above-mentioned Uncidium flexuosum, 0. wiicorne,
pubes (7), and in two other unnamed species.  Also in two species of
Rodriguezia, in two of Notylia, in one of Burlingtonia, and of a
fourth genus in the same group. 1In all these cases, except the last,
it was proved that the flowers were, as might have been expected,
fortile with pollen from a distinct plant of the same species,
Numerous flowers of one species of Notylia were fertili with
pollen from the same raceme in two days' time they all withered,
the germens began to shrink, the pollen-masses became dark brown
and not one pollen-grain emitted a tube. So thut in this orchid the
injurious action of the Ephult’s own pollen is more rapid than with
Oncidium flecuosum, Eight other flowers on the same raceme were
fertilised with pollen from a distinct plant of the same species; two
of these were dissected, and their stigmas were found to be pene-
trated by numberless pollen-tubes; and the germens of the othey
gix flowers became well developed. On a subsequent occasion many
other flowers were fertilised with their own pollen, and all fell off
dead in & few days; whilst some flowers on the same raceme which
Dad been left simply unfertilised adhered and long remained fresh
We have seen that in cross-unious between extremely distinet
orchids the pollen long remains undecayed ; but Notylia behaveq
in this respect differently; for when its pollen was placed on the
stigma of Oncidium flexuosum, both the stigma and pollen quick]
became dark llJrolwn, in the same manner as if the plant’s own poll ez{
had been applied. :

Fritz Milller suggests that, as in all these cases the plant’s owy
pollen is not only impotent (thus efectually preventing self-fertilisa-
tion), but likewise prevents, as was ascertained in the case of th
Notylia and Oncidivm )jic:r!w_sum, tlle action of snbsequently app]ios
pollen from a distinct mdlvxdug\l(i it would be an advantage to t},
plant to have its own llen rendered more and more deleterion, ?
for the germens wou d thus qmckly_ be killed, and Pping osﬂ"
there would be no further waste in noun'sﬁiug & part whiclk
ultimately could be of 10 avail ch
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The same naturalist 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.
Lastly, five flowers were fertilised with pollen from a fourth

lant growing at a distance, and all five produced capsules.

ritz Miiller thinks that the three plants which grew near one
another were probably seedlings from the same parent, and that
from being closely related, they acted very feebly 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
dnter 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 distinet 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
ocours with all ordinary species. For in the latter the two
soxual elements of the same individual plant are of course
capable of freely acting on cach other; but are =0 constituted
that they are more or less impotent when brought into union
with the sexual elements of a distinet species, and produce
morve or less sterile hybrids.

Girtner experimented on two plants of Lobelia fulgens, brought
from separate places, and found ™ that their pollen was good, for he
fortilised with it L. cardinalis and syphilitica ; their ovules were
likewise good, for they were fertilised by the pollen of these same
two species ; but these two plants of L. fulyens could not be fertilised
by their own pollen, as can generally be effected with perfect ease
with this species. Again, the pollen of a plant of Verbascum nigrum

vown in a pot was found by Girtner™ capable of fertilising V.
fyclmilis and V. austrivcum ; the ovules could be fertilised by the

1 ¢ Jepaische Zeitschrift filr Natur-  Naturalist,’ 1874, p, 223,
wiss® B. vit. p. 22, 1872, and p. 441, 2 ¢ Bagtarderzeugung,’ s, 64, 357,
1978, Alarge part of this paper has s Ibid., & 857,
been trapslated fa the *American
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pollen of T thapsus ; but the flowers conld not be fertilised by their
own pollen. Kolreuter, also,™ gives the case of three garden plants
of Verbascum phanieswm, which bore during two years many flowers ;
these he fertilized successfully with the pollen of no less thar:
four distinet species, but they produced not a seed with their own
apparently good pollen; subsequently these same plants, and others
raised from seed, assumed a strangely fluctmating condition, bein
tampomtilyfv stelrile oxl:(:,l;le nanle o; female side, or on both sides, an
sometimes fertile on both sides; but two of the plants w e
fertile thronghout the summer. g ey
With Reseda odorata I have found certain individuals quite sterilo
with their own pollen, and so it is with the indigenous Reseda litea
The self-sterile plants of both species were perfectly fertile when
crossed with pollen from any other individuni)cof the same speciss
These observations will hereafter be published in another work, in
which I shall also show that seeds sent to me by Fritz Mille
Dl’lofduce(]l by }I;ﬂnnti‘l ofl({'?;clhschdm}e californica. which were quit;
self-sterile in Brazil, yie in this coun lants whi
slightly solEsterie 4 R ol were iy
1t appears™ that certain flowers on certain plants et
candidum. can be fertilised more freely by pollunp from ?}.f d)l'tg:::g;
individual than by their own. 8o, again, with the varieties of th
potato. Tinzmann,™ who made many trials with this plant, ea 2
that pollen from another variety sometimes “exerts a po“: fysl
“ influence, and I have found sorts of potatoes which woulder 3
 hear seed from imp! tion with the pollen of their own ﬂowmt
« wonld bepr it when impregnated with other pollen”” Tt 1era
not, however, appear to have been proved that the pollen wﬁ e
failed to act on the flower’s own stigma was in itself good tich
In the genus Passiflora it has long been known that
species do not produce froit, unless fertilised by pollen takese‘;'eml
stinet species: thus, Mr. Mowbray®™ found that he could o
frait from F. alata and racemosa except by reciproeally fe ’:Olt ret
them with each other's pollen; and similar facts have boen rh: g
in Germany and France™ I have received two accon:t:%rfv%l
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quadrangularis never roducing fruit from its

doing so freely when fertilised In one case with the
carulen, and in another case with that of P, edulis,

own pollen, hug
llen of p,
ut in thyee

78 ¢Zweite Fortsetzung’ s 103
¢Dritte Forts.,” s. 0. Mr. Seott like-
wise fertilised Hfty-four flowers of
Verbascum phaniceum, including two
varieties, with their own pollen, and
not a single capsule was pm‘lt}cml.
Many of the pollen - grains emitted
their tubes, but only a few of them
penstrated the stigmas; some slight
effect however was produced, as many
of the ovaries became somewhat

developed : “ Journal Ag <

galy’ 1867, p. 150, Asiatie Soc. Beg.
Duvernoy, 2

U antarderudg“?,;;!:l &,"Y Gih'lner,

e J Nl
& Garderer's Chronicle,? 1846, P

7 ¢ Dransact.
1830, p. 93. et Hort, Soe.! vol, vii,

** Prof. Lecoq, ¢ De
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other cases this species fruited freely when fertilisod with its own
pollen; and the writer in one case attributed the favourable result
to the temperature of the house having been raised from 5° to 10°
Falr. above the former temperature, after the flowers were fertilised.™
With respeet to £. laurifolia, 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
subject have been given by Messrs. Scott and Robertson Munro -
plants of Fassiflora racemosa, coerulea, and alats flowered profusely
during many years in the Botanic Gardens of Edinburgh, and,
though repeatedly fertilised with their own pollen, never produced
any seed ; yet this occurred at once with all three species when they
were crossed together in various ways. In the case of P, corulen
three plants, two of which grew in the Botanie Gardens, were all
rendered fertile, merely by impregnating each with pollen of one of
the others, The same result was attained in the same manner with
P, alata, but with only one plant out of three, As so many self-
sterile species of Passiflora have been mentioned, it should be
stated that the flowers of the annual P, gracilis are nearly as fertile
with their own pollen as with that from a distinct plant; thus
sixteen flowers spontaneously self-fertilised produced fruit, each
containing on an average 21'3 seed, whilst fruit from fourteen
crossed flowers contained 24-1 seed.

Returning to P. alata, 1 have received (1866) some interesting
details from Mr. Robertson Munro, Three Yllants, including onein
England, have alrcady been' mentioned which were inveterately
gelt-sterile, and Mr, Munro informs me of several others which,
after repeated trials during many years, have been found in the
game 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 distinct species, name unknown, and ever since the operation
it has produced fruit in abundance by its own polien; 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
plant 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

7 ¢ Gard. Chron.,” 1868, p. 1341, vol. viii,, 1864, p. 1168. Mr. Robert.
® ¢ Gardener’s Chron.’ 1866, p,  son Munre, in ‘Trans. Bot, Soe.” of
1068, Edinburgh, vol. ix. p. 399,
01 ¢ Journa! of Proc. of Linn. Soe.,’
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Taymouth plant, and except, as we shall see, when fertilised by her
own seedlings.  For Mr. Muuro fertilised eighteen flowers on the self-
impotent mother-plant with polien from these her own self-impotent
geedlings, and obtained, remarkable as the fact is, eighteen fine
capsules full of excellent seed! T have met with no ease in regard
to plants which shows so well as this of P. alate, on what small and
mysterious causes complete fertility or complete sterility depends.

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

Herbert states™ that having in flower at the same time nine
hybrid Hippeastrums, of complicated origin, descended from
several species, ho found that “ almost every flower touched with
« pollen from another cross produced seed abundantly, and those
“ which were touched with t‘:eir own pollen either failed entirely,
“ or formed slowly a pod of inferior size, with fewer seeds.” In
the * Horticultural Journal’ he adds that the admission of the
“ pollen of another cross-bred Hippeastrum (however complicated
“ {he cross) to any one flower of the number, is almost sure to
“ check the fructitication of the others.” In a letter written to me
in 1839, Dr. Herbert says that he had already tried these experi-
meuts during five consecutive years, and he subsequently repeated
them, with the same invariable result. He was thus led to make an
analogous trial ona pure species, namely, on the Hippeastrum aulicum,
which he had lately imported from Brazil: this bulb produced
four flowers, three of which were fertilised by their own pollen, and
the fourth by the pollen of a triple cross between £, bulbulosum,
reginee, and vittatum ; the resnlt was, that  the ovaries of the three
“ first flowers soon ceased to grow, and after a few days perished
“ entirely : whereas the pod impregnated by the hybrid made
“ yigorous and rapid progross to maturity, and bore »
“ which vegetated freely.” This is, indeed, as Herbert remarks,
“n strange truth,” but not o strange as it then appeared.

As a confirmation of these statements, I may add that Mr. M.
Mayes,*® after much experience in erossing the species of Amaryllis
(Hippeastrum), says, © 2either the species nor t{le hybrids will, we
“ are well aware, produce seed so abundantly from their own
“ pollen as from tbat of others.” So, again, Mr. Bidwell, in New

¥ ¢ Amaryllidace,” 1837, p, 871; % Louwdon’s ¢ Gardener’s Magazine,
¢Journal of Hort Soc.,’ vol. ii,, 1847,  wol. xi,, 1355, p. 260,
P 19,
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South Wales® nsserts that Amaryllis belladonna bears many mora
seeds when fertilised by the pollen of Brunswigia (Amaryllis of some
authors) josphine or of B. multifiors, than when fertilised by its
. own pollen. ~ Mr, Beaton dusted four flowers of a Cyrtanthus with
their own pollen, and fonr with the pollen of Vallota (Amaryllis)
purpurea; on the seventh day “those which received their own
* pollen slackened their growth, and ultimately ¥)erishcd; those
« which were crossed with the Vallota held on.”* These latter cases,
Lowever, relate to uncrossed specics, like those hefore given with
respect to Passiflors, Orchids, &e., and are here referred to only
because the plants belong to the same group of Amaryllidaces.

In the experiments on the hybrid Hippeastrums, if Herbert had
found that the pollen of two or three kinds slone had been more
efficient on certain kinds than their own pollen, it might have been
arsued that these, from their mixed parentage, had a closer mutual
affinity than the others; but this explanation is inadmissible, for
the trials were made reciprocally backwards and forwards on nine
different hybrids; and a cross, whichever way taken, always proved
highly beneficial. I can add a striking and analogous case from
experiments made by the Rey. A. Rawson, of Bromley Common,
with some complex hybrids of Gladiolus. This skilful horticul-
turist possessed o number of French varieties, differing from each
other only in the colour and gize of the flowers, all descended from
Gandavensis, a well-known old hybrid, said to be deseended from
(. natalensis by the J»ollen of G. oppositifiorus.®® Mr. Rawson, after
repeated trials, found that none of the varieties would set seed with
their own Epllen, although faken from distinet plants of the same
variety (which had, of course, been propagated by bulbs), but that
they all seeded freely with pollen from any other varviety. To ive,
two examples: Ophir did not produce a capsule with its own pollen,
but when fertilised with that of Janire, Brenchleyensis, Vulcain
and Linné, it produced ten fine capsules; but the pollen of Ophir
was good, for when Linné was fertilised by it seven capsules were

roduced. This latter variety, on the other hand, was utterly
rren with its own pollen, which we have seen was perfectly
cfticient_on Ophir. Altogether, Mr. Rawson, in the year 1861,
fortilised twenty-six flowers borne by four varieties with pollen
taken from other varieties, and every single flower produced a fine
seed-capsule; whereas fifty-two flowers on the same plants, fertilised
at the same fime with their own pollen, did not yield & gingle seed=
capsule. Mr. Rawson fertilised, in some cases, the alternate flowers,

% ¢ Gardener’s Chronicle! 1850, p.  Hort.” 1861, p. 453, Lecoq, however
470, (“ De la Fécond.,” 1862, p. 3659), states
8 ¢Journal Hort. Soc.” wol. v. p.  that this hybrid is descended from
135. The seedlings thus raised were  G. psittacinus and cardinalis ; but this
givon to the Hort, Soc.; but | find,on  is opposed to Herbert's experience,
inquiry, that thoy unfortunately died  who found that the fcrmer specied
the following winter, could not be crossed.

88 My. D. Beaton, in *Journal of
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and in other cases all those down one side of the spike, with pollen

of other varieties, and the remaining flowers with their own polien,

I saw these plants when the capsules were nearly mature, and

their curious arrangement at once brought full conviction to the

mind that an immense advantage had been derived from Crossing |
these hybrids. :

Lastly, I have heard from Dr. E. Bornet, of Antibes, who has
made numerous experiments in erossing the species of Cistus, but
has not yet published the results, that, when any of these hybrids
are fertile, they may be said to be, in regard to function, dicecions;
“ for the flowers are always sterile when the pistil is fertilised by
“ pollen taken from the same flower or from flowers on the same
“plant. But they are often fertile if pollen be employed from g
“ distinct individual of the same hybrid nature, or from a hybrid
“ made by a reciprocal cross,”

Conclusion—That plants shonld be self-sterile, although
both sexual elements are in a fit state for reproduction, appears
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 conclnde that
their self-sterility has been acquired for the sake of effectually
preventing self-fertilisation. The case is closely analogons
with that of dimorphic and trimorphic or heterostyled plants,
which can be fully fertilised only by plants belonging to 4
different form, and not, as in the foregoing cases, inditfcrently
by any other individual of the species. Some of these hetere-
styled plants are completely sterile with pollen taken from
the same plant or from the same form. With Tespect to
species living under their natural conditions, of which onl
certain individuals are self-sterile (as with Reseda lutea), it
is probable that these has e been rendered self-sterile to ensurg
occasional cross-fertilisation, whilst other individuals have
remained self-fertile to ensure the propagation of the species,
The case scems to be parallel with that of plants which
produce, as Hermann Mziller has discovered, two forms
—one bearing more conspicuous flowers with their structurg
adapted for cross-fertilisation by insects, and the other form
with less conspicnous flowers adapted for self-fertilisation,
The self-sterility, however, of some of the foregoing plantg
is incidental on the conditions to which they hav

] e been
subjected, as with the Eschscholtzia, the Verbaseu

m phos.
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niceum (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 fortilised 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. Every 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 ciffers 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 we must
believe that complete self-sterility and complete self-fortility
depend on such slight differencesin the ovules and pollen, and
not their baving been differentiated in some special manner
in relation to one another ; for it is impossible that the sexual
elements of many thousand individuals should have been
specialised in relation to every other individual, Tn 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 see in the following chapter, certain
monkeys, the larger carnivora, several finches, geese, and
pheasants, 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 distinet families of the
same race, or to different races or species, gives increased size
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 shonld be
observed that I am not here speaking of the evil results of
close interbreeding), and is practically exemplified in the
higher value of cross-bred animals for immediate consump-
tion. The good results of crossing have also been demon-
strated with some animals and with numerous plants, by
actual weight and measurement. Although animals of pure
blood will obvionsly be deteriorated by crossing, as far as
their characteristic qualities are concerned, 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 cattle 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, fer
tility, in a greater or less degree, is lost; but the gain in the
above respects can hardly be attributed to the principle of
compensation ; for there is no close parallelism between the
increased size and vigour of hybrid offspring and their
sterility. Moreover, it has been clearly proved that mongrels
which are perfectly fertile gain these same advantages as well
as sterile hybrids.

With the higher animalsno special adaptations for ensuring
oocasional crosses between distinet families seem to exist,
The eagerness of the males, leading to severe competition
between them, is sufficient; for even with gregarious 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
structnre 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
ground and cannot wander from place to place like animals,
the numerous adaptations for cross-fertilisation are wonder-
fully perfect, as has been admitted by every one who has
studied the subject. _

The evil consequences of long-continued close interbreeding
are not 5o 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
s0 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
expeciment 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 re-son 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 climinated. 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
qualitics. We have seen that with pigs first-rate animals
have been produced after long-continued close interbreeding,
though they had become extremely infertile when paired
with their near relations. The loss of fertility, when it
ocours, scems mever to be absolute, but only relative to
animals of the same blood ; so that this sterility is toa certair
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extent analogous with that of self-impotent plants which
cannot 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
results of long-continued interbreeding, shows that inter-
breeding does not act merely by combining and augmenting
various morbid tendencies common to both parents; for
animals with such tendencies, if not at the time actually ill,
cin 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 elaborate
provisions have been made for the occasional union of distinet
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 prclonged during
many generations is injurious.
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CHAPTER XVIIL

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

ON THE GOOD DERIVED FROM SLIGHT CHANGES IN THE CONDITIONS OF LIFB
~—STERILITY FEOM 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 INCOMPATIRILITY OF INDIVIDUAL ANIMALS—STERILITY OF PLANTS
FROM CHANGED CONDITIONS OF LIFE-—~CONTABESCENCE OF THE ANTHERS
—MONSTROSITIES AS A CAUSE OF ETERILITY—DOUBLE FLOWERS—SEEDLESS
FRUIT-—STERILITY FROM THE EXCESSIVE DEVELOFMENT OF THE OHGANS
OF VEGETATION-—FROM LONG-CONTINUED PHOPAGATION EY BUDS~—IN=
CIPIENT STERILITY THE FRIMARY CAUEE OF DOUBLE FLOWERS AND
BEEDLESS FRUIT.

On the Good derived from slight Changes in the Conditions of
Life. —I~5 considering whether any facts were known which
might throw light on the conclusion arrived at in the last
chapter, namely, that benefits ensue from crossing, and that
it is a law of nature that all organic beings should 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 another, we may believe that
it is acted on in a somewhat similar manner as an individual
when exposed to slightly changed conditions. Now, every
one must have 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 t¢
another as different as possible.



128

The belief that plants are thns benefited, whether or not well
founded, has been firmly maintamed from the time of Columell
who wrote shortly after the Christtan era, to the present day; an
it now prevails in England, France, and Germany.! A sagacious
observer, Bradley, writing in 17247 says, * When we once 0me
« Masters of a good Sort of Seed, we should at least put it into
« Pwo or Three Hands, where the Soils and Situations are as dif-
“ferent as possible; and every Year the Parties should change
“ with one another; by which Means, T find the Goodness of the
¢ Seed will be maintained for several Years. For Want of this
“ Tze many Farmers have failed in their Crops and been great
¢ Losers.” He then gives his own practical experience on this
head. A modern writer® asserts, 1€othing can be more clearly
* established in agriculture than that the continual growth of any
“ one variety in the same district makes it liable to deterioration
“ gither in quality or quantity.” Another writer states that he
sowed close together in the same 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 erop from the latter seed was remarkable. A gentle-
man in Surrey who has long made it his business to raise wheat to
gell for seed, and who has constantly realised in the market higher
prices than others, assures me that he finds it indispensable con-
tinually to change his sced ; and that for this purpose he keeps two
farms differing much in =oil and elevation.

With respect to the tubers of the potato, I find that at the present
day the practice of exchanging sets is almost everywhere followed.
The great growers of potatoes in Lancashire formerly used to gi::t
tubers from Scotland, but they found that “a change from the
moss-lands, and wvice versq, was generally sufficient.” In former
times in France the crop of potatoes in the Vosges had become
reduced in the course of fifty or sixty years in the proportion from
120-150 to 30-40 bushels; and the famous Oberlin attributed the
gurprising good which he effected in large part to changing the sots.t

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

ON THE GOOD DERIVED Ciar, XVIIL

t For England, sce below. For Rev. D. Walker’s « Prize Essay of

Germany, sea Metzger, ¢ Getreidearten,'
1841, s. 63. For France, Loiseleur-
Deslongchamps (¢ Consid. sur  les
Céréales,” 1843, p. 200) gives nu=
merous references on thiz subject. For
Southern France, see Godron, ¢ Florula
Juveralis,” 1854, p. 28,

2 ¢A General Treatise of Hus-
bandry,” vol. iik. p. 58.

% & (Gardener’s Chronicle and Agri-
¢ult. Guzotto,” 1838, p. 247 ; nnd for
the second statement, 1bid., 1850, p.
%02. On this same subject, sc¢ also

Highland Agricult, Soc.,’ vol. ii. p.
200. Also Marshall's ‘ Minttes of
Agriculture,” November, 1775,

% Oberlin’s * Memoirs,” Eng. trans
lat, p. 73. For Lancashire, sce
Marshall’s ¢ Review of Reports,’ 1808,

. 295, ;

5 (Cottage Gardener,” 1836, p. 188,
For Mr. Robson’s subsequent state-
ments, see ¢ Journal of Horticulture*
Feb, 18, 1866, p. 121 Yor Mr,
Abbey's remarks on graftiog, oo
1bid,, July 18, 1865, p. 4
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that he bas himself witnessed decided advantage from obtaining
bulbs of the onion, tubers of the potato, and various seeds, all of
the same kind, from different soils and distant parts of England.
He further 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, 8o as to afford the change that seems so necessary to the
« well-being of the plants” e maintains that after a time an
exchange of this nature is “forced on the grower, whether he be
« prepared for it or pot.” 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,
« ghowed much greater vigour than some of his own that were
« treated in exactly the same manner,” and he attributed this
solely to his own plants having become *{o a certain extent worn
« out 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

ted : and he believes this cannot be altogether explained by
the stocks in question being better adapted to the soil and climate
of the place. It should, however, be added, that varietics grafted
or budded on very distinct kinds, though they may take more
readily and grow at first more vigorously than when grafied on
closely allied stocks, afterwards often become unhealthy.

I have studied M. Tessicr’s careful and elaborate experiments,’
made to disprove the common belief that good is derived from a
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 Joss.
Another excc_llcnt observer, Colonel Le Couteur,’ has come to the
same conelusion ; but then he expressly adds, if the same seed
used, “ that which is grown on land manured from the mixen one
« year becomes seed for land prepared with lime, and that again
« becomes seed for land dressed with ashes, then for ressed
« with mized manure, and 80 on.” But this in effect is a systematic
exchange of seed, within the limits of the same farm.

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

8 ¢ )Mém, de T"Acad. des Sciences,” T ¢0n the Varicties of Wheat," p
1780, p. 209, 52

YOL. il K
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STERILITY FROM

chemical element dsficient 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 animals which
continnally wander about; and this apparently is the case.
Life depending on, 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 circum-
stances to which each organism is exposed. All forces through-
out nature, as Mr. Herbert Spencer® remnrks, tend towards
an equilibrinm, 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
Eame constitution,

Sterility from Changed Conditions of Life.

I will now attempt to show that animals and plants, when
removed from their natural conditions, are often rendered in
some degree infertile or completely barren ; and this occurs
even when the conditions have not bLeen 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. .()u.r 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 :.i.‘or as, on the
one hand, slight changes in the conditions of life n_ro.fnvour-
able to plants and animals, and the crossing of varieties adds

from cross-breeding, and of the evil

®* Mr. Spencer has fully and ably
discussed this whole subject in h‘lf
* Principles of Biology, 1864, vil. il
ch. x. In the first edition of my
*Origin of Species,” 1859, p. 267, [
'KD‘“’ of the good effects from slight
changes in the conditions of life and

offocts from groit changes in the con-
ditions and from crossing widely dis-
tinct forms, as a series of facts * con-
nected together by some common but
unkoown bond, which is esseatially
reiated to the principle of life,
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to the size, vigour, and fertility of their offspring; so, on tha
other hand, certain other changes in the conditions of lifg
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
cach other.

It is notorions that many animals, though perfectly tamed,
refuse to breed in captivity. Isidore Geoffroy St.-Hilaire?®
consequently has drawn a broad distinetion 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 scem
most illustrative. My materials are derived from notices
scattered through various works, and especially from a Report,
kindly 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 Keports
subsequently published up to the year 1865.1° DMany facts
are given on the breeding of the animals in that magnificent
work, ¢ Gleanings from the Menageries of Knowsley Hall' by
Dr. Gray. I made, also, particular inguiries from the expe-
rienced 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

. 9 4Essais de Zoologie Générale,
1841, p. 256.

10 Since the appearance of the first
edition of this work, Mr. Sclater has
published (¢ Proc. Zoolog, Soc.,” 1868,
p. 623) a list of the species of mam-
mals which have bred in the gardens
from 1848 to 1867 inclusive, Of the
Artiodactyla 85 species have been

kept, and of these 1 species in 19
have bred at least once during the
20 years; of 28 Marsupialia, 1 in 25
have bred ; of 74 Carnivora, 1 in 30
have bred; of 52 Rodentia, 1 in 4+7
have bred; and of Quadrumann 75
specics have been kept, and 1in 63
have brad,

K 2
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different menageries wounld differ. Indeed. some animals in
our Zoological Gardens have tecome more productive siuce
the year 1846. It is, also, manifest from F. Cuvier's account
of the Jardin des Plantes,!! that tho 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
healthy, and allowed some freedom, are absolutely incapable of

_ breeding. Rengger,”® who in Paraguay particularly attended to
this subject, specifies six quadrupeds in this condition; and he
mentions 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
mammals and birds not breeding when kept by the Indians, caunob
be wholly accounted for by their negligence or indifference, for
the turkey and fowl are kept and b by various remote tribes.
In almost every part of the world—for instance, in the interior of
Afrien, and in several of the Polynesian islands—the natives are
extremely fond of taming the indigenous quadrupeds and birds;
but they rarely or never succeed in getting them to breed.

The most notorious case of an animal not breeding in captivity
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
never been known even to couple, though both males and females
have their proper periodical seasons. If, however, we proceed a
little eastward to Ava, we hear from Mr. Crawfurd™ that their
“ breeding in the domestic state, or at least in the half-domestic
state in which the female elephants are generally kept, is of every-
day occurrence;” and Mr. Crawfurd informs me that he believes
that the difference must b attributed solely to the females being
allowed to roam the forest with some degroe of freedom. The
captive rhinoceros, on the other hand, seems from Bishop Heber's
account’® to breed in India far more readily than the ele&hnnt.
Four wild species of the horse genus have bred in Europe, though
here exposed to a great change in their natural habits of life; but
the species have generally been crossed one with another. Most of

' Du Rut, “ Aunales da Muséum, 1883, vol. i. pp. 99, 1933 vol. ik p
1807, tom. ix. p. 120. 213.

12 ¢ Siugethicre von Paraguay,’ 14 ¢ Embassy to the Court of Ava,
1830, e, 49, 108, 118, 124, 201, 208,  vol. i. p. 534,
249, 265, 327. 1% ¢ Journal,’ vol i p. 213,

18 4 The Naturalist on the Amnzons,’
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the members of the pig family breed readily in our menageries;
even the Red River hog (Potamockerus penicillatus), from the
sweltering ;E)}uins of West Africa, has bred twice in the Zoological
Gardens. Here also the Peceary (Dicotyles torquatus) has bred
several times; but another species, the D, labiatus, thoogh ren-
dered so tame as to be half-domesticated, is said to breed so rarely
in its native country of Paragmnay, that according to Rengger’®
the fact requires confirmation. Mr. Bates remarks that the tapir,
glougs often kept tame in Amazonia by the Indians, never
Tec
Ruminants generally breed quite freely in England, though
brought from widely different climates, as may be seen in the
Annual Reports of the Zoological Gardens, and in the Gleanings
from Lord Derby's menagerie. ,
The Carnivora, with the exception of the Plantigrade division,
breed (though with capricious exceptions) about half as freely as
rominants. Many species of Felide have bred in various mena-
eries, although imported from diverse climates and closely con-
gned. Mr. Bartlett, the present superintendent of the Zoologieal
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 tiger breed-
ing with the lion.” Strange as the fact may appear, many animals
under confinement unite with distinet species and produce hybrids
quite as freely as, or even more freely than, with their own species.
On inquiring from Dr. Falconer and others, it appears that the
tiger when confined in India does not breed, though it has been
known to couple. The chetah (Felis jubata) has never been
known by Mr. Bartlett to breed in England, but it has bred at
Frankfort; nor does it breed in India, where it is kept in large
numbers for hunting; but no paing would be taken to-make them
breed, as only those animals which have hunted for themselves in
a state of nature are serviceable and worth training.*® According
to Rengger, two species of wild cats in Paraguay, though thoronghly
tamed, have never bred. Although so many of the Felide breed
readily in the Zoological Gardens, yet coneeption by mo means
always follows union: in the nine-year Report, various species are
gpecified which were observed to couple seventy-three times, and
no doubt this must have passed many times unnoticed; yet from
the seventy-three unions only fifteen births ensued, The Carnivora
in the Zoological Gardens were formerly less freely exposed to the
air and cold than at present, and this ehange of treatment, as T was
assured by the former superintendent, Mr. Miller, greatly increased
their fertility. Mr. Bartlett, and there cannot be a more capable

¥ ¢ Singethiere 5, 327, 140.
17 On the Breeding of the Larger 1 Sleeman’s ‘Rambles in India,
Felida, * Proc. Zoolog. See.,’ 1861, p.  wvol. ii. p. 10,

-~



134 STERILITY FROM Cuar. XVIITL

judge, says, “ it is remarkable that lions breed more freely in
“ travelling collections than in the Zoological Gardens; probably
“ the constant excitement and ivritation produced by moving from
“ place to place, or change of air, may have considerable influence
“1n the matter.”

Many members of the Dog family breed readily when confined.
The Dhole ig one of the most untamable animals in India, yet a
pair kept there by Dr, Falconer produced young. Foxes, on the
other hand, rarely breed, and I have never heard of such an ocenr-
rence with the European fox: the silver fox of North America
(t'anis argentatus), however, has bred several times in the Zoo-
logical Gardens. Even the otter has bred there. Every ona
knows how readily the semi-domesticated ferret breeds, though
shut up in miserably small cages; but other species of Viverra and
Paradoxurus absolutely refuse to breed in the Zoological Gardens.
The Genetta has bred both here and in the Jardin des Plantes, and
produced hybrids. The Herpestes fasciatus has likewiso bred ; but I
was formerly assured that the . griscus, thongh many were kept
in the Gardens, never bred.

The Plantigrade Carnivora breed under confinement much less
freely than other Carnivora, although no reason can be assigned
for this fact. In the nine-year Report it is stated that the bears
bad been seen in the Zoological Gardens to couple freely, but
previously to 1848 had most rarely conceived. the Reports
published since this date threc species have produced young
(hybrids in one case), and, wonderful to relate, the white Polar
bear has produced é'oung. The badger (Meles taxus) has bred
several times in the Gardens; but I have not heard of this ocenrring
clsewhere in England, and the event must be very rare, for an
instance in Germany has been thought worth recording) In
Paraguay. the native Nasua, though kept in pairs during many
years and perfectly tamed, has never been known, accorc ing to
Rengger, to breed or show any sexual passion; nor, as I hear from
Mr. Bates, does this animal, or the Cercoleptes, breed in Amazonia.
Two other plantigrade genera, Procyon and Gulo, though often
leept tame m Paraguay, never breed there. In the Zoological

" Gardens species of Nasua and Procyon have been seen to couple;
but they did not produce yonng.

As domesticated rabbits, guninea-pigs, and white mice breed
s0 abundantly when closely confined under various climates, it
might have been thought that most other members of the Rodent
order would have bred in captivity, but this is not the case.
“1t deserves notice, as showing how the capacity to breed sometimes
goes by affinity, that the one native rodent of Paraguay, which
there breeds freely and has yielded successive generations, is the
Cavia apera ; and this unima! is go clozely allied to the guinea-pig

¥ Wiegmann's ¢ Archiv fur Naturgesch.,’ 1837, & 162,
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that it has been erroneounsly thought to be the parent form* In
the Zoological Gardens, some rodents have coupled, but have never
Eroduccd young; some have neither conpled nor bred; but a few

ave bred, as the porcupine jnore than once, the Barbary mouse,
lemming, chinchills, and agouti (Dasyprocta aguti) several times,
This latter animal has also produced young in Paraguay, though
they were born dead and ill-formed ; but in Amazonia, according
to Mr. Bates, it never breeds, though often kept tame about the
houses. Nor does the paca (Calogenys paca) breed there, The
common hare when confined has, T believe, never bred in Europe ;
though, according to a recent statement, it has crossed with the
rabbit# I have never heard of the dormouse breeding in confine-
ment. But squirrels offer a more curious case: with one excoption,
no species has bred in the Zoological Gardens, yet as many as
fonrteen individuals of S. palmarum were kept together during
several years. The 8. cinera has been seen to couple, but it did
not produce young; nor has this species, when rendered extremely
tame in its native country, North America, been ever known to
breed.® At Lord Derby’s menagerie sl{luirrcls of many kinds were
kept in numbers, but Mr. Thompson, the superintendent, told me
that none had ever bred there, or elsewhere as far as he knew.
T have never heard of the English squirrel breeding in confinement.
But the species which has bred more than once in the Zoological
Gardens is the one which perhaps might have been least expected,
pamely, the flying squirrel (Seciuropterus volucella): it has, also,
bred several times near Birmingham; but the female never pro-
duced more than two young at a birth, whereas in its native
Ameriean home ghe bears from three to six young.*

Monkeys, in the nine-year Report from the Zoological Gardens,
are stated to unite most freely, but during this period, though
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many individuals were kept, there were only seven births.

1 bave

heard of only one American monkey, the Ouistiti, breeding in
Europe® A Macacus, according to Flourens, bred in Paris; and

20 Renggar, ‘Sdugethiere,” &e., s
276. On the parentage of the guinea-
pig, see also lsid, Geotfroy St.-Hilaire,
+ Hist. Nat. Gén.! I sent to Mr. H.
Denny of Leeds the lice which 1 eol-
lected from the wild aperea in La
Plats, and he informs me that they
belong to a genus distinct from those
found on the guinea-pig. This is
jmportant evidence that the aperea is
pot the parent of the guinea-pig ; and
is worth giving, ns some authors erro-
naousl{ suppose that the guinea.pig
since being domesticated has become
sterile when crossed with the aperea,

%1 Although the existence of the

Leporides, as describel by Dr. Broca
(* Journal de Phys.,’ tom. ik p. 870),
has been positively denied, yet Dr, Pi=
geaux (*Annals and Mag. of Nat.
Hist.” vol. xx., 1867, p. 75) affirms that
the hare and rabbit have produced
hybrids.

22« Quadrupeds of North America,
by Audubon and Bachman, 1846, p.
268,

23 Loudon' ¢ Mag. of Nat., Hisl.'
\'nl. ix., 1336. P- !171'. Alldlbun nn\l
Bachman's ‘Quadrupeds of North
America,” p. 221,

24 Flourens, ‘De Vlnstinct &e,
1845, p. 88,
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more than one species of this genus has produced young in London,
- especially the® Macacus rkesus, which everywhere shows a s ceinl

capacity to breed under confinement,
ooth in Paris and London from this same genus.

Hybrids have been prodnced

The Arabian

baboon, or Cynocephalus hamadryas?® and a Cercopithecns have
bred in the Zoological Gardens, and the latter species at the Duke

of Northumberland’s. Severa!
have produced hybrids in the

members of the family of Lemur
Zoological Gardens, % och

It is much

more remarkable that monkeys very rarely breed when confined
in their native country; thus the Cay (Cebus azara’) is frequent]

and completely tamed in Paraguay, but Rengger ** says that it breeds
80 rarvely, that he never saw more than two fomales which had
produced young. A similar observation has been made with respect
to the monkeys which are frequently tamed by the aborigines in
Brazil¥ In Amazonia, these animals are =0 often kei))t in a tame

f

state, that Mr. Bates in walking through the streets o

ari counted

thirteen species ; but, as he asserts, they have never been known to

breed in captivity.?

Birds.
Birds offer in some respects better evidence than quadrupeds,

from their breeding more rapidly and being k

numbers.®

€pt in greater

We have seen that carnivorous animals are more

fertile under confinement than most other mammals, The reverse
holds good with carnivorous birds. It ig said % that as man
as eighteen species have been used in Europe for hawking, uug

sevoral others in Persia and India;® the
native country in the finest condition, an

have been kept in thej
have been flown dnri?ilé

six, eight, or nine years;® yet there is no record of thei i
ever produced young, As these birds were formerly cnng'lll't.}wl?nus

young, at great expense, being imported

from Ieeland, Norwny,

# See ¢Annual Reports Zoolog.
Soc.’ 1855, 1858, 1863, 18643 < Times’
newspaper, Aug. 10th, 1847 ; Flou-
rens, * De I'lastinet,’ p. 85.

¢ Siugethiere,” &e., 5. 34, 49,

2 Art. DBrazil, ‘Penny Cyelop.," p.
363,

8 ¢ The Naturalist on the Amazons,”
val. i, p. 99,

** A list of the species of birds
which have bred in the Zoological
Gardens from 1848 to 1867 inclusive
hss been published by Mr. Sclater
in * Proc. Zoolog. Soe.,” 1869, p. 626,
singe the first edition of this work
appeared. Of Columba 51 species
have been kept, and of Anseros 80
species, and in both these families, 1

species in 246 have brad at 1o

in the 20 years, Of G"";I:‘teonseae
species have beeg kept, and 1 in, 2'7

have bred; of 57 Gralle, 14
H s 9 havy,
bred; of 110 Preh 71 Fi e
hn\-e’bred; of lTBQnT’"B, S
254 have bred:
1 in 47 huve bred ; 5
of 35 Herodiones, not
enl}\.nr roup has bred,
P
i cyelop. of Rupnl Sports? P
n According to §ip
5 0 A,
( Cabool ke, B, 51, wih et
e ng in Sinde,
oucons ‘Mag, of Nag, ¥
vol, vi,, 1833, p. 110, ; Iisl.,
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and Sweden, there can be little doubt that, if possible, they wonld
have been propagated. In the Jardin des Plantes, no bird of prey
has been known to couple® No hawk, vulture, or owl has ever
produced fertile eggs in the Zoological Gardens, or in the old Surrey
Gardens, with the exception, in the former place on one occasion,
of a condor and a kite (ﬁl:‘lvus niger). Yet several species, namely,
the dquila fusca, Haliatus leucocsphalus, Falco tinnunculus, I, sub-
buteo, and Buteo vulgaris, have been seen to couple in the Zoological
Gardens. Mr, Morris * mentions as a unique fact that a kestrel
(Falco tinnunculus) bred in an aviary. The one kind of owl which

CHANGED CONDITIONS,

has been known to conple in the Zoological Gardens was the Eagle
Owl (Bubo maximus) ; and this species shows a special inclination
to breed in captivity; for a pair at Arundel Castle, kept more
nearly in a state of nature “than ever fell to the lot of an animal

deprived of its liberty,” % actuall

y reared their young. Mr. Gurney

has given another instance of this same owl breeding in confinement ;

and he records the case of a gecond s

breeding in captivity.”

pecies of owl, the Striw passerina,

Of the smaller graminivorous birds, many kinds have been kept
tame in their native countries, and have lived long; yet, as the

highest authority on ecage-birds® remarks,

their propagation is

“uncommonly difficult.” The canary-bird shows that there is no
inherent difficulty in these birds breeding freely in confinement ;
and Audubon says® that the Fringilla (Spiza) ciris of North

America breeds as perfectly as the canary.

The difficulty with

the many finches which have been kept in confinement is all the
more remarkable as more than a dozen species could be named

which bave yielded hybrids with the canary;

but hardly any,

of these, with the cxce&tji)on of the siskin (#ringilla spinus), have

reproduced their own
hay bred

d, Even the bullfinch (Loxia pyrrinda)
as frequently with the
a distinet genus, as with its own species,™

canary, though belonging to
With respect to the

skylark (dlauda arvensis), I have heard of birds living for seven
years in an aviary, which never produced young; and & 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-fonr

# F. Cuvier, ¢ Aonal. du Muséum,’
tom. ix. p. 128,

M ¢The Zoologist,” vol, vil-viii.,
1848-50, p. 2648,

# Knox, ‘Ornithclogieal Rambles
in Sussex,’ p, 91.

% ¢The Zoologist,” vol. vil.-viil,
1849-50, p. 2566 ; vol. ix.-x., 18512,
P 3207,

31 Bechstein, * Naturgesch. der Stu-
benvigel,’ 1840, s, 20,

3 *Ornithological Biography,” vol.
v. p, 517,

¥ A case is recorded in ‘ The Zoo-
logist,” vol. L-ii., 1843-45, p. 453, For
the siskin breeding, vol. fiisiv,, 1845«
46, p. 1075, Bechstein, *Stuben-
vogel” = 139, speaks of bullfinches
making nests, but rarely producing
young,

40 Yarrell's ¢ Hist. British Birds,
1839, vol. i. p. 412,
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insessorial species are enumerated which had not bred, and of
these only four were known to have coupled.

Parrots are singularly long-lived birds; and Humboldt mentions
the curious fact of a parrot in South America, which spoke the
language of an extinct Indian tribe, so that this hird preseryed
the sole relic of a lost language. Even in this country there is
renson to believe!! that parrots have lived to the age of nearly
one hundred years; yet they breed so rarely, though many have been
kept in Europe, that the event has been thought worth recording
in the gravest publications.® Nevertheless, when Mr. Buxton
turned out a large number of parrots in Norfolk, three pairs bred
and reared ten young birds in the course of two seasons; and this
guccess may be attributed to theirfree life.® According to Bechstein '
the African Psittacus erithacus breeds oftener than any other species
in Germany : the P. macoa occasionally lays fertile eggs, but rarely
succeeds in hatehing them; this bird, however, has the instinet
of ineubation sometimes so strongly developed, that it will hatch
the eggs of fowls or pigeons. In the Zoological Gardens and in
the old Surrey Gardens some few species have coupled, but, with
the exception of three species of parrakeets, none have bred. It
is & much more remarkable fact that in Guiana parrots of two
kinds, as I am informed by Sir R. Schomburgk, are often taken
from the nests by the Indians and reared in large numbers; they
are so tame that they fly freely about the houses, and come when
called to be fed, like pigeons; yet he has never heard of a single
instance of their brecding.“ In Jamaica, a resident natnralist,
Mr. R. Hill,*® says, “no birds more remiily snbmit to human
“dependence than the parrot-tribe, but no instance of a parrot
¢ breeding in this tame life has been known yet.” Mr, Hill specifies
a number of other native birds kept tame in ‘the West Indies, which
never breed in this state.

The great pigeon family offers a striking contrast with the parrots :
in the nine-year Report thirteen species are 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
Zives many cases of various pigeons breeding. The two magnificent

crowned pigeons (Goura coronata and victorie) produced hybrids;
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worth's Mag, of Nat. Hist.” vol,

41 Loudon’s ¢ Mag. of Nat. History,'
vol. xix., 1836, p. 347.

42 ¢ Mémoires du Muséum d’Hist,
Nat,' tom, x. p. 814: five cases of
parrots breeding in France are here
vecorded. Sce also ¢ Report Brit,
Assoe, Zoolog.,” 1843,

@ ¢ Annals and Mag. of Nat. Hist.,”
Nov. 1868, p. 311

44 ¢ Stubenvogel,’ 5. 105, 83,

% Dr. Hancock remarks (* Charles-

ii,, 1898, p. 492), ‘it is singular
that, amongst the numerous useful

"birds that are indigenous to Guiana,

none are found to propagate among
the Indians; yet the common fowl is
reared in abundance throughout the
country.”

6 ¢ A Week at Port Royal,' 1855

-

p7.
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ﬂevertheless, of the former species more than a dozen birds were
kept,as I am informed by Mr. Crawfurd, in a park at Penang,
under a perfectly well-adapted climate, but never once bred. The
Columba migratoria in its native country, North America, invariably
lays two eggs, but in Lord Derby’s menagerie never more than
one. The same fact has been observed with the C. leucocephala,*

Gallinaceous birds of many genera likewise show an eminent
capacity for breeding under captivity. This is particularly the case
with pheasants, yet our English species seldom lays more than ten
eggs in confinement ; whilst from eighteen to twenty is the usual
number in the wild state#* With the Gallinaces, 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 hateh her own eggs*®* The American tribe of Guans
or Cracide are tamed with remarkable ease, but are very shy
breeders in this country;® but with ecare various speécies were
formerly made to breed rather freely in Holland." Birds of this
tribe are often kept in a perfectly tamed condition in their native
country by the Indians, but they never breed.** It might have been
expected that grouse from their habits of life would not have bred in
captivity, more especially as they are said soon fo languish and
die®® But many cases are recorded of their breeding: the caper-
cailzie (Tetrao urogalius) has bred in the Zoological Gardens; it
breeds without much difficulty when confined in Norway, and in
Russia five successive generations have been reared : Tetrao tetriz
has likewise bred in Norway; 4. scoticus in Ireland; 7. wmbellus at
Lord Derby's; and 7. cupido in North America.

It is scarcely possible to imagine a greater change in habits than
that which the members of the ostrich family must suffer, when
cooped up in small enclosures under a temperate climate, after
freely roaming over desert and tropical plains or entangled forests;

4 Audubon, ‘American Ornith-
ology,” vol. v. pp. 552, 557,

4 Moubray on Poultry, 7th edit.,
p. 133.

@ Tomminck, ¢ Hist, Nat. Gén. des
Pigeons,” &c., 1813, tom. iil. pp. 288,
382; *Annals and Mag, of Nut. Hist.,"
vol xii., 1843, p. 453, Other species
of partridge have occasionally bred ;
ns the red-legged (. rubra), when
kept in a large court in France (sce
¢Journal de Physique,” tom. xxv. p.
204), and in the Zoological Gardens
in 1856,

3 Rev. E. S. Dixon, ‘The Dove-
eote,” 1851, pp. 243-252,

51 Temminck, ‘ Hist. Nat. Gén. des
Pigeons,” &c., tom. ii. pp. 456, 458
tom. it pp. 2, 13, 47.

32 Bates, ‘The Naturalist on the
Amazons,” vol. L p. 193; vol. ik .
112,

3 Temminck, ¢ Hist. Nat. Gén.,’ &c.,
tom. 1. p. 125.  For Tetrao wrogailus,
see L. Llovd, ‘ Field Sports of North
of Europe,’ vol. i. pp. 287, 314 ; and
«Bull. de la Soe. d’Acclimat.,’ tom.
vii., 1860, p. 600. For 7. scuticus,
Thompson, *Nat, Hist. of Ireland,’
vol. ii. 1850, p. 49. VFor T. cupido,
¢ Boston Journal of N:t..Hist.” vol.
iii. p. 199,
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yet almost all the kinds have frequently produced young in the
various European menageries, even the mooruk (Cuswarius bennetit)
from New Ireland. The African ostrich, though perfeetly healthy
and living long in the South of France, never lays more than from
twelve to fifteen eggs, though in its native country it lays from
twenty-five to thirty.”* Here we have another instance of fertility
impaired, but not lost, under confinement, as with the flying
squirrel, the hen-pheasant, and two species of American pigeons,
Most Waders can be tamed, as the Rev. E. 8. Dixon informs me,
with remarkable facility ; but 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 montigresic
has bred several times in Paris and in the Zoological Gardens, as
has G. cinerea at the latter place, and G. antigone at Calcutta. . Of
other members of this great order, Zetrapteryx paradises has bred
at Knowsley, a Porphyrio in Sicily, and the Gallinula chioropus in
the Zoological Gardens. On the other hand, several birds belongins
to this order will not breed in their native counntry, Jamaica; an
the Psophia, though often kept by the Indians of Guiana abont
their houses,  is seldom or never known to breed.” ** 1
The members of the great Duck family breed as readily in
confinement as do the Columba and Gallinwm; and this, congidew
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-
Longchamps has recorded the production of hybrids from forty-four
different members of the family; and to these Professor Newton has
added a few more cases.® “There is not,’ gays Mr. Dixon,” “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 capacity to breed
sometimes varies in individuals of the same species; thus Audubon®
kept for more than eight years some wild geese (Anser canadensis),
but they would not mate; whilst other individuals of the same
species produced gouug during the second year. I know of but one
instance in the whole family of a species which absolutely refuses
to breed in captivity, namely, the Dendrocygna viduata, although,
according to Sir R. Schomburgk,® it is easily tamed, and is
frequently kept by the Indians of Guisna. Lastly, with respect

3¢ Marcel de Serres, ‘Annnles des  ‘ Report Asiatic Soe. of Bengal’ May
Sei, Nat.,’ 2od series, Zoolog., tom. 1855,
xiii. p. 175, 3 Ppof. Newton, in * Proe. Zoolog,
3 Dr. Hancock, in ¢ Charlesworth’s  Soc,,’ 1860, p. 336, \
Mag. of Nat. Hist.,” vol. ii,, 1838, p. 4 ¢The Doveeote and Aviary,' p.
4915 R.Hill, * A Week at Port Royal,” 428, :
c.s; *Guide to the Zoological Gardens,’ * ¢ Ornithological Biography,” vol
v P. L. Sclater, 1859, pp. 11,125 L p. 9.
‘The Knowsley Menagerie,’ by Dr. 8 ¢ Goograph, Journal," vol. xiil.,
Gray, 1838, pl. xiv.; E. Blyth, 1844, p. 32
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to Gulls, tho ugh many have been kept in the Zoological Gardens
and in the Surrey Gardens, no instance was known before the
year 1848 of their coupling or breeding; but since that period the
herri Il (Larus argentatus) has bred many times in the
Zoological G s and at Knowsley.

There is Teason to believe that insects are affected by confinement
like the higher animals. It is well known that the Sphingidwe
rarely breed tyhen thus treated. An entomologist” in Paris kept
twenty-five specimens of Saturnia pyri, but did not succeed in
getting a single fertile egz. A number of females of Orthosia munda
and of. Mamestra suase reared in confinement were unattractive to
the males® Nr. Newport kept nearly a hundred individuals of
two s%:ies of Vanessa, but not one paired; this, however, might
have been due to their habit of coupling on the wing.” Mr.
Atkinson could -uever succeed in India 1 making the Tarroo silk-
moth breed in confinement.”® It appears that a number of moths,
especially the Sphingide, when hatched in the autumn ont of their

roper season, are completely barren; but this latter case is still
involved in some obseurity.”

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 cannabina) when
caged does not 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 gqniel plumage of the hen-bird ; and the Falco
albidus returned to the dress of an earlier age*® M. 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 wera produced.
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% Loudon’s ¢ Mag. of Nat. Hist.,
vol. v., 1832, p. 153,

01 ¢ Zoologist," vols. v.-vi., 184748,
p. 1660,

¢ Transact. Entomolog. Sec.,’ vol.
iv., 1845, p. 60,

93 ¢Transact. Linn. Soc.,” vol, vii.
p. 40.

% Sege om interesting paper by Mr.
Newmasn, in the *Zoologist,' 1857, p.

57643 and Dr. Wallace, in ¢ Proc.
Entomelog. Soc.,” Jume 4th, 1860, p.
0.

”" Yarrell’s ¢ British Birds,' vol. i.
p. 506; Bechstein, * Stubenvogel,” s
185; ¢ Philosoph, Transact.,' 1772, p.
271. Bronn (‘ Geschichte der Natur,’
Band it 5. 96) has collected a number
of cases.  For the case of the deer, se¢
« Penuy Cyelop,,’ vol. viii. p. 350,
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When conception takes place under confinement;, the young
are often born dead, or die soon, or are ill-forrned. Thig
frequently occurs in the Zoological Gardens, and, ording to
Rengger, with native animals confined in Parqlguay. The
mother’s milk often fails. We may also attributie to the dis-
turbance of the sexnal functions the frequent olcenrrence of
that monstrous instinet which leads the mother :?: devour her
own offspring,—a mysterious case of perversion, as it at first
appears. {

Sufficient evidence has now been advanced [to prove that
animals when first confined are eminently lialle to suffer i
their reproductive systems. We feel at first nagnrally inclineq
to attribute the result to loss of health, or at/least to loss of
vigour: but this view can hardly be admfitted when we
reflect 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, anfl 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 1o broed
under confinement has been sometimes attributed exel usively
to a failure in their sexual instincts: this may oceasionally
como into play, but there is no obvious reason why this
instinet should be especially liable to ba affected with per.
fectly tamed animals, except, indeed, in(‘irect]y throngh the
reproductive system itself being disturbed, Mumover'
numervus cases have been given of various animals which
couple freely under confinement, but never conceive; or, if
they conceive and produce young, these are fower in b
than is natural to the species. In the vege.able kingdom
instinet of course can play no part; and we shyl] promxxt?)- @,
that plauts when removed from their natural conditions gre
aflected in necarly the same manner as animals, Change of
climate cannot be the cause of the loss of fertility, for, whilst
many animals imported into Europe from extremely differey L
climates breed freely, many others when confined iy thei
native land are corsvletely sterile, Change of food cannigt b:
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the u!:hief cause; for ostriches, ducks, and many other animals,
which must have undergone a great change in this respect,
rareed freely. Carnivorous birds when confined are extremely
sterild, whilst most carnivorous mammals, except plantigrades,
tely fertile. Nor can the amount of food be the
or & sufficient supply will certainly be given to valuahle
; and there is no reason to suppose that much more
d be given to them than to our chojce domestic
ius which retain their full fertility. Lastly, we may
the caso of the elephant, chetah, various hawks, and
of many gnimals which are allowed to Jead 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 manner the powers of reproduction, The
result dcpentl)s more on the constitution of the species than on
the nature 'pf the change; for certain whole groups are
affected more than others; but exceptions always occur, for
some species in the most fertile groups refuse fo breed, and
some in the most sterile groups breed freely. Those animals
which usuallylbreed freely under confinement, rarely breed,
as I was nssurqdﬁ,z'the Zoological Gardens, within a year or
two after their importation. When an animal which i
generally sterile under confinement happens to breed, the
young apparently do not inherit this power: for had this
been the ecase, various quadrupeds and birds, which are
valuable for exhibition, would have become common, Dr.
Broca even affirms * that many animals in the Jardin des
Plantes, after having produced young for three or four suc-
cessive generations, become sterile: but this may bo 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 rofise to be fertilised by

% “Journal de Physiolegie,’ tom. subject, see K. Cuvier, in * Anuales dy
P 247, Muséum,’ tom, xik. p, 118,
" For additional evidence on this
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their own pollen, but can easily be fertilised by that of a
distinct species. Finally, we must conclude, limited as the
conclusion is, that changed conditions of life have an especial
power of acting injurionsly on the reproductive system./ The
whole case is quite peculiar, for these organs, thongh not
diseased, are thus rendered incapable of performinj their
proper functions, or perform them imperfectly. |

Sterility of Domesticated Animuls from changed conditions —With
respeet to domesticated animals, as their domestication mainly
depends on the accident of their breeding freely under eaptivity,
we ought not to expect that their reproductive system would be
nﬁ'ectcﬁ by any moderate degree of change. Those orders of
quadrupeds and birds, of which the wild species breed most readily
in our menageries, have afforded us the greatest number of domes-
ticated productions. Savages in most parts of the world are fond
of taming animals;** and if any of these regularly produced young,
and were at the same time useful, they would be at onee domesti-
cated. If, when their masters migrated into other countries, they
were in addition found capable of withstanding various climates,
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
eamel, offer an exception to this rale. Many of opr domesticated
animals can bear with undiminished fertility themost unnatural
conditions; for instance, rabbits, gninea-pigs, and ferrets bLreed in
miserably confined hutches. Few European dogs of any kind
withstand the climate of India without degenerating, but as lon
as they survive, they retain, as I hear from Dr, Falconer, theiy
fertility; so it is, according to Dr. Danicll, with English dogs
taken to Sierra Leone. The fowl, a native of the hot Jungles of
India, becomes more fertile than its parent-stock in every quarter
of the world, until we advance as far north as Greeniand and
Northern Siberia, swhere this bird will not breed. Both fowls il

igeons, which I received during the antumn direct from Sierra

eone, were at once ready to couple.® T have, also, soen pigeons

o Numerous instances could be' nesians of the Samoan Isl;
given. Thus Liringstoue_'("l‘mvels, pigeons ; and the New z;‘]'l’::d:nmed
p. 217) states thot the King of the Ir. Mantell informs me kept mrs_, as
Barotse, an inland tribe \\'hlc:‘l m;‘\:cr km“{l,;‘,[ birds. s rious
had any communication with white or analogous case
men, was extremely fond of taming fa‘)vr], se Rdsunmr, ‘L'A:t v:liethfth.
animals, and every young antelope was L‘:](-m,' &c., 1749, o 248 Eln
brought to him. ~ Mr. Galton informs  Sykes, in ¢Prog, Foniog, % L nl
me thao the Damaras .u-el ]in'kevrmef %L l'“mh Tespect to o 1832,
foud of keeping pets. The Indianz o resding in poryhe f
Sonth America follow the same habit.  Latham’s . i f“;;i‘xdgn'gl?‘;ﬁ' sce
Capt, Wilkes states tnat the Poly- 1823, p. 169, " vol. i,
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breeding as freely as the common kinds within a year after their
importation from the upper Nile. The guinea-fowl, an aboriginal
of the hot and dry deserts of Africa, whilst living under our damp
and cool climate, produces a Inrge supply of eggs.

Nevertheless, our domesticated animals under new conditions
occasionally show signs of lessened fertility. Roulin asserts that
in the hot valleys of the equatorial Cordillera sheep are not fully
feeund ¢ and according to Lord Somerville," the merino-sheep
which he imported from Spain were not at first perfectly fertile, 1t
is gaid™ that mares brought up on dry food in the stable, and
turned out to grass, do not at first breed. The peahen, as we have
seen, is said not to lay 5o many eggs in England as in India. It
was long before the canary-bird was fully fertile, and even now first-
rate breeding 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 to fail.  Accordin
to Roulin, geese taken to the lofty platean of Bogota, at first Im'§
geldom, and then only a few eggs; of these scarcely a fourth were
hntcbcé, and half the young birds died; in the second 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
Quito, Mr. Orton says:™ “the only geese in the valley are a few
imported from Europe, and these refuse to propagate” In the
Philippine Archipelago the goose, it is asserted, will not breed or even
lay eggs.”® A more curious case is that of the fowl, which, accord-
ing to Roulin, when first introduced would not breed at Cuseo in
Bolivia, but subsequently became quite fertile ; and the English Game
fowl, lately introduced, had not as yet arrived at its full fertility,
for to raise fwo or three chickens from a nest of egges was thought
fortunate. In Europe elose confinement has a marked effect on the
fertility of the fowl: it has been found in France that with fowls
allowed considerable freedom only fwenty per cent. of the eggs failed;
when allowed less freedom forty per cent, failed : and in cloge con-
finement sixty out of the hun(_lred were not hatchc(i.’“ So we 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.

It is by no means rare to find certain males and females which will
not breed together, though both are known to be perfoctly fertile
with other males and females. We have no reason to suppose that
this is caused by these animals having been subjected to any change
in their habits oflife; therefore such cases are hardly related to our
present subject. The cause apparently lies in an innate sexual in.

\"“Mém.?ardircrs Savans," ‘Acad, " ‘The Andes and the Amazon’
des Sclences,' tom. vi., 183, p. 347, 1870, p. 107.

71 Youatt on Sheep, p. 181, * Crawfurd’s ¢ Descriptive Dict, of

7 J. Mills, ‘Treatise on Cattle’ the Indinn Islands,’" 1856, p. 145,
1776, p. 72. ™ {Bull. de la Soc. d"Agclimat !

™8 Bechstein, ‘ Stubenvigel s. 242, tom ix., 1862, Pp- 380, 584,
YOL. 11. ) L
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compatibility of the pair which are matched. Several instances have
been communicated to me by Mr. W. C.Spooner (well known for his
essay on Cross-bmedinj;), by Mr, Eyton o¥ Eyton, by Mr. Wicksted
und other breeders, and especially by Mr. Waring of Chelsfield, in
relation to horses, cattle, pigs, foxhounds, other dogs, and pigeons.’
In these cases, females, which either previously or subsequently were
proved to be fertile, failed to breed with certain males, with whom
it was particularly desired to match them. A change in the con-
stitution of the female may sometimes have occurred before she was
put to the second male; but in other cases this explanation is havd:iy
tenable, for a female, known not to be barren, has been unsuceessfully
paired seven or eight times with the same male likewise known to be
perfectly fertile.  With cart-mares, which sometimes will not breed
with stallions of pure blood, but subsequently have bred with cart-
stallions, Mr. Spooner is inclined to attribute the failard to the lesser
sexual power of the race-horse. But T have heard from the greatest
breeder of race-horses at the present day, through My, Waring, that
“ it frequently occurs with a mare to be put several times during
““ one or fwo seasons to a particnlar stallion of acknowledged power,
“and yet prove harren ; the mare afterwards hreeding at once with
*“ some other horse.” These facts are worth recording, as they show,
like 50 many previous facts, on what slight constitutional differences
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
ocenr, analogous with those previously given in the animal
kingdom. But the subject is obscured by several circum-
stances, presently to be discussed, namely, the contabescenco
of the anthers, as Giirtner has named a certain affection—
monstrosities— doubleness of the flower— much-enlarged fruit
--and long-continued or excessive propagation by buds.

It is notorious that many plants in our gardens and hot-houses,
though preserved in the most perfect heaith, rarely or never pro-
duce seed. I do not allude to plants which run to leaves, from
being kept too damp, or too warm, or too much manured; for
these do not flower, and the case may be wholly different. Nor do
I allude to fruit not ripening from want of heat or rotting from too
much moisture. But many exotic plants, with their ovules and
pollen appearing perfectly sound, will not set any seed. The
sterility in many cases, as 1 know from my own observation, i3
simply due to the absence of the proper insects for carrying the
polien to the stigmn, But after exeluding the several cases just

T For pigeons, sce Dr, Chapuis,  Le Pigeon Voyngenr Belge,’ 1863, v. 88,

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

It weuld be tedious to enter on many details. Linnmus long
ago observed * that Alpirte plants, although naturally loaded with
seed, produce either few or none when cultivated in gardens. But
exceptions often ocecur: the Draba sylvestris, one of our most
thoroughly Alpine plants, multiplies itself by seed in Mr. H. C.
Watson’s garden, near London; and Kerner, who has particularly
attended to the cultivation of Alpine plants, found that various
kinds, when cnltivated, spontaneously sowed themselves.™ Many
plants which naturally grow in peat-earth are entirely sterile in our
gardens. I have noticed the same fact with several liliaceous plants,
which nevertheless grew vigorously.

Too much manure renders some kinds utterly sterile, as I have
myself observed. The tendency to sterility from this cause runs
in families; thus, according to Girtner,” it is hardly possible to
give too much manure to most Graminem, Crucifere, and Legu-
minosm, whitst succulent and bulbous-rooted plants are easily
affcoted, Extreme poverty of soil is less apt to induce sterility;
but dwarfed plants of Tifolivmn minus amr repens, Erowing on a
lawn often mown and never manured, were found by me not fo
produce any sced. 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 Kolrcuter in the case of Mirabilis*
Mr. Scott, in the Botanic Gardens of Edinburgh, observed that
Oneidivm divaricatum 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
fortile * if kept in a dry stove during the winter. Other varicties
of pelargoninm are sterile and others fertile without our being able
10 assign any cause. Very slight changes in the position of a plant,
whether planted on a bank or at its base, sometimes make all the
difference in its producing seed. Temperature apparently has &
much more powerful influence on the fertility of plants than on
that of animals. Nevertheless it is wonderful what changes some
fow plants will withstand with undiminished fertility : thus the
Zephyranthes candida, a native of the moderately warm banks of the
Plata, sows itself in the hot drv country near Lima, and in Yorkshire

% (Swedish Acts” vol. i, 1739,
, 8. Pallas makes the same =emark
E: his ¢ Travels’ (Eng. transiat.), vo. i
p- 202,

™ A, Kerner, ‘Die Cultur der Al-
penpflanzen,’ 1864, = 159; Watson's
¢Cybele Britanpica,’ vol. i p. 1315
Mr. D. Cameron, nlso, has written on
the cnlture of Alpine plants in ¢ Gard,

Chronicle, 1848, pp. 253, 268, and
mentions a few which seed.

% 4 Beitriige zur Kepntniss dex
Befruchtung,’ 1844, s 333.

£ (Nova Acta Petrop.,” 1793, p
301,
82 ¢ Cottage Gardenmer,’ 1836, pp.
44, 109,

L 2
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resists the severest frosts, and I have seen seeds gathered from
whieh had been covered with snow during three weeks.™ Berberis
wallichii, from the hiot Khasia range in Indis, is uninjured by our
harpest frosts, and ripens its fruit under om cool summers.
Nevertheless, T presume we must attribute to change of climate the
sterility of many foreign plants; thus, the Persian and Chinese
lilacs (Syringa persica and chinensis), though perfectly hardy
here, never produce a seed; the common lilac (S. vulgaris) seeds
with us moderately well, but in parts of Germany the capsules
pever contain seed.® Some few of the cases, given in the last
chapter, of self-impotent plants, might have been here introduced,
as their state seems due to the conditions to which they have been
subjected.

The liability of plants to be affected in their fertility b{ slightly
changed conditions is the more remarkable, as the pollen when
once in process of formation is not easily injured; a_plané may be
transplanted, or & branch with flower-buds be ent off and placed in
water, and the pollen will be matured. Pollen, also, when
once mature, may be kept for weeks or even months® The female
organs arc more sensitive, for Girtner * found that dicotyledonous
plants, when earefully removed so that they did not in the least
flag, could seldom be fertilised; this occurred even with potted
plants if the roots had grown out of the hole at the bottom. In
some few cases, however, as with Digitalis, transplantation did nob
prevent fertilisation; and according to the testimony of Mawz,
Brassicw rapa, when pulled up by its roots and placed in water,
ri}‘)ened its seed. Flower-stems of several monocotyledonous plants
when cut off and placed in water likewise produce seed. Butin
these cases I presume that the flowers had gecn already fertilised,
for Herbert* found with the Crocus that the plants might be re-
moved or mutilated after the act of fertilisation, and wonld still
perfect their seeds; but that, if transplanted before being fertilised,
the application of pollen was powerless.

Plants which have been long cultivated can generally endure
with undiminished fertility various and great changes; but not in
most cases so great a change of climate as domesticated animals.
1t is remarkable that many plants under these circumstances are
so much affected that the groportion and the nature of their che-
mical ingredients are modified, yet their fertility 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 seed of

8 Dpr. Herbert, ¢Amaryllidacex,’ ¢ La Variabilité des Esptces,’ 1868, p,

v 176, 155.
* Giirtuer, * Beitriige zur, Kennt- 8¢ CPejtriige zur Keantniss,” &¢,, =
niss,” &c., 5. 560, 56+ 252, 333,

3 ¢ Gardener’s Chronicle,’ 1844, p. * ¢ Journal of Hort. Soc.,” vol. i,
2154 1830, p. 470. Faivre gives a 1847, p. 83
«ood résumé on this subject 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.—Gartner 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 exaetly resemble the unthers of the most
sterile hybrids, Gartner,™ in his discussion on this subject, has
shown that plants of many orders are occasionally thus affected ;
but the Caryophyllacem and Liliacem suffer most, and to these
orders, I think, the Ericace® may be added. Contabescence varies
in degree, but on the same plant all the flowers are generally affected
to nearly the same extent. The anthers are affected at a very early
period in the flower-bud, and remain in the same state (with one
recorded exception) during the life of the plant. The affection
cannot be cured by any change of treatment, and is propagated by
layers, cuttings, &c., and perhaps even by seed. In contabescent
plants the female organs are seldom affected, or merely become
precocious in their development. The cause of this affection is
doubtful, and is different in different cases. Until I read Girtner's
discussion I attributed it, as apparently did Herbert, to the un-
natural treatment of the Flnnts; but its permanence under changed
conditions, and the female organs not being affected, seem incom-
patible with this view. The fact of several endemic plants be-
coming contabescent in our gardens seems, at first sight, equally
incompatible with this view; but Kolrenter believes that this 18
the result of their transplantation. The contabescent plants of
Dianthus and Verbascum, found wild by Wiegmann, grew on a
dry and sterile bank. The fact that exotic plants are eminently
liable to this affection also seems to show that it is in some manner
caused by their unnatural treatment. In some instances, as with
Silene, Girtner's view seems the most probable, namely, that it is
caused by an inherent tendency in the species to become dicecions.
I can add another cause, namely, the illegitimate unions of hetero-
styled plants, for I have observed scedlings of three species of
Primula and of Zythrum salicaria, which had been raised from
plants illegitimately fortilised by their own-form pollen, with some
or all their anthers in a contabescent state, There is perhaps an
additional cause, namely, self-fertilisation; for many plants of
Dianthus and Lobelia, which had been raised from self-fertilised
seeds, had their anthers in this state; but these instances are not
conclusive, as both genera are liable from other causcs to this
affection.

Cases of an opposite nature likewise ocenr, namely, plants with

8 | Beitraze zur Kenntniss &c., &, setzung's, 57, Herbert, ¢ Amaryin-
117 et a2q. ; Kolreuter, ‘ Zweite Fort-  dacem,’ p. 355, Wiegmann, ¢ Uehm
setzung,' s. 10, 1215 *Dritte Fort-  die Bastarderzeugung,’ 5. 27,
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the female organs struck with sterility, whilst the male organs
remain perfect. Dianthus japonicus, a Passiflora, and Nicotians,
l{{t\_'o been described by Gértuer *as being in this unusual con-
dition.

Monstrosities as o cause of sterility.—Great deviations of strueture,
even when the reproductive organs themselves are not seriously
affected, sometimes cause plants to become sterile. But in other
cases plants may become monstrous {o an extreme degree and yet
retain their full ferfility. Gallesio, who certainly had great ex-
perience,” often attributes sterility to this cause; but it may be
guspected that in some of his cases sterility was the causs, anc not
the result, of the monstrous growths. 'The curious St. Valery apple,
althongh it bears fruit, rarely produces seed.. The wonderfully
anomalous flowers of Fegonia frigida, formerly described, though,
they appear fit for fructification, are sterile® Species of Primuls
in which the calyx is brightly coloured are said ** to be often sterile,
though I have Jmown them to be fertile. On the other hand,
Verlot gives several cases of proliferous flowers which can be pro-
Fagated by sced. This was the case with a poppy, which had
\ecome monopetalous by the union of its petals® Another extra-
ordinary poppy, with the stamens replaced by numerons small

supplementary capsules, likewise reproduces itself by seed.  This
has also occurred with a plant of Sexifraga gewm, in which a series
of adventitions carpels, bearing ovules on their marging, had been
developed between the stamens and the normal carpels.™ Lastly,
with respect to peloric flowers, which depart wonderfully from the
natural structure,—those of Linaria wwlgaris scem generally to be
more or less sterile, whilst those before described of Antirrhirnin
mayus, when artificially fertilised with their own wllen, are
periectly fertile, thongh sterile when lett to themselves, }or bees are
unable to crawl into the narrow tubular flower. The peloric
flowers of Corydalis solida, according to Godron,™ &re sometimes
barren and sometimes fortile; whilst those of Gloxinia are well
known to yield plenty of seed. In our greenhouse Pelargoninms,
the central flower of the truss is often pelorie, and Mr. Masters
informs me that he tried in vain during several years to get sced
from these flowers. I likewise made many vain attempts, but some-
times succeeded in fertilising them with pollen from a nor

® ¢ Bastarderzeugnng,’ s. 356.

% (Teorin della Riproduzione,’
1816, p. %4 ; ¢ Traité du Citrus,’ 1811,
P 67,

9 My, C. W. Crocker, in *Gard.
Chronicle,” 1861, p. 1092,

" Verlot, *Des Varidtds,” 1865,
p- BO.

*% Varlot, ibid., p. 88.

" Prof,  Allman, Drit.  Assoc,

quoted in the *Phytologist,” vol. il

p. 483. Prof. Harvey, on the autho=
rity of Mr, Andrews, who, discovered
the plant, informed me that this
monstrosity could be propagated by
seed.  With respect to the poppy, v
Prof. Goeppert, as quoted in ¢ Journa!
of Horticulturs,” July 1st, 1863, p,
171.

8 ¢ Comptes Rendus’ Dec. 19tk,
1864, p. 1039,
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flower of another variety; and conversely I several times fertilised
ordinary flowers with peloric pollen. Only once I succeeded in
raising a plant from a peloric flower fertilised by pollen from a
peloric flower borne by another variety; but the plant, it may be
added, presented nothing particular in its structure. Hence we
may conclude that no general rule can be Iaid down; but apy
great deviation from the normal structure, even when the repro-
ductive organs themselves are not seriously affected, certainly often
leads to sexual impotence.

Double Flowers.—When the stamens are converted into petals,
the plant becomes on the male side sterile; when both stamens
and pistils are thus changed, the plant becomes completely barren.
Symmetrical flowers having numerous stamens and petals are the
most liable to become double, 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
strueture, sometimes become double, as we see with the domble

rse or Ulex, and Antirrhinum. The Compositee bear what are
called double flowers by the abnormal development of the corolla of
their central florets. Doubleness is sometimes connected with

rolification,” or the continued growth of the axis of the flower.
Boublemm is strongly inherited. No one has produced, as Lindley
remarks?” double flowers by promoting the perfect henlth of the
plant. On the contrary, unnatural conditions of life favour their
production. There is some reason to believe that seeds kept durins
many years, and seeds believed to be imperfectly fertilised, yiel
double flowers more freely than fresh and perfectly fertiliced seed.™
Long-continued cultivation in rich soil seems to be the commonest
exciting cause, A double narcissus and a double Anthemis aobilis,
transplanted into very poor soil, has been observed to become
gingle;” and I have secen a completely double white primrose
rendered permanently single by being gi\-ided and transplanted
whilst in full flower. It has been observed by Professor E. Morren
that doubleness of the flowers and variegation of the leaves are
antagonistic states ; but so many exceptions to the rule have lately
been recorded' that, though general, it cannot be looked at as
invariable, Variegation seems generally to result from a feeble or
atrophied condition of the plant, and a large proportion of the
ings raised from parents, if both are variegute£ usually perish at
an early age; hence we may perhaps infer that doubleness, which is

# ¢ Gardener’s Chronicle,” 1886, p,  can Journ. of Science,” vol. xxiii. p
81, 47 ; and Verlot, * Des Variétés," 1865,
¥ ¢ Theory of Horticulture,” p. 333,  ju 84,

% Mr. Fairweather, in ¢ Transact, * Lindler's * Theory of Hortienls
Hort. So¢.,” vol. iii. p. 406: Bosse, ture,’ p. 353,
quoted by Ironn, ‘Geschichte der 190 & Gurdener’s Chronicle,” 1865, p

Natur, B.ii. s 77. On the effects of  626; 1866, pp. 260, 750; and Verlot,
the removal of the anthers, see Mr. *Des Variétés," p. 75.
Leitner, in Silliman’s * North Ameri-
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tne antagonistic state, commonly arises from a plethorie condition,
On the other hand, extremely poor soil sometimes, though rarely,
appears to couse doubleness : 1 formerly described ' some completel
double, bud-like, flowers produced in large numbers by stunt
svild plants of Gentiana amarella growins on a poor chalky bank, 1
have also noticed a distinct tendency to doubleness in the flowers of
a Ranunculus, Horse-chestnut, and Bladder-nut (Ranunculus repens,
Asculus puvie, and Sla{‘hylcu), growing under very unfavourable
conditions. Professor Lehmann '™ found several wild plants growing
near « hot spring with donble flowers. With respect to the cause of
doubleness, which arises, as we see, under widely different circum-
stances, I shall presently attempt to show that the most probable
view is that unnatural conditions first give a tendency to sterility,
and that then,on the principle of compensation, as the reproductive
organs do not perform their proper functions, they either become
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
quite sterile, or produce extremely few seeds. This is notorionsly
the case with our best pears, grapes, and figs, with the pine-apple

' banans, bread-fruit, pomegranate, azarole, d'nto-pa]ms, and some
members of the orange-tribe. Poorer varieties of these same fruitg
either habitually or occasionally yield seed.)* Most horticulturists
look at the great size and enomalous development of the frait 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 o
Vegetution—Plants which from any cause grow too luxuriantly, and
produce leaves, stems, runners, suckers, tubers, bulbs, &e., in ex'cess
sometimes do not flower, or if they flower do not yield scod. Tq
make European vegetables under the hot climate of India yield
séed, it is necessary to check their growth; and, when one-thing
grown, they are taken up, and their stems and tap-roots are cut or

101 ¢ Gaprdenor's Chronicle,” 1843, p.  ‘Races of Man;’ @G Ry
628. In this article I suggested the dellnl{iprm]uxioﬁe,,] s:lsl'!;x;,w;l'ef;h
theory above given on the doubleness Meyen (“‘Reise um End'e,' Th =110,
of flowers. This view is adopted by  214) states that at llnniliull. ER
Carridre, ‘Production et Fix. des  variety of the banana is fgl one

Variétds,” 1865, p. 67. and Chamisso (Hooker's ¢ Blo:f ;f,,.l;s
1 (uoted by Gikrtoer, ¢ Bastarder-  vol i p. 310) describes a "&rietm.’
zeugung,’ 8. 567. th.c bread-fruit in the Mariang [ l:'mol
193 + (Gardener’s Chronicle,” 1866, p.  with small fr slandy

, uit, containi
901, .I‘hu:h are frequently P:rx:tmgn seeds
104 Lindley, ¢ Theory of Horticul-  in his *Travels in Bck}m-,,’; :

ture,” pp. 175-179; Godron, ‘ De 'Es-  onthe pomegranate seain
péce tom. it. p. 106; Pickering,  dersu, a3 a remarkable pe

urnes,
. Temarky
g in Magep.
culiarity,
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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
flowerad, were quite sterile; but after beating one with a stick until
& faw branches alone were left, these at once yielded food seed, The
sugar-cane, which grows vigorously and produces a large supply of
succulent stems, never, according to various observers, bears seed in
the West Indies, Malaga, India, Cochin China, Mauritius, or the
Malay Archipelago.” Plants which produce a large number of
tubers are apt to be sterile, as occurs, to a certain extent, with the
common potato; and Mr. Fortune informs me -that the sweet
potato (Convolvidus batutas) in China never, as far as he has seen,
yields seed. Dr. Royle remarks '™ that in India the Agave vivipara,
when grown in rich soil, invariably produces bulbs, but no seeds;
whilst a poor =oil and dry climate lead to an opposite result. In
China, aecording to Mr. Fortune, an extraordinary number of little
bulbs are developed in the axils of the leaves of the yam, and this
lant does not bear seed. Whether in these cases, as in those of
goublc 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 the other method of sexual generation.

Several distinguished botanists and good practical judges believe
that long-continued propagation by euttings, runners, tubers, bulbs,
&c., independently of any excessive development of these parts, is
the cause of many plants failing to produce flowers, or producin
only barren flowers,—it is as if they had lost the habit of sexua
generation.’” That many plants when thus propagated are sterile
there can be no doubt, but as to whether the long continuance of this
form of propagation is the actual cause of their sterility, I will not
yenture, 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 fl:cnemhogl, wemay safely infer from this being the
case with many plants which must have long survived in a state of
pature. As I have had oceasion before to allude to this subject, T
will here give such cases as I have collected. Many alpine plants
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165 Ingledew, in ‘ Transact. of Agri-  soveral species indigenous in Manri-

colt. and Hort, Soc. of India,’ vol. ii.  tius.

18 ¢ Do la Fécoadation,” 1862, p,
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107 Hooker's *Bot. Misc.,” vol. i. p.
99; Qullesio, *Teorin della Ripro-
duzione,' p. 110. Dr. J. de Cordemoy,
in ¢ Transact. of the R. Soc. of Mauri-
tius' (new series), vol. vi. 1878, pp.
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of plants which never seed, including

¢4 ¢ Transact. Linn. Soe.,” vol. xvii.

p- 563.

1 Godron, ‘De V'Espbee,” tom. ii.
p- 1065 Herbert on Crocus, in ‘ Jour
nal of Hort. Soc,’ vol. i, 1846, p,
254: Dr. Wight, from what he has
seen in India, believes in this view ;
¢ Madras Journal of Lit. and Science,
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ascend mountains beyond the height at which they can produce
seed.® Certain species of Poa and Festueca, when growing on
mountain-pastures, propagate themselves, as I hear from Mr.
Bentham, almost exclusively by bulblets. Kalm gives a more curious
instance *! 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 loaded with
seed, The common ivy is found in Northern Sweden and Russia,
but flowers and fruits only in the southern provinces. The sdcorus
calumus extends over a large portion of the globe, but =0 rarely
perfects froit that this has becn seen only by a few botanists;
according to Caspary, all its pollen-grains are in a worthless condi-
tion."™ The Hypericwm ealyeinum, which propagates itself so freel
in our shrubberies by rhizomes, and is naturalised in <Ireland,
blossoms profusely, but rarely sets any seed, and this only during
certain years; nor did it set any when fertilized in my garden by
llen from plants growing ata distance. The Lysimachia nummu-
arie, which is furnished with long runners, so seldom produces
seed-capsules, that Prof. Decaisne,™ who has espevially attended to
this plant, has never seen it in fruit. The Carex rigida often fails
to perfect its seed in Scotland, Lapland, Greenland, Germany, and
New Hampshire in the United States!™ The periwinkle (Vinca
minor), which spreads largely by runners, is saitll scarcely ever to
roduce fruit in England ; % but this plant requires inscet-aid for
its fertilisation, and the proper insects may be absent or rare. The
Jussier grandiflora has become naturalised in Sonthern Franee, and
has spread by its rhizomes so extensively as fo impede the naviga-
tion of the waters, but never produces fertile seed.”® The horse-
radish ( Cochlearia armoracia) spreads pertinaciously and is natural-
ised in various parts of Europe; though it bears flowers, these
rarely produce capsules: Professor Caspary informs me that he has
watched this plant gince 1851, but has never seen its fruit; 65 per
cent. of its pollen-grains are bad. The common Nanunculus ficaria
rarely bears seed in England, France, or Switzerland ; but in 1863
T observed seeds on several plants growing near my hounse.!”™ Other

110 Wahlenberg specifics  eight
species in this state on the Lapland
Alps : see Appendix to Linnazus’ ¢ Tour
in Lapland,’ translated by Sir J. E.
Smith, vol. ii. pp. 274-280.

11 ¢Teavels in North Americs,’
Eng. translat,, vol. iii. p. 175.

17 With vespact to the ivy and
Acorus, see Dr. Bromfield in the ‘ Phy-
tologist,’ vol. iii. p. 376. Also Lind-
ley and Vaucher on the Acorns, and
see Caspary as below.

M3 ¢ Annal, des Se. Nat.,’ 3rd series,

.

Zool., tom. iv. p. 280, Prof. Decaisne
refers also to analogous cases with
mosses and lichens near Paris.

14 My, Tuckermann, in Silliman’s
¢ Amorican Journal of Science,' vol,
xiv. p. L.

18 Sir J. E, Smith, ¢ English Flora,
vol. L p. 3539,

14 G, Planchon, ‘Flora de Mont-
pellier,” 1864, p. 20.

17 On the non-production of seeds
in England, see My, Crocker, in * Gare
dener's Weekly Magazine,' 1852, p,
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cases analogons with the foregoing eould be given; for instance
some kinds of mosses and lichens have never been seen to fructify in

France.
Some of these endemic and naturalised plants are probably

rendered sterile from execessive multiplication by buds, and their
consequent incapacity to produce and nourish secd. But the
sterility of others more probably depends on the peculiar condi-
tions nnder which they live, as in the case of the ivy in the northern
parts of Earope, and of the trees in the swamps of the United
States; 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 unnatural econditions of
life first give a tendency to sterility ; and in comsequence 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, &e., increasing their size and suceulency. DBut
it is probable that there exists, independently of any incipient
sterility, an antagonism between the two forms of repro-
duction, namely, by sced and buds, when either is carried to
an extreme 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
fertility is lost from a wholly different cause, namely, from
hybridism, there is a strong tendency, as Giirtuer*'® affirms,

har,” ¢ Abhand, Naturw, Gesellsch. 21

703 Vaucher, ‘Hist. Phys. Plantes
d'Burope,” tom. i p.33; Lecoq,  Géo-
graph. Bot. d’Europe,’ tom. iv. p.
4663 Dr. D, Clos, in ¢ Annal. des Se,
Nat.,” 8rd series, Bot.,, tom. xvii,
1852, p.120; thislatter author refers
to other analogous cases. See more
cspecially on this plant, and on other
allied cases, Prof. Caspary, * Die Nu-

alle,’ B, xi. 1870, p. 40, 78.

18§ Baetarderzengung,” s 565,
Kaolreuter (Dritte Fortsetzung, s,
73, 87, 119) also shows that wher
two species, one single and the other
double, are crossed, the hybrids are
apt to be extremely double.
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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 foliaceons. This latter facu
is well shown by the male flowers of dicecious plants, which,
according to Gallesio," first become double. Again, Giirt-
ner 12 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 Cuourbitacea; so
that the productiou of fruit by plants rendered sterile through
any cause 18 intelligible. Kolreuter has also expressed his
unbounded astonishment at the size and development of tha
tubers in certain hybrids; and all experimentalists }*! have
remarked on the strong tendency in hybrids to increase by
roots, runners, and suckers. Seeing that hybrid plants,
which from their nature are more or less sterile, thus tend to
produce double flowers; that they have the parts including
the sced, 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 earlier parts of this chapter,
that almost all organio beings when exposed to unnatural
conditions tend to become more or less sterile, it seems much
the most probable view that with cultivated plants sterility
is the exciting cause, and double flowers, rich scedless fruit,
and in some cases largely-developed organs of vegetation, &e.,
are the indirect results-—these results having been in most
cases largely increased through continued selection by man.

1% {Teorin  della  Riproduzione 120 ¢ Bastarderzeugung,” s, 575,
Veg.,” 1816, p. 75. 1 Ibid.,, s 527.
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CHAPTER XIX.

BUMMARY OF THE FOUR LAST CHAPTERS, WITH REMARKS ON
HYBRIDISM,

ON THE EFFECTE OF CROSSING—THE INFLUENCE OF DOMESTICATION ON
FERTILITY—CLOSE INTEREREEDING-—GOOD AND EVIL RESULTS FROM
CHANGED CONDITIONS OF LIFE—VARIETIES WHEN CROSSED XNOT IN=
VARIABLY FERTILE—ON THE DIFFERENCE IN FERTILITY BETWEEN
CROSSED SPECIES AND VARIETIES—CONCLUSIONS WITH RESPECT 70
NYBRIDISM—LIGHT THROWN ON HYBRIDISM BY THE ILLEGITIMATE
PROGENY OF HETEROSTYLED PLANTS~—STERILITY OF CROSSED SPECIES
DPUE TO DIFFERENCES CONFINED 10 THE REPRODUCTIVE SYSTEM-——NOT
ACCUMULATED THROUGH NATUNAL SELECTION—REASONS WUY DOMESTIC
VARIETIES ARE NOT MUTUALLY STERILE—TOO0 MUCH STRESS HAS BEEN
LAID ON THE DIFFLRENCE IN FERTILITY BETWEEN CROSSED SPECIES AND
CHOSIED VARIETTES—OONCLUESION.

I1 was shown in the fifteenth chapter that when individuals
of the same variety, or even of a distinct variety, are allowed
‘freely to intereross, 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,
to preserve onr domesticated breeds true, or to improve them
by methodical selection, it is obviously necessary that they
shonld be kept scparate. Nevertheless, a whole body of
individuals may be slowly modified, throngh unconscious
selection, as we shall see in a future chapter, without separa-
ting them into distinct lots. Domestic races have often been
intentionally modified by one or two crosses, made with some
allied race, and occasionally even by repeated crosses with
very distinct races; but in almost all such cases, long-con-
tinued and careful selection has been absolutely necessary,
owing to the excessive variability of the cr(.:ased offspring,
due to the principle of reversion. In a few instances, ho“.'-
ever, mongrels have retained a uniform character from their

first production. :
When two varietics are allowed to cross freely, 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 acqmired wounld
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
fixst came into the possession of the same tribe, their erossing
will not have influenced, in so great a degree as has often
been supposed, the character of the ofispring in future times;
although in some cases it probably has had a considerable
effect.

Domestication, ag a general rule, increases the prolificness
of animals and planis. 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
theso races are now fully fertile together, or at least incom-
parably more fertile than most specics when erossed, 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 no previous close interbreeding,
I+ 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, thongh size is gained,
fertility is lost ; but the increased size, vigonr, and hardiness
of many hybrids cannot be accounted for solely on the
principle of compensation from the inaction of the reproduc-
tive system. Certain plants whilst growing under their
natural conditions, others when cultivated, and others of
bybrid origin, are completely self-impotent, thongh per-



Crar, XIX. FOUR LAST CHAPTERS. ' 159

fectly healthy ; and such plants can be 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 aungmentation 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 resis 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
sarefully 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 evil follows. The evil, how-
ever, comes on s0 slowly and gradually that it easily escapes
observation, but can be recognised by the almost instantaneons
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 innumerable adaptations thronghout
nature for compelling, or favouring, or at least permitting,
the occasional union of distinet individuals, taken together,
lead to the conclusion that it is a law of nature that organie
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 sagacious

t ¢'fransactions Phil. Soc.,’ 1799,  observer failed to understand the full
.. 202. For Kolreuter, sor ‘Mem. de  meaning of the structure of the
"Acnd. de St.-Pétersbonrg,” tom, iii.  flowers which he has so well fle‘
1809 (published 1811), p. 197. In  seribed, from not always having
reading C. K. Sprengel’s vemarkable  before his mind the key to the pro-
work, “Das entdeckte Geheimniss'  blem, namely, the good derived from
&c., 1793, it is curious to observe  the crossing of distinct individual
how often this wonderfully acute  plants.
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observer Kolreuter, after showing how well the Malvacew
are adapted for crossing, asks, “an id aliquid in recessu
habeat, quod hujuscemodi flores nunguam proprio suo pul-
vere, sed semper eo aliarum sug speciel impreguentur, 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 facts which might throw light on the
cause of the good effects from crossing, and of the evil effects
from close interbreeding, we have seen that, on the one hand,
it is a widely 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 effectnally 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 impaired or quite annulled. Some groups of animals
are more affected than others, but with apparently capricious
exceptions in every group. Some animals never or rarely
couple under confinement; some couple freely, 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, &ec., to incipient sterility of the above nature combined
with a copious supply of nutriment. Animals which have
long been domesticated, and plants which have long heen
cultivated, can generally withstand, with unimpaired fertility,
great changes in their conditions of life; thongh 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
been 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 some kind in the natural conditions of life.
The remarkable susceptibility of the reproductive system to
such changes,—a susceptibility not common to any other
organ,—apparently has an important bearing on Variability,
as we shall see in a future chaptes.

It is impossible not to be struck with the double parallelism
between the two classes of facts just alluded to., On the one
hand, slight changes in the conditions of life, and crosses
between slightly modified forms or varieties, are beneficial as
far as prolificness and constitutional vigour are concerned.
On the other hand, changes in the conditions greater in degree,
or of a different nature, and crosses between forms which
have been slowly and greatly modified by natural means,—
in other words, between species,—are highly injurious, as far
as the reproductive system is concerned, and in some few
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 ouf unless
it be stirred up, so the vital forces are always tending,
according to Mr. Herbert Spencer, to a state of equilibrinm,
unless disturbed and renovated through the action of other
forces.

In some few cases varieties tend to keep distinet, by breed-
ing at different seasons, by great difference in size, or by
sexual preference, Dut the crossing of varicties, far from

VOL. 11, M
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diminishing, 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 not positively know; much time and
trouble wonld 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 fo be ranked as species or
varieties. Nevertheless, the wide experience of practical
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 varieties, yield fewer seeds when
crossed than is natural to the parent-species. Other varioties
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 varietics, 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
seems to make a broad and impassable barrier between
domestic varicties and natural species. But, as I will now
attempt to show, the distinetion is not so great and over-
whelmingly important as it at first appears.

On the Difference in Fertility between Varicties and Species when
crogsed,

This work is not the proper place for fally treating the
subject of hybridism, and I havealready given in my * Origin
of Species’ a moderately full abstract. T will here mercly
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 distinet 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
gpecies are fully fertile when crossed, by defermining 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 fertilised by their own pollen. Success 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. A

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
x 2
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longing to distinet genera can rarely, and those belonging
to distinct families can never, be crossed, The parallelism
however, is far from complete; for a multitude of closeiy
allied species will not unite, or unite with extreme difficulty,
whilst 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 be crossed with ease. The difficulty or facility nI;-
parently depends exclusively on the sexual constitution of
the species which are crossed; or on their sexual elective
affinity, i.e. Waklverwandtschaft of Girtner. As species rarely
or mever become modified in one character, without heing 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.

Sixthly, the sterility of specics when first crossed, and that
of hybrids, may possibly depend to a certain extent on distinet
causes. With pure species the reproductive organs are in a
perfect condition, whilst with hybrids they are often plainly
deteriorated. A hybrid embryo which partakes of the 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 cause has no bearing on the infertility of
first unions. The diminished number of the offspring from
first unions may often result, as is certuinly sometimes the
case, from the premature death of most of the hybrid embryos
But we shall immediately see that a law of an unknown'
vature nplmmnﬂ.\' oxists, which leads to the oﬁspring ﬁ'Om
unions, which are infertile, being themsclves more or less
infertile ; and this at present is all that can be said,

Seventhly, 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
either parent-form.

After arriving at these conclusions, T was led to investigate
a subject which throws considerable light on hybridism,
namely, the fertility of heterostyled or dimorphic and
trimorphic plants, when illegitimately united. I have had
oecasion 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 which differ in no'respect except
in their reproductive organs; one form having a long pistil
with short stamens, the other a short pistil with long
stamens; 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 50 proportioned 'n length to one another
that, in any two of the forms, half the stamens in each stund
on a level with the stigma of the third form, Now I have
ghown, and the result has been confirmed by other observers,
that, in order to obtain full fertility with these plants, it is
necessary that the stigma of the one form should be fertilised
by pollen taken from the stamens of corresponding height in
the other form. So that with dimorphic species two unions,
which may be called legitimate, are fully fertile, and two,
which may be called illegitimate, are more or less infertile.
With trimorphic species six unions are legitimate, or fully
fertile, and twelve are illegitimate, or more or less infertile.?

The infertility which may be observed in various dimorphio

2 My observations ‘On the Cha-  Lianean Soc,” vol. 5. p. 393.  The
racter aed hybrid-like nature of the abstract here given is nearly the
offspring from the illegitimate upion  same with that which appeared in
of Dimorphic and Trimorphic Plants' the th': edition of my *Origin of
were published in the ‘ Journal of the  Speties,
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and {rimorphic plants, when illegitimately fertilised, that is.
by pollen taken from stamens not corresponding in height
with the pistil, differs much in degree, up to ahsolute and
utter sterility ; just in the same manner as occurs in crossing
distinct species. As the degree of sterility in the latter case

" depends in an eminent degree on the conditions of life being
more or less favourable, so I have found it with illegitimate
unions. It is well known that if pollen of a distinet 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 18’
with the pollen of the several forms of the same species, for
legitimate pollen is strongly prepotent over illegitimate
pollen, when both are placed on the same stigma. I ascex-
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 secdlings
were similarly coloured; this shows that the legitimate
pollen, though applied twenty-four hours subsequently, had .
wholly destroyed or prevented the action of the previously
applied illegitimate pollen. Again, as, in making reciprocal
crosses between the same two species, there is occasionally a
great difference in the result, so the same thing occurs with
tfimorphic plants; for instance, the mid-styled form of
Lythyum salicaria could be illegitimately fertilised with the
greatest ease by pollen from the longer stamens of the ghort-
styled form, and yielded many seeds ; bt the ghort-styled form
did not yield a single seed when fertilised by the longer
gtamens of the mid-styled form.

Tn all these respects the forms of the same undoubted
species, when illegitimately united, behave in exactly the
same manner as do two distinet species when crossed, This
Jed me carefully to observe during four years many scedlings,
raised from several illegitimate unions. The chief result is
that these illegitimate plants, as they may he called, are not
fully fertile. It is possible to raise from dimorphic species,
both long-styled and short-styled illegitimate plants, and
from trimorphic plants all three illegitimate forms. Thege
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can then be properly united in a legitim’ixte manner. When
this is done, there is no apparent reason why they should
pot 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 utterly and
inenrably sterile that they did not yield during four seasons
a gingle seed or even seed-capsule. These ilegitimate plants..
which are so sterile, although united with each other in a
legitimate 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 muking the first cross between the two parent-
species, 80 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 seed-capsule the degree of sterility is
innately variable, so 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 similar
cases occur with the illegitimate offspring of various dimorphic
and trimorphic plants. :
Although there is the closest identity in character and
behaviour 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 distinet species. We have already seen that there is
the closest similarity in all respects between first illegitimate
unions, and first erosses 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 crossing
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whether they were Specifically distinet. He would find that
they yielded only about one-fifth of the proper number of
seed, and that they behaved in all the other above-specified
respects as if they had been two distinct species. But to.
make the case sure, he would raise plants from his supposed
hybridised seed, and he would find that the seedlings were
_miserably dwarfed and utterly sterile, and that they behaved
in all other respects like ordinary hybrids. He might then
maintain that he had actually proved, in accordance with the
common view, that his two varieties were as good and as
distinct species as any in the world ; but he would be com-
pletely mistaken,

The facts now given on dimorphic and trimorphic plants
are important, because they show us, first, that the physio-
logical test cf 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
three forms of the same species may exist and may differ in no
respect whatever, either in structure or in constitution,
relatively to external conditions, and yet be sterile when
united in certain ways. For we must remember that it is
the union of the sexual elements of individuals of the same
form, for instance, of two long-styled forms, which results in
sterility ; whilst it is the union of the sexunal element proper
to two distinet forms which is fertile. Hence the case appears
at first sight exactly the reverse of what occurs in the
ordinary unions of the individuuls of the same species, and
with crosses between distinct 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 dimorp‘hic and trimorphio plants, that the sterility of dis-
tinct species when crossed, and of their hybrid progeny,
depends exclusively on the nature of their sexnal elements,
and not ou any difference in their structure or gegoml 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 be 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, Giirtner,
likewise concluded that species when crossed are sterile owing
tc 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 speties, if they could
be kept from blending, either through sexual aversion, or by
hecoming 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 same species; and that successive slight degrees of
infertility, from being advantageous, were slowly accumulated.
This appears all the more probable, if we admit that the
structural differences between the forms of dimorphic and
trimorphic plants, as the length and curvature of the pistil,
&e., have been co-adapted through natural selection; for if
this be admitted, we can hardly avoid extending the same
conclusion to their mutual infertility. Sterility, moreover, has
been acquired through natural selection for other and widely
different purposes, as with neunter 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 easily 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 regions 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 conld
clearly have been no advantage to such separated species to
have been rendered mutunally sterile, and,consequently this
could not have been effected through natural selection; but
it may perhaps be argued, that, if a species were rendered
sterile with sonie one compatriot, sterility with other species
would follow as a necessary consequence. In the second
place, it i8 as much opposed to the theory of natural selection,
as to the theory of gpecial 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 could not possibly have been advantageons
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 Dbe admitted, on the principle
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
steps by which this first degree of sterility cunld be increased
through natural selection to that higher degree which is
common to s0 many species, and which is universal with
gpecies which have been differentiated to a generic or family
rank, will find the subject extraordinarily complex. After
mature reflection it seems to me that this could not have been
effected through natural selection. Take the case of any two
species which, when crossed, produce few and sterile offspring ;
now, what is there which could favour the snrvival of those
individuals which happened to be endowed in a slightly
higher degree with mutual infertility, and which thus
Avproached by one small step towards alsolute sterility ?
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Yet an advance of this kind, if the theory of natural selection
be brought to bear, must have incessantly ocenrred with
many species, for a multitude are mutnally quite barren.
With sterile neuter insects we have reason to believe that
modifications in their structure and fertility have been slowly
accumulated by natural selection, from an advantage having
been thus indirectly given to the community to which they
belonged over other communities of the same species ; but an
individual animal not belonging to a social community, if
rendered slightly sterile when crossed with some other variety,
would not thus itself gain any advantage or indirectly give
any advantage to the other individuals of the same variety,
thus leading to their preservation.

PBut it would be superfluous to discuss this question in
detail ; for with plants we have conelusive evidence that the
sterility of crossed species must be due to some principle,
quite independent of natural selection. Both Girtner and
Kolreuter have proved that in general including nunmerous
gpecies, a series can be formed from species which when crossed
yield fewer and fewer sceds, 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 throughout 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 not 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,
wo 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
to 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 theso trees, but is incidental on struc-
tural or functional differences in their woody tissues. We
need not feel surprise at sterility incidentally resulting from
crosses between distinet species,—the modified descendants of
a common progenitor,—when we bear in mind how easily the
mproducti\'e system is affected by various causes—often by
extremely slight changes in the conditions of life, by too clase
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 distinet
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
incompatibility.

We now at last come to the immediate point under dis-
cussion: how is it that, with some fow exceptions in the case
of plants, domesticated varieties, such as those of the dog, fowl,
pigeon, soveral 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 gub.
jected have had so little tendency towards modifying the
reproductive system iu a manner leading to mutual sterility
that we have very good grounds for admitting the direct] '
opposite doctrine of Pallas, namely, that such mnditiopi
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generally eliminate this tendeney; 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 t»,
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,
If the Pallasian doctrine of the elimination of sterility through
long-continued domestication be admitted, and it can hardly
be rejected, it becomes in the highest degree improbable that
gimilar 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
Kalreuter 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 beé raised by almost every naturalist to the rank of
distinct species. If, for instance, Gartner's statement were
fully confirmed, that the blue and red flowered forms of the

impernel (Anagallis arvensis) are sterile when crossed, I pre-
gume 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
to me, why domestic varieties have not become mutually in-
fertile when crossed, but why this has go generally occurred
with natural varieties as soon as they have been modified in g
sufficient and permanent degree to take rank as specics,. We
are far from precisel.\' knowing the cause; lmt we can e
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that the specics, owing to their struggle for existence with
numerous competitors, must have heen 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 fo 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 varieties
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 eeriain poisons sometimes stands in correla-
tion with the colour of the individuals of the same species,
The period of gestation generally differs much in distinet
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 oceur, or oceur 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 kecping
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the inhabitants of the same country distinct, be thought of
such paramount importance, in comparigon with other inci-
dental and functional differences? No gufficient 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,
S8ELECTION BY MAN.

SELECTION A DIFFICULT ART—METHODICAL, UNCONSCIOUS, AND NATURAL
SELECTION—IESULTS OF METHODICAL SELECTION—CARE TAKEN IN 2p-
LECTION — SELECTION WITH PLANTE—SELECTION CARRIED ON BY THE
ANCIESTS AND DY SEMI-CIVILISED FEOPLE—UNIMPORTANT CHARACTERS
OFTEN ATTENDED 710 — UNCONECIOUS SELECTION — AS CIRCUMSTANCER
SLOWLY OCHANGE, 20 HAVE OUR DOMESTICATED ANIMALS CHANGED
THROUGH THE ACTION OF UNCONSCIOUS SELECTION — INFLUENCE OF
DIFFERENT BEEEDEYS ON THE SAME SUB~VARIETY—FLANTS AS AFFECTED
BY UNCONSOIOUS SELECTION—EFFECTS OF SELECTION AS SHOWN BY Tnp
GREAT AMOUNT OF DIFFERENCE IN THE PARTS MOST VALUED BY MAN,

Tue 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 new species. Hence our dis-
cussion on the canses and laws of variability ought in striet
order to have preceded the present subject, as well as inheri-
tance, crossing, &c.; 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‘diﬂéronces which arise, and gives uniformity of chq.
racter to the whole body of individuals. In separateq
districts, long-cuminucd exposure to different conditions of
life may produce new races \Vithf)uf, the aid of selection ; byt
to this subject of the direct action of the conditions of life
I shall recur in a future chapter. ‘
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When animals or plants are born with some conspicuons
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 excrcised during many years. A clearly predetermined
object must be kept steadily in view. Few mén are endowed
with all these qualities, especially with that of discriminating
very slight differences; judgment can be acquired only by
long experience; but if any of these qualities be wanting,
the labour of a life may be thrown away. I have been
astonished when celebrated breeders, whose skill and judg-
ment have been proved by their success at exhibitions, have
ghown me their animals, which appeared all alike, and have
assigned their reasons for matching this and that individual.
T'he 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 accnmulated 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 systematically endeavours to modify a breed according to
gome predetermined standard. Unconscious selection is that
which 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 changes. Unconscious selection graduates
into methodical, and only extreme cases can be distinctly
separated ; for he who preserves a useful or perfect animal
will generally breed from it with the hope of getting offspring
of the same character; but as long as he has not a prede-
termined purpose to improve the breed, he may be said to be
gelocting unconsciously.! Lastly, we have Natural selection,

1 The term wuncohscions selection has been objected to as a comtradiction:

VOL. II. N
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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.— W hat man has effected within recent
times in England by methodical selection is clearly shown by
our exhibitions of improved quadrupeds and fancy birds,
With respect o 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 only to modify the character of his flock, but to
change it altogether.” A great breeder of Shorthorns ? says,
“ In the anatomy of the shoulder modern breeders have made
“ great improvement on the Ketton shorthorns by correcting
“ the defect in the knuckle or shoulder-joint, and hy laying
“ the top of the shoulder more snugly in the crop, and thereby
“ filling up the hollow behind it. . ... The eye has its
« fashion at different periods: at one time the ¢ye high and
“ outstanding from the head, and at another time the sleopy
“ gye sunk into the head ; but these extrémes 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: « T,
¢ legs should be no longer than just to prevent the animal’g
“ belly from trailing on the ground. The leg is the least

but sc¢ some excellent observations * *On Sheep, 1838, p. 60,

on this head by Prof. Huxley (‘Nat. ' Mr, J. Wright on Shortharn
Hist. Review, Oct. 1864, p. 578), who  Cattle, iz “Journal of Royal Apricult
remarks that when the wind heaps  Soe,” vo', vii. pp. 208, 204, : 2
up sand-dunes it sifts and wacon- * H. L. Richardson ¢ Op Pigs' 1847
scionsly selects from the gravel on the  p. 44, ’ \
besch grains of sand of cqual size-
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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.

Fow persons, except breeders, are aware of the systematic
care taken in selecting animals, and of the necessity of having
a clear and almust prophetic vision into futurity. Lord
Spencer’s skill and judgment were well known; and he
writes,5 © 1t is therefore very desirable, before any man com-
« mences to breed either cattle or sheep, that he should make
“ up his mind to the ghape 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
would 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-varietics.” A great winner of prizes at the Pigeon-
shows,® in deseribing the short-faced Almond Tumbler, says,
«fhere are many first-rate fanciers who are particularly
« partial to what is called the goldfinch-beak, which is very
« heautiful ; others say, take a full-size round cherry then
« take o barleycorn, and judiciously placing and thrusting it
« into the cherry, form as it were your beak ; and that is not
wgll, for it will form a good head and beak, provided, as T
w said before, it is judiciously done; otbers take an oat: but
was I think the goldfinch-beak the handsomest, I would advise
“ the inexperienced fancier to get the head of a goldfinch, and
“keep it by him for his observation.” Wonderfully different

s cal Agricult. Soe.,”  vob. vii, 1835, p. 618,
it b * 4 ¢4 treatise on the Art of Breed.

¢ (O Sheep,’ pp. 520, 319. ing the Almond Tumbler," 1851, p, 9
* Loudon’s * Mag. of Nat. Hist.)” :
X 2
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a5 are the heaks of the rock pigeon 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 1£,'? 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,
s 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 confiued to a very limited number of
“ persons, who by devoting their whole attention to this
“department, are able from year to year to furnish a class of
“bulls which are steadily improving the general breed of the
“district.” The rearing and letting of choice rams has long
been, as is well known, a chief source of profit to several
eminent breeders. In parts of Germany this principle is
carried with merino sheep to an extreme point.)® So impor-
“tant is the proper selection of breeding 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
“ ¢ gheep-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
“ gualities of both parentsin the lambs.” In Saxony, “when

% ¢Recreations in Agriculture,’ vol,  Agricult. Soc.,’ quoted in ¢Gard,

5. p. 409, Chronicle,” 1844, p. 29.
1% Youatt on Cattle, pp. 191, 227, " Simmonds, quoted in ‘Gard,
M Ferguson, ¢ Prize Foultry,' 1854  Clronicle,” 1855, p. 637. And for
p. 208, the second quotation, see Youatt cz

o Wilson, in ¢Transact, Highland  Sheep, p, 171,
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¢ the lambs are weaned, each in his turn is placed upon a
* table that his wool and form may be minutely observed.
“ The finest are sclected 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
« g gecond mark, 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
“ glightest 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 accurafely 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
test care is bestowed on selecting the cocoons from which
the moths for breeding are to be reared. A careful cultivator'*
likewise examines the moths themselves, and destroys those
that are not perfect. But what more immediately concerns
us is 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
eggs for the whole surrounding country, and that they may
give up their whole time to this business, they are interdicted
by law from producing silk.'®
The care which successful breeders take in matching their
birds is surprising. Sir John Sebright, whose fame is 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.” 17 M. Bult,
whose pouter-pigeons won 0 many prizes, and were exported
to North America under the charge of a man sent on purpose,

% ‘v 1t 1848, p. 10 M. Simon, in ‘Bull. de la Soc,
e Robinet, * Vers 4 Soie,’ 1848, p d'Acclimat.,’ tom, ix,, 1862, p. 221,

13 Quatrefages, ‘Les Maladies du ” "l'hg Poultry Chronicle,” vil, i,
Ver & Soie,” 1859, p. 101, 1854, p. £07.
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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,'® “ I would here particularly
“ guard you against having too great a variety of pigeons,
t otherwise you will know a little of all, but nothing abont
“one as it ought to be known.” Apparently it transcends
the power of the human intellect to breed all kinds: “it
“is 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 yovng 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 these precepts, but he who laughs
will win no prizes.

What methodical selection has effected for our animals is
sufficiently proved, as already remarked, by our Exhibitions,
So greatly were the sheep belonging to some of the earlier
breeders, such as Bakewell and Lord Western, changed, that
many persons could not be persnaded that they had not been
crossed. Our pigs, as Mr. Corringham remarks,? during the
last twenty years have undergone, through rigorous selection
together with crossing, a complete metamorphosis. The first
exhibition for poultry was held in the Zoological Gardens in
1845 ; and the improvement effected since that time has been
great. As Mr. Bailey, the great judge, remarked to me, it
was formerly ordered that the comb of the Spanish cock
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,

$J. M, Eaton, ‘A Treatise on 1851, p. 11,
Farcey Pigoons, 1852, p. xiv,, and 1 tJournal Royal Agricaltural
A Treatise on the Almond Tumbler,’  Soc.,” vol. vi. p. 22,
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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 ocea-
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 required to
make a change has not often been recorded, it may be
worth mentioning that it took Mr. Wicking thirteen years
to put a clean white head on an almond tumbler’s hody,
a triumpl,” says another fancier, “of which he may he
justly prond.”*®

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 not 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 now after careful selection during sixty-five
generations, the proportion of yellow cocoons has been
reduced to thirty-five in the thonsand.

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-
gable to examine the seedlings and destroy those which
depart from the proper type. This is called * .rogning,” and
ig, in fact, a form of selection, like the rejection of inferior
animals. Experienced horticulturists and agriculturists

# {Poultry Chronicle,’ vol. ii., A 1sid. Geoffroy St.-Hilaire, ¢ Hist.
1855, p, 596, Nat, Gén.,’ tom, iii. p. 254,
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incessant.y 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
requisite 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. Mx. 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 heen discriminated and selected with almost as much
care as, in the case of the higher amimals, for instance by
Col. Le Couteur and more especially by Major Hallett.

It may be worth while to give a fow examples of method-
ical selection with plants; but in fact the great improvement
of all onr anciently cultivated plants may be attribufed to
selection long carried on, in part methodically, and in part
anconsciously. 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 Civeraria, Mr. Glenny* “as 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

2 (Gardener’s Chron.,” 1850, p. 2 tJournal of Horticulture,” 18632,
. 369,

= “Transact, Hort. See,,’ vol. vi. p. 3 Transact, Hort. Soc,,’ vol. iw,
52, p- 981,
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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
samo course obtained several varieties with six or seven rows
of petals, The single Scotch rose was doubled, and yielded
eight good varieties in nine or ten years.** The Canterbury
bell (Campanula medium) was doubled by careful selection in
four generations.*® In four years Mr. Buckman,* by culture
and careful selection, converted parsnips, raised from wild
seed, into a new and good variety. By selection during a
long course of years, the early maturity of peas has heen
hastened by between 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 seed.*

Selection by Ancient and Semi-civilised People.

In attributing so much importance to the selection of
animals and plants, it may be objected, that methodical selec-
tion would not have been carried on during ancient times.
A distinguished naturalist considers it as absurd to suppose
that semi-civilised people should have practised selection of
any kind. Undoubtedly the principle has been systematically
acknowledged and followed to a far greater extent within the
last hundred years than at any former period, and a corre-
sponding result has been 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 selection, when only occa-

2 ¢Trapsact. Hort. S, vol.iv. p.  vi. p. 965 Mr. Barnes, in ‘Gard.

285. Chronicle,” 1844, p. 47[7!.
7 Rev. W. Bromehead, in ‘Gard. % Godrea, ‘De UEspdce,’ 1859,
Chronicle,’ 1857, p. 550. tom. ii. ». 69; ‘Gard, Chronicle,’

P
% ¢Gard. Chronicle,’ 1862, p. 721. 854, p. 258
* Dr. Anderson, in ¢ The Bee," vol.
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sionally carried on, by a few of the inhabitants of a country,
will slowly produce a great cffect. i

In a well-known passage in the thirtieth chapter of Genesis,
rules are given for influencing, as was then thought possible,
the colour of sheep ; and speckled and dark breeds are spoken
of as being kept separate. By the time of David the flecca
was likened to smow. 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 pursued.” It
was ordered, according fo Moses, that “ Thou shalt not let thy
cattle gender with a diverse kind;” but mules ‘were pur-
chased,®? so that at this early pericd 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, * I seo
that you raise at your house a great many dogs for the chase.
Do yon take care about breeding and pairing them ? Among
animals of good blood, are there not always some which are
superior to the rest?” To which Glaucus answers in the
affirmative.* Alexander the Great selected the finest Indian
cattle to send to Macedonia to improve the breed.?  Acecord-
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 hreed might not
degenerate. Virgil, in his Georgics (lib. iil.), gives as strong
advice as any modern agriculturist could do, carefully to select
the breeding stock ; *“to note the tribe, the lineage, and the
gire; whom to reserve for husband of the herd;""—to brand
the progeny;—to select sheep of the purest white, and )
examine if their tongues are swarthy. We have seen thar the

31 On Sheep, p. 18. ™ Dr, Dally, transiated jn ¢ A
32 Volz, ¢ B::ltri'age zur Kulturge-  pological Ro\‘ie’w,' May 1864, ;?lotlo.
echichts,’ 1852, s, 47. * Volz, ‘Beitriige,’ &e., 1852, 4

8 Mitford's ¢History of Greece,! 80
vol. 1. P 78, n Hi.ﬂ(lry of the World,' ch, 43,
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Romans kept pedigrees of their pigeons, and this wonld have
been a senseless proceeding had not great care been taken in
breeding them. Columella gives detailed instructions about
breeding fowls: “ Lot the breeding hens therefore be of a
choice colour, “a robust body, square-built, full-breasted, with
“large heads, with upright and bright-red combs Those
“ are believed to be the best bred which have five toes,”
According to Tacitus, the Celts attended to the races of their
domestic animals; and Cwmsar states that they paid high
prices to merchants for fine imported horses.?® In regard to
plants, Virgil speaks of yearly culling the largest seeds; and
Celsus says, “ 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.” 3?

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 were put to the mares.® Even in a country so
little civilised as Ireland during the ninth century, it would
appear from some ancient verses!' describing a ransom
demanded by Cormac, that animals from particular places,
or having a particular character, were valued. Thus it
is said,—

Two pigs of the pigs of Mae Lir,

A ram and ewe both round and red,

I brought with me from Aengus,

1 brought with me a stallion and a mare

From the beautiful stud of Manannan,
A bull and a white cow from Druim Cain.

Athelstan, in 930, received running-horses as a present from
Germany; and he prohibited the exportation of English
horses. King John imported “one hundred chosen stallions
from Flanders.” ** On June 16th, 1305, the Prince of W ales

37 ¢Gardener’s Chronicle,” 1848, p. 4t Sir W. Wilde, an ‘Essay on Un.
398, manufactured Animal Remains,’ &e.,
® Reypier, ‘De I'Beonomie des 1860, p. 11, '
Celtes,” 1818, pp. 487, 503. #* Col. Hamilton Smith, ¢Nag,
* Le Couteur on Wheat, p. 15. Library,' vol. xii,, Horses, Pp. 133,
@ 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.** 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, shonld scour the heaths and
commons, and destroy all mares beneath a certain size.'$
Some of our earlier kings passed laws against the slaughter-
ing rams of any good breed before they were seven years old,
so that they might have time to breed. In Spain Cardinal
Ximenes issued, in 1509, regulations on the selection of good
rams for breeding.'®
The Emperor Akbar Khan before the year 1600 is said to
have “wonderfully improved” his pigeons by crossing the
breeds; and this necessarily implies careful selection. About
the same period the Dutch attended with the greatest 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 conies,” 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 secd 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 e(;ntury
in a remote part of North America, Mr. Cooper improved b):
careful selection all his vegetables, “ so that they were greatly
% guperior to those of any other person. When his radishes,

43 Michel, ¢ Des Haras,’ p. 90, tion on the ancient selection of sheop «

“ Mr. Baker, ‘History of the and i my authority for Tams ot
Horse,' ¢ Veterinary,” vol. xiii. p. 423.  being killed young in England,

4 M. ’Abbé Carlier, in * Journal % ¢Gardener’s Chronicle.! 1843
de Physique.” vol. xxiv., 1784, p. 181; 389 3 P
thiz memoir contains much informa-



Cuar. XX, BY SEMI-CIVILISED PEOPLE, 189

« for instance. ave fit for use, he takes ten or twelve that he
« most approves, and plants them at least 100 yards from
« others that blossom at the same time. In the same manner
¢ he treats all his other plants, varying the circumstances
« gocording to their nature.” e

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 caré the
« Jambs 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 imperial edict recommends the choice of
soed of remarkable size; and selection was practised even
by imperial hands, for it is said that the Ya-mi, or imperial
rice, was noticed at an ancient period in a field by the 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.® Tven with lowers,
the tree peony (P. montan) 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.®

Turning now to semi-civilised people and to savages: it
occcurred to me, from what I had seen of several parts of South
America, where fences do not exist, and where the animals are
of little value, that there would be absolutely no care in
breeding or selecting them; and this to a large extent is
true. Roulin® however, describes in Columbia a naked race
of cattle, which are not allowed to inerease, on account of
their delicate constitution. According to Azara 52 horses are
often born in Paraguay with curly hair; but, as the nafives

47 ¢ Communieations to Board of
Agriculture,” quoted in Dr. Darwin's
* Phytologia,’ 1800, p. 451.

48" ¢ Mmoire sur les Chinois,’ 1786,
tom. xi. p. 533 tom. v. p. 307,

# i Rocherches sur 1'Agriculture
des Chinois,” par L. D'Hervey Saint-
Denys, 1850, p. 220. With respect

to Khang-hi, sec Hue's ‘ Chinese Em-
pire,’ p. 1L

50 Anderson, in ‘Linn. Transact.,’
vol. xii. p. 253.

# «Mém. do I'Aead (divers za-
vants), tom. vi,, 1835, p. 333,

52 ¢ Des Quadrupides du Paraguay,’
1801, tom. il pp. 333, 871, -
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do mnot like them, they are destroyed. On the other hand,
Azara 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 seen that the inhabitants
sometimes introduce fresh cattle on their estates to prevent the
evil effects of close interbreeding. On the other hand, I have
heard on reliable authority that the Gauchos of the Pampas
never take uny 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
“ Tonareg 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 longér than the descendants
“ of the Darley Arabian.” % According to Pallas the Mongo-
lians endeavour to breed the Yaks or horse-tailed buffaloes
with white tails, for these are sold to the Chinese mandaring
as fly-flappers; and Moorcroft, about seventy years after
Pallas, found that white-tailed animals were still selected for
breeding.®*

We have seen in the chapter on the Dog that savages in
different parts of North America and in Guiana cross their
dogs with wild Canidm, as did the ancient Gauls, according
to Pliny. This was done to give their dogs strength and
vigour, in the same way as the kecpers in large warrens
now sometimes cross their ferrets (as I have been informed by
Mr. Yarrell) with the wild pelecat,  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, Moorcroft and
H. B. Tristram, 1850, p. 218. Trebeck, * Travels in the Himslayan
S Pallas. *Act, Asal. St. Peters-  Provinces,' 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).*® In 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 caveful 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
Turnma Indians are highly valued and extensively bartered :
the price of a good one is the same as that given for a wife :
they are kept in a sort of cage, and the Indians * take great
care when the female is in season to prevent her uniting with
a dog of an inferior description.” The Indians told Sir
Robert that, if a dog proved bad or useless, he was not killed,
but was left to die 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
“ gavages have a large, strong, and active bitch, they take
“ care to put her to a fine dog, and even take care to feed
“ her well, that her young may be strong and well favoured.”
In the interior of Africa, negroes, who have not associated
with white men, show great anxiety 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 unnusually fine horse, and the
negro King informed him that “ the owner was noted for his
« gkill in breeding horses.” TFurther 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
5 Quoted from Rafiles, in the graph_.s?c." vnl._xiii: part i p. ‘5?.
SIndian Field,' 1859, p. 196: for # Livingstone's ‘ First :l'ran:ls., Pp.
Virro, so¢ Pallas, u¢ supra. 101, 439, 563 see also * Expedition to
36 Eyman's ‘Travels in Siberia,”  the Zambesi)” 1865, p. _490, for an
Eng. translat., vol. i. p. 453, nnalogous case respecting a  geod
& 8¢ also ‘Journal of R. Geo-  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 look high-bred.”
* They rarely or never make use of a handsome animal as a
‘ beast of burden.”®® The 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 I have found recorded, is that
given by Garcilazo 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 shearved ; 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 malea’
selected from the most beantiful and strong,” were given.
their freedom. Here, then, we have selection by man aidin
natural selection. So that the Incas followed exactly the
reverse system of that which our Scottish sportsman arg
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 wag eventually
put into another flock.

In the genus Auchenia there are four forms,—the Guanace

* Andersson’s ‘Travels in South 136,
Africa pp. 282, 318, 319. “ ‘The Natural Hj
_ * Dr, Vavasseur, in ‘Bull dela  Side,’ 1855, p, 478, story of Dee
3oc. d’Acclimat,,” tom. viii,, 1861, p.
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and Vicuna, found wild and undoubtedly distinet species;
tl_:e- Llama and Alpaca.-known only in a domestimte?‘:::::-’
dition. Thege four animals appear so different, that most
fmtura.hsts, 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
a 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 seem 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 game throughout the world : fashion
everywhere reigns supreme, and man is apt to value whatever
he may chance to possess. We have seen that in South
America the niata cattle, which certainly are not made useful
by their shortened faces and upturned nostrils, have been
preserved. The Damaras of South Africa value their cattle for
uniformity of colour and enormously long horns. And T will
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
to Youatt,® « speaks of a hundred white cows with red ears
demanded as a compensation by the princes of North
Wales. If the cattle were of a dark or black
o be presented.” So that colour was
before its subjugation by England. In
that beats the ground with its tail js
Africa some of the Damaras will not eay

“ being
*and South
«oolonr, 150 were t
attended to in Wales
Central Africa, an 0X
killed ; and in South

1860, p. 457. © ‘Cattle’ p. 48,

e tByll, de a Soc, d'Acelimat.,” tom, ¥ii,
0
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the flesh of a spotted ox. The Kaffirs value au animal with
a musical voice; and “at a sale in British Kafiraria 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, because 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
pommé 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
and others at an ancient period were prejudiced in favour of
certain colours; and “ white or slate-colonred hunting dogs
were not esteemed.” o

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

, forinvalids.®* In Guiana,as 1 am informed by Sir R. Schom-
burgk, the aborigines will not eat the flesh or egas of the
fowl, but two races are kept distinct merely for ornument,
In the Philippines, no less than nine sub-varieties of the LAme-
cock are kept and named, so that they must be separately
bred.

At the present time in Europe, the smallest peculi
are carefully attended to in our most useful animals,
from fashion, or asa mark of purity of blood, Many ex
could be given; two will suffice. “In the Western counties
“ of England the prejudice against a white pig is nearly gg
“strong as against a black one in Yorkshire.” Tn one of the

arities
either
amples

“ Livingstone's Travels, p. 576 “ . Michel, * Des Haras’

Andemnn,g“ Lake Ngami,' 1854, P 50, > PP 47,

222, With respect to the sale in *7 Col. Hamilton Smith, Dogs, in

Kaffraria, soe ‘Quarterly Review,' ‘Nat. Lib.’ vol. x, p, 103, s

o SR
© ¢ Mémuire sur les Chinois® (by the  guay,” tom, ii, p. 324,

Josuits), 1786, tom. x.. 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 few
¢ ywhite hairs behind cach shounlder.” 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 bLreeds of
cattle, says the horns have been considerably modified, as
% g clean, small, sharp horn has been fashionable for the last
twenty years.”™ In a part of Germany the cattle of the
Race de Gfoehl are valued for many good qualities; but they
must have horns of a particular curvature and tint, so much
so that mechanical means are applied if they take a wrong
direction ; but the inhabitants * consider it of the highest
« importance that the nostrils of the bull should be flesh-
& goloured, and the eyelashes light; this is an indispensable
s gondition. A calf with blue nostrils would not be pur-
# chased, or purchased at a very low price.” " Therefore let
no man say that any point or character is too trifling to be
methodically attended to and selected by breeders.

Unconscious Selection,—By this term T mean, as already more
than once explained, the preservation by man of the most
valued, and the destruction of the least valued individuals,
sithout any conscious intention on his part of altering the
breed, It is diffieult 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 wnintentionally,
there is little difference between methodical and unconscious
selection. In both cases man preserves the animals which
are most useful or pleasing to him, and destroys or neglects
the others. DBut no doubta far more rapid result follows from
methodical than from unconscious selection. The “ roguing
of plants by gardeners, and the destruction b): law in Henry
VIIl’s reign of all under-sized mares, are instances of o
process the reverse of selection in the ordinary sensé of the

o § i rouatt, 1860,  vol.ii. p. 182,
: 2:,342!!5&.)"5 odit, of Youatt, ’ 7 Mo . et Guyot“ Du Bauf,! 1830.

Fie “Rural Economy of Yorkshire”  p. 947
02



196 SELECTION. Cuar. XX,

word, but leading to the same general resnlt. 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 families. This at least is the conclusion of some of
those who have closely studied the effects of the conscription;
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
scarcely possible to separate them. When a fancier long ago
first happened tc notice a pigeon with an unusually short
beak, or one with the tail-feathers unusually developed,
although he bred from these birds with the distinet intention
of propagating the variety, yet lie could not have intended to
malke 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 historieal
evidence given in the chapters on the Pigeon, and from the
comparison of birds brought from distant countries.

So it has been with dogs; our present fox-hounds differ
from the old English hound ; our greyhounds have become
lighter : the Scotch deer-honund 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 mothodically
made the breeds exactly what they now are, As our horges
became fleeter, and the country more cultivated and smoother
fleeter fox-hounds were desired and produced, but probabl):
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without any one distinctly foreseeing what they would become.
Qur 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 extinet, 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, T 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, *“ Could
any one in this year of 1856, looking at our race-horses,
conceive that they were the result of the union of the Arab
horse and the African mare?”? This change has, it is
probable, been largely effected throngh unconscious selection,
that is, by the general wish to breed as fine horses as possible
in each generation, combined with training and high feeding,
but without any intention to give to them their present
appearance. According to Youatt,' the introduction in Oliver
Cromwell's time of three celebrated Bastern stallions speedily
affected the English breed; *“so that Lord Harleigh, one of
the old school, complained that the great horse was fast dis-
nppearing." This is an excellent proof how carefully selection
must have been attended to; for without such care, all traces
of so small an infusion of Eastern blood would soon have been
absorbed and lost. Notwithstanding that the climate of
England has never been esteemed particularly favourable to
the horse, yet long-continued selection, both methodical and
unconscious, together with that practised by the Arabs during
a still longer and earlier period, has ended in giving us the
best breed of horses in the world. Macaulay ™ remarks,

™ iThe Indis Sporting Review,’ 7 ‘The Home'p.22. ~
vol. i, p.elﬂl; ‘Thepgtud Farm,’ by * ¢ History ¢© Lngland,’ wul, i, p,
Cexil, p. 58, 8%
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wTwo men whose aunthority on such subjects was held in
« great esteem, the Duke of Newecastle 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
« be as eager to obtain horses from England as ever the
“ English had been to obtain horses from Barbary.”

The London dray-horse, which differs so much in 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. 1f 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 unconscious selection, in an early stage, are
well shown in the difference between the flocks descended
from the same stock, but separately reared by careful breeders.
Youatt gives an excellent instance of this fact in the sheep
velonging to Messrs. Buckley and Burgess, which “ have been
« purely bred from the original stock of Mr., Bakewell for
« ypwards 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-
« anoe between the sheep possessed by these two gentlemen is
« go great, that they have the appearance of being quite
« different varieties.”™® I have seen several’ analogous and
well-marked cases with pigeons : for instance, T had a family
of barbs descended from those long bred by Sir J. Sebright
and another family long bred by another fancier, and the twt;
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 appearance

15 ¢ Usber Bestandigkeit der Arten. ™ 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.’? ‘I'he Hereford cattle
assumed their present well-marked character soon after the
year 1769, through careful selection by Mr. Tomkins,™ and
the breed has lately split iuto two strains—one strain having
a white face, and differing slightly, it is said,’ in some other
points: but there is no reason to believe that this split, the
origin of which is unknown, was intentionally made; it
may with much more probability be sttributed to different
breeders having attended to different points. So again, the
Berkshire breed of gwine in the year 1810 had greatly changed
from what it was in 1780; and since 1810 at least two
distinct sub-breeds have arisen bearing the same name.®
Keeping in mind how rapidly all animals increase, and that
gome must be annually slaughtered and some saved for
breeding, then, if the same breeder during a long course of
years deliberately settles which shall be saved and which
ghall be killed, it is almost inevitable that his individual
turn of mind will influence the character of his stock,
without his having had any intention to modify the breed.
Unconscions 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 thonght of the
future, must have gone on oceasionally from the remotest
period and amongst the most barbarous nations. Savages
often suffer from famines, and are sometimes expelled by war
from their own homes. In such cases it can hardly be doubted
that they wpuld save their most useful 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 use—dogs catch otters.” The same sound
sense would surely lead them to preserve their more usef‘ul
Jogs when still harder pressed by famine. Mr. Oldfield, who
has seen so much of the aborigines of Australia, informs me

7 sUeber Shorthorn Rindvich,'  ¢Quarterly Revigw,” 1849, P
57, 5. 51 892,
18;7’1;,,’. " ¢ Domesticated Animals’ % H. von Nathusins, ‘Vorstudien
1845, p. 363, « « o+ Schweineschiidel,’ 1854, 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 infant 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 unimals
would ultimately lead to the formation of two widely distinet
breeds.
LJ

With plants, from the earliest dawn of civilisation, the best
variety which was known wonld 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
conrse 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 sced 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 were 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
geen on an ancient mosaic at Rome a representation of the
mtlon : and as the Romans, who were such gourmands, are
gilent 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,

M S also Dy, Christ, in Riiti- 82 The passage is given, ¢ Bull, Soe,
meyer's  Pfahlbauten,’ 1851, 5, 226.  d"Acclimat.,,’ 1838, p. 11
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fruit, and vegetables which were then cultivated with some
excellent drawings made a hundred and fifty years previously,
was struek 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 florist 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 fignred 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,
“ Whata 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 accunmu-
lative force of selection! The Dahlia has advanced in beauty
in a like manner; the line of improvement being guided 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 yere
grown in 1813, adds, * the pinks of those days would now be
“ searcely grown as border-flowers.” The improvement of
g0 many flowers and the number of the varieties which have
been raised is all the more striking when we hear that the

8 ¢ Journal of Horticulture, 1862,  Floricult. Soc,, in ¢ Gardener's Chroe
p. 394, nicle,” 1843, p. 86,
8 ¢Gardener’s Chronicle,’ 1857, 83 ¢« Journal of Horticultare,” Oct,
24th, 1863, p. 239,

p. 85,
85 Seg Mr, Wildman's address to the
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earliest known flower-garden in Europe, namely at Padua,
dates only from the year 1545.57

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 cnlti-
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 varieties of the
same species close to one another. The comparison of the
amonnt of difference between widely different organs is neces-
sarily vague; I will therefore give the results in only a fow
cases. We have previously seen in the ninth chapter how
greatly the varicties of the cabbage differ in their foliage and
stems, which are the selected parts, and how closely they re-
gemble one another in their flowers, capsules, and seeds. In
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

L] mes ¢ Hist, of Mexico,” vol.  eloventh chapters 1 have given details
on the potato; and I can confirm

‘P Sag garet, ¢Pomologie Physiolo-  similar remarks with respect to the

ue,” 1830, p, 47 ; Gallesio, *Teoria  onion, I have also shown how fur

Tll’Rlpmd!lx](lne,' 1816, p. 88; Naudin concurs in regard to the

Godmn, ¢ De lbp&-ce, 1859, tom, il.  varieties of the melon,
Pp. 63, 67, 70. In my tenth and
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presented, if we compare the flowers of the varieties 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 varieties of maize, peas, beans, &c., which are
valued and cultivated for their sceds. In the ninth chapter
it was shown that the varieties of the pea differ but little
except in the tallness of the plant, moderately in the shape of
the pod, and greatly in the pea itself, and these are all selected
points. The varieties, however, of the Pois sans parchemin
differ much morein 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.

’I?he varieties of the gooseberry, 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 seed of the strawberry, which corre-
sponds with the fruit of the plum, differs hardly at all; whilst
every one knows how greatly the fruit—that is, the enlarged
receptacle — differs in 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 varieties of this tree have been formed, which differ
more in flower than in fruit, If, as is highly probable, the
peach is the modified descent of the almond, a surprising
amount of change has been effected in the same species,
in the fleshy covering of the former and in the kerncls of the
latter.

When parts stand in close relationship to each other, such
as the sced and the fleshy covering of the fruit (whatever
its homological nature may be), changes in the one ars
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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 varietics produce plums which are nearly
alike, but include stones extremely dissimilar in shape;
whilst conversely other varieties produce dissimilar fruit
with barely distinguishable stones; and generally the stones,
though they have never been subjected to selection, differ
greatly in the several varieties of the plum. In other
cases organs which are not manifestly related, through
some unknown bond vary together, and are consequently
liable, without any intention on man's part, to be simul-
taneously acted on by selection. Thus the varictics of the
stock (Matthiola) have been selected solely for the beauty of
their flowers, but the seeds differ greatly in colour and some-
what insize. 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 [ used first to make a list
of the varieties which differed most from each other in their
foliage and manner of growth, afterwards of those that differed
most in their flowers, then in their seed-capsules, and lastly
in their mature seed ; and T 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 hy
supposing that species endowed with an especial tendency to
vary in any particular manner were originally chosen. Wae
must attribute the result to the variations in these parts
having been successively preserved, and thus continually
angmented ; 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
made, 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 notliing of the same kind; buta
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 aré 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
“to persuade myself that this astonishing figure was an
‘“ accidental consequence of degeneration.”*® Had Blumen-
bach reflected on the great principle of selection, he wouid 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,
bulbs, flowers, fruit, or seed 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
« nount of difference both in kind and degree. And this
result may be safely attributed to man having preserved
during a long course of generations the variations which
were useful to him, and neglected the others,

% Godron, *De I'Espece, tom. ii. ™ {The Anthropolcgical Treatises
p. 27 of Blumenbach,’ 1856, p, 292,
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T will conclude this chapter by som: 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 doumbt, if the neck
of a ruminant were suddenly to become greatly elongated,
the fore limbs and back would have to be simuitancously
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 little 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 wonld make all the
difforence 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 thig
case we know that inexperienced breeders are nrged 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 struetn
with ‘its tapering head, slim body, deep chest, tucked-n
abdomen, rat-like tail, and long muscular limbs, all adapteg
for oxtreme fleetness, and for running down 'ka pre
Now, from what we see of the variability of animals, ﬂ!f;l
from what we know of the method which different men follow
in improving their stock — some chiefly attending o one
point, others to another point, others again correcting defects
by crosses, and so forth—wé may feel assured that if e
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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
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
“ga 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 distinetly only in a dull light, and this
condition depends, I believe, on the abnormal sensitiveness of
the retina, and is known to be inherited. Now if a bird, for
instance, reccive some great advantage from seeing well in
the twilight, all the individunals with the most sensitive
retina would succeed best and be the most likely to survive;
and why shonld 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-
sequently intercross and blend their respective advantages.
By such slight successive changes, the eye of a diurnal bird
would be brought into the condition of that of an owl, which

91 My, J.J. Murphy, in his opening  cautiously given by the Rev, C,
address t*the Belfast Nat. Hist. Soc,, Pritchard, Pres. Royal Astronomical
as given in the ¢ Belfas® Northern  Soc, in his sermon (Appendix, p. 333

Whig,” Nov. 19, 1866. Mr. Murphy  preached before the British Associa
here follows the line of argumeat tion at Nottingham, 1366,

agains® my viewsprev: susly and more

.
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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 distinctly 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 counld
certainly see distant objects more distinetly than our sailors
with all their long practice; I do not know whether this
depends npon gensitiveness or on the power of adjustment in
the focus; but this capacity for distant vision might, it is
probable, be slightly augmented by successive modifications
of either kind, Amphibious animals 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 aguatic in its
habits, very slight changes, first in the curvature of the
cornea or crystalline, and then in the density of the humonrs,
or conversely, might successively occur, and would be advan-
tageous to the animal whilst under water, without serions
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 respeet to the lowest animals in the scale,
the transitional states throngh which the eye at first probably
passed, can by the aid of analogy be indicated, as 1 have
attempted to show in my ‘ Origin of Species.” **

* On the Vision of Fishes and p. 463,
Amphibia, translated in ¢ Annais and # Sizth edition, 1972, p #
Mag. of Nat, Hist,,” vol. xviii,, 1866,
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OHAPTER XXT,
SELECTION, confinued.

NATURAL SELECTION AS AFFECTING DOMESTIC FRODUCTIONS — CHARACTERS
WHIOH AFPPEAR OF TRIFLING VALUE OFTEN OF REAL IMFORTANCE—
CIRCUMETANCES FAVOURABLE TO BELECTION BY MAN — FACILITY IN
PREVENTING CKOSEES, AND THE NATURE OF THE CONDITIONS — CLOSE
ATTENTION AND PERSEVERANCE INDISFENSABLE-—THE FRODUCTION OF A
LARGE NUMBER OF INDIVIDUALS ESPECIALLY FAVOURABLE—WHEN XNO
SELECTION 18 APPLIED, DISTINGT RACES ARE NOT FORMED-—HIGHLY-BRED
ANIMALS LIABLE TO DEGENERATION—TENDENCY IN MAN TO CARRY THE
SELECTION OF EACH CHARACTER TO AN EXTREME POINT, LEADING TO
DIVERGENCE OF CHARACTER, RARELY 70 CONVERGENCE — CHARACTERS
CONTINTING TO VARY IN THE SAME DIRECTION IN WHICH THEY HAVE
ALREADY VARIED—DIVERGENCE OF CHARACTER, WITH THE EXTINCTION
OF INTERMUDIATE VARIETIES, LEADS TO DISTINCTNESS IN OUR DOMESTIO
RACES—LIMIT TO THE POWER OF SELECTION—LAPSE OF TIME DIPORTANT
—MANNER IN WHLCH DOMESTIC RACES HAVE ORIGINATED —SUMMARY.

Natural Selection, or the Survival of the Fitlest, as affecting
domestic productions—WE know little on this head. But as
animals kept by savages have to provide throughout 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
sncoeed best, and so be naturally selected. Hence perhaps it
is that the few domesticated animals kept by savages partake,
as has been remarked by more than one writer, of the wild
appearance of their masters, and likewise resemble natural
species. Even in long-civilised countries, at least in the
wilder parts, natural selection must act on our domestic races.
1t is obvious that varieties having very different habits, consti-
tution, and structure, would succeed best on mountains and
on rich lowland pastures. For example, the improved Lei-
cester sheep were formerly taken to the Lammermuir Hills;
but an intelligent sheep-master reported that *our coarse
« Jean pastures were unequal to the task of supporting such
« heavy-bodied sheep; and they gradually dwindled away
« into less and less bulk: each generation was inferior to the

$OL. 1L, »
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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
lowland breeds. Two French naturalists, in describing the
horses of Circassia, remark that, subjected as they are to
extreme vicissitudes of climate, having to search for scanty
pasture, and exposed to constant danger from wolves, the
strongest and most vigorous alone survive,?

Every one must have been struck with the Surpassing
grace, strength, and vigour of the Game-cock, with its bold
and 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 My,
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-
ration, and have subsequently 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 eattle and sheep ; “they were indigengng
“ to the soil, climate, and pasturage of the locality on whicl,
*“ they grazed: they scemed to have been formed for it and
* by it.”* But in this case we are quite nnable to disentanglo
the effects of the direct action of the cond; tions of life,—op
use or habit—of natural selection—and of that king of

! Quoted by Youatt on Sheep, p.  viii,, 1861, p. 311,
325, Sce also Youatt on Cattle, PP 3 {The Ponltry Book, 1866, p, 193
62, 60, Mr, Tegotmeier, * The Homing op c;,'
* MM, Lherbette and De Quatre- rier Pigeon,’ 1871, pp. 45_58, ’
fages, in * Bull. Soe, d"Acclimat.,” tom. * Youatt on Sheep, p 812,
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selection which we have seen is occasionally and uncon-
sciously followed by man even during the rudest periods of
history.

Let us now look to the action of natural selection on special
characters. Although nature is difficult fo 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 gelection acting under natural conditions would
determine the structure of all important organs, yet that it
could not affect characters which are esteemed by us of little
fiportance ; 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
so often in bringing forth their calves, that the attempt had
to be given up. In rearing short-faced tumblers, Mx. Eaton
says,® “ I am convinced that better head and beak birds have
“ perishcd in the shell than ever were hatched; the reason
« heing that the amazingly short-faced bird cannot reach and
« phreak the shell with its beak, and so perishes,” Here is
a more curious case, in which natural selection comes into
play only at long intervals of time: during ordinary seasons
the Niata cattle can graze as well as others, but occasionally,
as from 1827 to 1830, the plains of La Plata suffer from long-
continned droughts and the pasture is burnt up; at such
times common cattle and horses perish by the thousand, but
many survive by browsing on twigs, reeds, &c.; this the

s ¢ Treatise on the Almond Tumbler,’ 1851, p, 33.
P2
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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 bafore 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 tkis case, however,
natural selection determines only the range of the variety.
It is obvious that a host of artificial races could never survive
in a state of nature ;—such as Italian greyhounds,—hairless
and almost toothless Turkish dogs,—fantail pigeons, which
cannot 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
cannot cope with other males, and thus have a poor chance
of leaving offspring,—seedless plants, and many other such
cases. %

Colour is generally esteemed by the systematio naturalist
as unimportant: let us, therefore, see how far it indirectly
affects our domestic productions, and how far it wonld 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 certain poisons, are correlated with
the colonr 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 animalg
feed on the roots of the Lachnanthes tinctoria, which colourg
their bones pink, and, excepting in the case of the black
varieties, canses the hoofs to drop off. Hence, as one of the
squatters remarked, “we select the black members of the
litter for raising, us 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 Tarenting the
inhabitants keep black sheep alone, because the Hypericum
crispum abounds there; and thig plant does not injure black
sheep, but kills the white ones in about a fortnight’s time,s

Complexion, and liability to certain diseases, are believeq

¢ Dr. Heusinger, ¢ Wochenschrift filr die Heilkunde,’ Berlin, 1846, 5, 279
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to run together in man and the lower animals. Thus white
terriers suffer ncore 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
“mnever known the green or yellow fruited varieties infectod
“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 peculiax
to that continent, and more than nine-tenths of the victims,
“when the disease first appeared, were the yellow-fleshed
 peaches. The white-fleshed kinds are much more rarely
“attacked ; in some parts of the country never,” In Mauri-
tius, the white sugar-canes have of late years been so severely
attacked by a discase, that many planters have been compelled
to 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, there cannot be a doubt that the
colour of the flesh or skin of the fruit, unimportant as these
characters are considered, would have rigorously determined
their existence.

Liability to the attacks of parasites is also conneocted with
colour. White chickens are certainly more subject than dark-
coloured chickens to the gapes, which is caused by a parasitic
worm in the trachea.’® On the other hand, experience has
shown that in France the caterpillars which produce white
cocoons resist the deadly fungus better than those producing
vellow cocoons.!*  Analogons facts have been observed with
i)]ants: a new and beautiful white onion, imported from
France, though planted close to other kinds, was alone attacked
by a parasitic fungus.!®* White verbenas are especially liable
to mildew.'? Near Malaga, during an early period of the vine-
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disease, the green sorts suffered most; “and red and vlack
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 15 the inhabitants
do not like grey, white, or pale cattle, because they are much
more froubled 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 insects. 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 a 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
pelargoniums suffer most; and from various accounts it i
clear that the cloth-of-gold variety will not withstand a
degree of exposure to sunshine which other varieties enjoy.
Another amateur asserts that not only all dark-colonred
verbennu, but likewise scarlets, suffer from the sun: “the
paler kinds stand better, and pale blue is perhaps the best of
all.” So again with the heartsease (Viola tricolor); hot

1 ¢ Gardener’s Chronicle,” 1852, in West Indies, ‘Home and (o],

. 435, 691 Library,’ p. 100,
Pl"4B:chstein,‘Naturgcwh.l)emsch- '* Sidoey's edit. of Youatt on the
lands,” 1801, B. i. s 310. Pig, p. 24, 1 have given analogous

W Prichard, ¢ Phys. Hist. of Man-  facts in the case of mankind 5 my
kind,’ 1851, vol. i. p. 22+. * Descent of Man,” 2nd edit. p, 193,

17 G, Lewis's ¢ Journal of Residence



Crar. XX 215

weather suits the blotched sorts, whilst it destroys 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 believed by
many agriculturists that red wheat is hardier it northern
climates than white wheat.*

With animals, white varieties from being conspicuous are
the most liable to be atfacked by beasts and birds of prey.
In parts of France and Germany where hawlks 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, whi'te
is the one colour which for the same reason is dislikecl.2t
Prof. G. Jaeger® whilst fishing found four pigeons whiich
had been killed by hawks, and all were white; on another
occasion he examined the eyrie 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 Ireldnd
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
to stock his woods with a nearly white and hardy Jcind of
rabbit, accounted in the same manner for their early dis-
appearance. Any one who will watch a white cat prowling
after her prey will soon perceive under what a disadvantage

she lies. g
The white Tartarian cherry, “ owing either to its colour
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being so much like that of the leaves, or to the fruit 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, wonld 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 counld be seen on the adjoining trees
of the common kind. A friend informs me that a mountain-
ashy (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
thei mountain-ash would thus be more freely disseminated,
and the yellow-berried variety of the holly less freely, than
tha common varieties of these two trees.

,Independently of colour, trifling differences are sometimes
found to be of importance to plants under cultivation, and
would be »f paramount importance if they had to fight their
own' battle and to strnggle 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 pess over and thus favour the
filbert, destroying only the other kinds of nuts which grew
in the same orchard.*?

Clertain varieties of the pear have soft bark, and these
suffer severely from wood -boring beetles; whilst other

24 {Tranenct, Hort. Soe,’ vol. i, 2nd = ¢Gardener's Chronizle,” 1843,
series, 1835, p. 275, For raspberries,  806.
see *Gard, Chronicle, 1855, p. 154, ** 1bid., 1850, p. 132,
and 1563, p. 245. 27 [hid., 1860, p. 956.
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varieties are known to resist their attacks much better.?® TIn
North America the smoothness, or absence of down on the
fruit, makes a great difference in the attacks of the weevil,
‘ ywhich is the uncompromising foe of all smooth stone-fruits ;"
ard the cnltivator * has the frequent mortification of seeing
nearly all, or indeed often the whole crop, fall from the trees
when half or two-thirds grown.” THence the nectarine
suffers more than the peach. A particular variety of the
Morello cherry, raised in North America, is, without any
‘ussignable cause, more liable to be injured by this same insect
than other cherry-trees.”® From some unknown cause, certain
varieties of the apple enjoy, as we have seen, the great ad-
vantage in various parts of the world of not being infested by
thecoccus. 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-
ter of the least importance, for they are present or absent in
closely-related sub-varieties, descended from the same parent-
tree; yet there is good evidence®® that the absence of
glands leads to mildew, which is highly injurious to these
trees.

A difference either in flavour orin the amount of nutriment
in certain varieties causes them to be more eagerly attacked
by various enewies than other varieties of the same species.
Bullfinches (Pyrrhula wvulgaris) injure our fruit-trees by
devouring the flower-buds, and a pair of these birds have
been seen * to denude a large plum-tree in a conple of days of
almost every bud;” but certain varieties™ of the apple and
thorn (Crategus ozxyacantha) are more especially liable to
be attacked. A striking instance of this was observed in
Mr. Rivers's garden, in which two rows of a particular

3 ¢ Journal of Horticulture,” Sept,
26th, 1865, p. 254; sec other re-
ferences given in chap. x.

3 Mr. Selby, in ‘Mag. of Zoology
and Botany’, Ediuburgh, vol. ii., 1838,
p. 893,

# J. De Jonghe, in *Gardener’s
Chronicle,' 1860, p. 120. Y

# Downing, * Fruit-trees of North
America,’ pp. 266, 501 : in regard to
the cherry, p. 198,

# ¢ Gardener’s Chronicle,’ 1349, p.
755.
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variety of plumn® had 1o be carefully protected, as they wers
usually stripped of all their buds during the winter, whilst
other sorts growing necar 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. John’s-day-rye,
when both grow together?* In the southof France, when
an orchard of almond-trees is formed, the nuts of the bitter
variety are sown, “in order that they may not be devoured
by field-mice;"*% 50 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 because 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 ears are dashed together by the
wind.®" If several varieties of a plant are grown together,
and the seed is indiscriminately harvested, it is clear that the
hardier and more productive kinds will, by a sort of natural
selection, gradually prevail over the others; this takes place,
as Colonel Le Couteur believes, ** in our wheat-fields, for, as
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formerly shown, no variety is guite uniform in character.
The same thing, as I am assured by nurserymen, would take
place in our flower-gardens, if the seed of the different
varietics 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.?*

Facts in sufficient number have now been given showing
that natural selection often checks, but occasionally favours,
man’s power of selection. These facts teach us, in addition,
a valuable lesson, namely, that we ought to be extremely
cautious in judging what characters are of importance in a
state of nature to animals and plants, which have to struggle
for existence from the hour of their birth to that of their
death,—their existence depending on conditions, about which
we are profoundly ignorant.

Cireumstances favourable to Selection by Man,

The possibility of selection rests on variability, and this, as
we shall see in the following chapters, mainly depends on
changed conditions of life, but is governed by infinitely 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 individunal
animal and plant would in most, probably in all, cases suffice
for the production of distinet races through careful and pro-
longed selection. We 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;
hence facility in pairing, as with the pigeon, is highly

3 Mr, Hewitt and others, in ¢ Jour- 4 ¢Encyclop. of Rural Sports® p.
pal of Hort.," 1862, p. 773, 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. TUn-
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 inhospitéble land,
such as the Falkland Islands, where even the light horses of
La Plata rapidly decrease in size. It seems impossible to
preserve several English breeds of sheep in France; for as
soon 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-
gified and unfavourable conditions. The power of selection
is so 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 augmented, though treated in every way
alike, being exposed to the same climate and fed on the same
food. Selection, however, i8 either checked or favoured by
the effects of use or habit. Our wonderfully-improved pigs
could never have heen formed if they had been forced to
gearch 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 conspicuouns deviations of structure ocour rarely, the
improvement of each breed is generally the result of the
selection of slight individual differences. Tence the closest
attention, the sharpest powers of observation, and indomitable
perseverance, are indispensable. It is, also, highly important

# (%l. Le Couteur, ‘Journal Roy. Ag:icnlt. Soc.,’ vol, xiv,, 1833, Pp- 215,
Agricult, Soc.,’ vol. iv. p. 43, 217.
* Malingie - Nounel,  Journal E.
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that many individuals of the breed which is to be improved
should be raised ; for thus there will he 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. DBut that a large number of individuals should be
raised, it is necessary that the conditions of life should favour
the propagation of the species. 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
number 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 variety 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,
¢ gearcely a season passes without some new kinds being
raised, or some improvement effected on old kinds. ™ At
Kew, as Mr. Beaton remarks, where many seedlings of common
plants are raised, “ you see new forms of Laburnums, Spireas,
and other shrubs.”**  So with animals: Marshall ** in 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, “ I
breed many, and hang many.” This, as another man remarks,
“was the secret of his success ; and the same will be found in
exhibiting fowls,—successful competitors breed largely, and
keep the best.” 47

It follows from this that the capacity of breeding at an
early age and at short intervals, as with pigeons, rabbits, &e.,
facilitates selection ; for the result is thus soon made visible,
and perseverance in the work encouraged. It can hardly be -
an accident that the great majority of the culinary and agri-
cultural plants which have yielded numerous races are annuals

4 ¢ Gardener's Chronicle,’ 1845, p. 368,

o ‘¢ * A Review of Reports,’ 1808, p
44 ¢ Jonrnal of Hortioulture,” 1862, 4067' '
aer 47 ¢ Gardener's Chronicle,’ 1853, p,

4 ¢Cottage Gardener,’ 1860, p. 4.
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or biennials, which therefore are capable of rapid propagation,
and thus of improvement. Sea-kale, asparagns, common and

Jerusalem artichokes, potatoes, and onions, must be excepted,

as they are perennials: but onions are propagated like annuals,
and of the other plants just specified, none, with the exception
of the potato, have yielded in this country more than one or
two varieties. In the Mediterranean region, where artichokes
are often raised from seed, there are several kinds, as I 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 distinct races will
not be formed, if from any cause selection be 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-
domesticated from an extremely remote period, nor the cochi-
neal insect, which was cultivated by the aboriginal Mexicans, i
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
salected for breeding, do not, as formerly remarked, yield dis-
tinet races within the same country. Dogs are held in
" abomination in the Fast, and their breeding is neglected ;
consequently, as Prof. Moritz Wagner ‘* remarks, one kind
alone exists there. The ass ‘n England varies much ip

# Jsidove Geoffroy Sai st-Hilaire, _" ‘I_’ie Darwin'sche Theorie und dne
* Hist. Nat. Gen.,” tom. iii, p 49. *On Mlg‘t‘ntmnxgmqt; der Orgauismen,’
the Cochineal lasect,’ p. 46 1868, 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 distinet
races have not been formed. We must not attribute the
inferiority of our asses to climate, for in India they are of
even smaller size than in Burope. 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 200L having been paid for a
stullion ass, and they have been immensely improved. In
Kentucky, asses have been imported (fog‘ 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 facts have been observed with plants: the
nutmeg-tree in the Malay archipelago is highly variable, but
there has been no selection, and there are no distinct races.®
The common mignonette (Reseda odorata), from bearing 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
may be seen in every extensive nursery-ground ; but as they
are not valued like fruit-trees, and as they seed late in life,
no selection has been applied to thew; consequently, as Mr.
Patrick Matthews remarks,* they have not yielded distinct
races, leafing at different periods, growing to different sizes,
and producing timber fit for different purposes. We have
gained only some fanciful and semi-monstroms varicties,
which no doubt appeared suddenly as we now see them.

Some botanists have argued that plants cannot have so

» Iyth 45.
i ‘JE:;I;;: h‘!\:;":{‘:t,srg‘ot:‘: bl{efg)nl,' y # Mr. Abbey, in ¢ Journal of Hortje
vol. xxviii. p. 229, enlture,” Dec. 1, 1863, p. 430,

3 My, Oxey, “Journal of the # ¢On Naval Timber, 1831, P
Indiun Archipelago,” vol- ii., 1848 p. 107,
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strong a 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.
Let 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 variety and sow the
seed, and then, if distinet races are not produced, the argument
will be valid.

The importance of selection is likewise 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 characteristic of
each race; but in Dorkings, fashion has never demanded
uniformity of comb or colour; and the utmoest 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 54 X

During the formation or improvement of a breed, itg
members will always be found to vary much in those
characters to which especial attention is directed, and of
which each slight improvement js eagerly sought and selected,
Thus, with short-faced tumbler-pigeons, the shortness of the
beak, shape of head and plumage,—with carriers, the length
of the beak and wattle,—with fantails, the tail and carriage,
—with Spanish fowls, the white face and comb,—With long-
eared rabbits, the length of ear, 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 breeq-
ing them up to the highest standard of excellence. Thiy
subject has been discussed by fanciers,” und the greater

# Ar. Baily, in ‘The Poultry Chro- 5 ¢ Cottage Gardener,” 1855, b,
nicie,” vol. i, 1854, p. 1500 Also  cember, p. 171; 1856, Jasuary, pn
vol. i. p. 3423 vol. iii. p. 245. 248, 323,
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prizes given for highly improved breeds, in comparison with
those given for old breeds which are not now undergoing
rapid :mprovement, 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 confinue varying
in the same manner we must admit, for if it were not so,
there conld be no improvement beyond an early standard of
excellence, and we know that such improvement is not only
possible, but is of general oceurrence.

As a consequence of continned variability, and more espe-
cially of reversion, all highly improved races, if neglected or
not subjected to incessant selection, soon degenerate. Yonatt
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, whenever there has been neglect, the breed has
& proportionally deteriorated.”®* If a considerable number
of improved cattle, sheep, or other animals of the same race,
were allowed to breed freely together, with no selection, but
with no change in their condition of life, there can be no
doubt that after a score or hundred generations they would
he very far from excellent of their kind; but, from what we
see of the many common rdces of dogs, cattle, fowls, pigeons,
&e., which without any particular care have long retained
nearly the same character, we have no grounds for believing
that Ehey wounld altogether depart from their type.

It is o general belief amongst breeders that characters of
oll kinds become fixed by long-continued inheritance. But 1

Shorthorn  Rindvieh,’ 720, For the Glamorganshira cattle,

« 888 [Teh
e sce Youatt on Cattle, p. 51

1857, 8. 51, %
87 ¢The Veterinary,” vol. xiii. p-

VOL. IL g
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have attempted to show in the fourteenth chapter that this
elief apparently resolves itself into the following proposition,
namely, that all characters whatever, whether recently
acquired or ancient, tend to be transmitted, but that those
which have already long withstood all counteracting in-
fluences, will, as a general rule, continue to withstand them,
and consequently be faithfully transmitted.

Tendency in Man to carry the practice of Selection to an extreme
point.

It 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
horses 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 produce
fruit, grain, tubers, and other useful parts of plants, as large
and excellent as possible.  With animals bred for amusement,
the same prineiple 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
“Lam 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
* earrier’s head and beak ; leaving it as they found it, is not
“ progressing.”  Ferguson, speaking of fowls, says, * their
* peculiarities, whatever they may be, must necessarily be
“ fully developed: a little peculiarity forms nought but
“ ugliness, seeing it violates the existing laws of symmetry.”
So Mr. Brent, in discussing the merits of the sub-varieties of
the Belgian canary-bird, remarks, “Fanciers always go to
* extremes; they do not adwmire indefinite properties.” ¢

This principle, which necessarily leads to divergence of
character, explains the present state of various domestig

* J. M. eaton, ‘A Treatise on  Mr. Brent, in ¢Cottsge Gardener,”
Fancy Pigons, p. 82; Forguson, on  Oct. 1860, p- 13,
“Bare and Prize Poultry,” p. 1623
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races. We can thus see how it is that race-horses and dray-
horses, greyhounds and mastifis, which are opposed to each
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 the same stock. As each breed is slowly im-
proved, the inferior varicties are first neglected and finally
lost. In a few cases, by the aid of old records, or from inter-
mediate varietics still existing in countries where other
fashions have prevailed, we are 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 neglect and slow
extinetion of the intermediate and less-valued forms, is the
key which unlocks the mystery of how man has produced
such wonderful results.

In a few instances selection, guided by utility for a single
purpose, has led to convergence of character. All the’im-
proved and different races of the pig, as Nathusius has well
shown,?® closely approach each other in character, in their
shortened legs and muzzles, their almost hairless, large,
rounded bodies, and small tusks. We see some degree of
convergence in the similar ontline cf the body in well-bred
cattle belonging to distinct races.” T know of no other such
Cases.,

Continued divergence of character depends on, and is indeed
a clear proof, as previously remarked, of the same parts eon-
tinning to vary in the same direction. The tendency to mere
general variability or plasticity of organisation can certainly
be inherited, even from one parent, as has been shown by
Giirtner and Kolrenter, in the production of varying hybrids
from two species, of which one alone was variable. It is in
itself probable that, when an organ has varied in any manner,
it will again vary in the same manuner, if the oonditiom} which
first caused the being to vary remain, as far as can be judged,
the same. This is either tacitly or expressly admitted by all

head by M. de Quatrefages, * Unité de
1'Espiee Humasine,’ 1861, p. 119,

Q2

# ¢Die Racen des Schweines,” 1860,
s, 43 ;
** Ses some good remarks on this
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horticulturists: if a gardener observes one or two additional
petals in a flower, hie 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 cak were =0
prostrate that they only crawled along the ground. A seedling
from the fastigate or upright Irish yew is described as differ-
ing greatly from the parent-form **by the exaggeration of
the fastigate habit of its branches.” My, Shirreff, who has
heen highly successful in raising new kinds of wheat, remarks,
“ A good variety may safely be regarded as the forernnner 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 prineiple 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 amotint of difference between varieties in the
parts or qualities which are valued, whilst other parts retain
nearly their original character.

The foregoing discussion naturally leads to the question,
what is the limit to the possible amount of variation in any
part or quality, and, consequently, is there any limit to what
gelection can effect? Will a race-horse ever be reared flester
than Eclipse? Can our prize-cattle and sheep be still further
improved? Will a gooseberry ever weigh more than that
produced by “London” in 18527 Will the beet-root in
France yield a greater percentago of sugar? Will future
varieties of wheat and other grain produce heavier crops than
onr present varieties ? These questions cannot be posmvel)
answered ; but it is certain that we ought to be eauntious in
answering them by a negative. In some lines of variation
the limit has pmlmblw been reached. Youatt beligves that
the reduction of bone in some of our sheep has already been
carried so far that it entails great delicacy of constitution.™

"t Verlot, ¢ Des Variétds,” 1865, p. 10:; ¢ Pomologie Physiolog.,” 1830, p,
" Mz Patrick Shirreff, in ‘Gard. Youatt on Sheep, p. 521.
Chronlele,” 1858, p. 771,
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But secing the great improvement within recent times in our
cattle and sheep, and especiflly in our pigs; seeing 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 never will be, beaten in
spoed by any other horse; but on making inquiries I find
that the hest judges believe that our present race-horses are
floster.® ‘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 selection. With respect to almost
all our animals and plants, those who are best gualified 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 modified ; nevertheless,
according to Mr. Eaton,* * the field is 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 there is a limit beyond which the organisation
cannot be modificd compatibly with health or life. The
extreme degree of flectness, for instance, of which a terrestrial
animal is capablel may have been acquired by our present
race-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
« whether such differences as do occur in nature could have
“ heen produced by the accumnulation of varieties by selection.”
And in the case of our domestic productions, there can be no

45 Ses also Stonehenge, *British Chron.,: lBI(B, . 173,
Rural Sports,’ edition of 1g871, p. 384, =~ ‘Lontx:nbug.xon's to the Theory of
% ¢ A Treatise on the Almond Natural Sisction,’ 2nd edit., 1871,
Tumbler,” p. i . 292,
M. f,do Jonghe, in ‘Corl
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doubt that many parts of the organisation, to which man has
attended, have been thus mollified 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 size 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
egaved, and the less valuable neglected. In the course of time,
different varieties, especially in the less civilised countries,
will also have been more or less modified throngh 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-
gible 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 enltivated plants, we begin dimly to
see. When the lake-dwellings of Switzerland were inhabiteq
during the Neolithic period, several anithals 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, Celtie, and Sclavonie languages
had not as yet diverged from their common parent-tongue, &

It is scarcely possible to overrate the effects of sclection
occasionally carried on in various ways and places during
thousands of generations. All that we know, and, in g still

® Max Miller, ¢ 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 consequence valued in his immediate neighbourhood, and
are bred by others ; and their characteristic features, whatever
these may be, will then slowly but steadily be increased,
sometimes by methodical and almost always by unconscions
selection. At last a strain, deserving to be called a sub-variety,
becomes a little more widely known, receives a local name,
and spreads. The spreading will have been extremely slow
during ancient and less civilised times, but now is rapid.
By the time that’the new breed had assumed a somewhat
distinct character, its history, hardly noticed at the time,
will have been completely forgotten; for, as Low remarks,’!
“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 new strains and sub-
varieties. For different varicties are suited for, and arc
valued under, different circumstances. Fashion changes, but,
ghould a fashion last for even a moderate length of time, so
strong is the principle of inheritance, that some effect will
probably be impressed on the breed. Thus varieties go on
increasing in number, and history shows us how wonderfully
they have increased since the earliest records.™ As each
new variety is produced, the earlier, intermediate, and less
valuable forms will be neglected, and perish. When a breed,
from not being valued, is kept in small numbers, its extinc-
tion almost inevitably follows sooner or later, either from
accidental causes 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. 118, 128,  Volz, * Beitriige zur Kulturge.
L) ‘Bo:neslinnl:d ;\:ﬂ‘:‘z{'a‘_s,’ ;; 188,  schichte,' 1852, 5. 99 ef passim, i
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destruction is eomparatively sudden, is often recorded, and
when too late sometimes regretted.

Several anthors 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,
I'he so-called artificial races, on the other hand, are not so
uniform in character; some have a semi-monstrons character,
such as * the wry-legged terriers so useful in rabbit-shoot-
ing,"" turnspit dogs, ancon sheep, niata oxen, Polish fowls,
fantail-pigeons, &e. ; their characteristic features have gene-
rally been acquired suddenly, though subsequently increased
hy careful selections in many cases. Other races, whick
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, &o., nevertheless cannot be said to
have an unnatural appearance; and no distinct line, as it
scems to me, can be drawn between natural and artificial
T7CES,

It is not surprising that domestic races shonld generally
present a different aspect from natural species. Man seleots
and propagates modifications solely for his otn 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 snceeeds in modifying internal organs,—whey
for instance he reduces the bones and offal, or loads the viscern
with fat, or gives early maturity, &e.,—the chances are
strong that he will at the same time weaken the constitution,
On the other hand, when an animal has to struggle throngh.
out its life with many competitors and enemies, wudey

 Blaine, * Encyelop. of Rural Sports” p, 213,
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circumstances inconceivably complex and liable to change,
modifications of the most varied nature in the internal organs
as well as in external characters, in the fanctions 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
not 50, the result of his work, and of nature's work, wounld be
even still more different. Nevertheless, wo 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 ome or from several
aboriginal stocks, and this clearly shows that there is no
palpable difference between species and races.

Domestie races propagate their kind far more truly, and
endure for much longer periods, than most naturalists are
willing to admit. Breeders feel no doubt on this head : ask
a man who has long reared 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 bo
successful at an exhibition. Thus far he will o, but
no farther. He does not refleet on what follows from
adding up during a long course of time many slight,
successive modifications; nor does he reflect on the former
existence of numerous varieties, connecting the links in each
divergent line of descent. He concludes, us was shown in
the earlier chapters, that all the chief breeds to which he
has long attended are aboriginal productions. The systematio
naturalist, on the other hand, who generally knows nothing
of the art of breeding, who does not pretend to know how
and when the several domestic races were formed, who cannot
have seen the intermediate gradations, for they do not now
exist, nevertheless feels no doubt that these races are Sprung
from a single source. But ask him whether the closely
allied natural species whick he has studied may not have
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descended from a ccmmon progenitor, and he in his turn will
perhaps reject the notion with scorn. Thus the naturalist
and breeder may mutunally 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, It 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 circumsfances 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 unconscions selection, in the great amount of
difference in those parts or quaiities 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 sometimes
err in imagining that characters, which are considered as
unimportant by the systematic naturalist, could not be
affected by the struggle for existence, and counld 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 sowpe-
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 besuccessful, the
closest attention and discernment, combined with unwearied
patienw' are ahmlut@]y nNnecessary § 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
flegree inferior being freely rejected. Hence length of time
is an important element of success. Thus, also, reproduction
at an ea.rly age and at short intervals favours the work.
Fncili.ty in pairing animals, or their inhabiting a confined
area, is advantageous as a check to free crossing. Whenever
and wherever selection is not practised, distinet 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 samo
time other parts and other qualities may become permanently
and greatly modified. But from the tendency to reversion and
to continued variability, those parts or organs which are now
undergoing rapid improvement through selection, are likewise
found to vary much. Consequently highly-bred animals when
neglected soon degenerate; but 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 dompletely lost.
Man always tends to go to an extreme point in the selection,
whether methodical or unconscious, of all useful and pleasing
qualities. This is an important principle, as it leads to con-
tinued divergence, and in some rare cases to CONVergence of
character. The possibility of continued divergence rests on
the tendency in each part or organ to go on varying in the
same manner in which it has already varied; and that this
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
neglect and final extinction of all previous, less-valued, and
intermediate varieties, explains the amount of difference and
the distinctness of our several races. Although we may have
veached the utmost limit to which certain characters can be
modified, yet we are far from having reached, as we have
reason’ to believe, the limit in the majority of cases.
Finally, from the difference between gelection 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 al led natural species.
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. Throughout this chapter and elsewhere I have spoken of
gelection as the paramount power, yet its action absolutely
depends on what we in our ignorarce call spontancous 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 accidental; yet
theshape of each has been determined by the foree 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 through the power
of selection, whether this be natural or artificial selection.

If our architect succeeded in rearing a noble edifice, using
the rough wedge-shaped fragments for the arches, the longer
stones for the lintels, and so forth, we should admire his skill
even in & highér degree 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
excellently adapted organism, variability sinks to a quite
subordinate position in importance in comparison with selee-
tion, in the same manner as the shave of each fragment nsed
by our supposed architect is unimportant in comparison with
his skill.



Cuar. XXIL CAUSES OF VARIABILITY. 237

CHAPTER XXIIL

CAUSES OF VARIABILITY.

VARTADILITY DOES NOT NECESSARILY ACCOMPANY REFRODUCTION —CUAUEES
ASSIGNED BY VARIOUS AUTHORS—INDIVIDUAL DIFFERENCES—VARIABILITY
OF EVERY KIND DUE TO CHANGED CONDITIONS OF LIFE—ON THE NATURE
OF BUCH CHANGES —— CLIMATE, FOOD, EXCESS OF NUTRIMENT — SLIGHT
CHANGES SUFFICIENT—EFFECTS OF GRAFTING ON TUE VARIABILITY OF
BEEEDLING = TREES — DOMESTIC FRODUCTIONS EECOME HAMTUATED TO
CHANGED CONDITIONS—ON THE ACCUMULATIVE ACTION OF CHANGED
CONDITIONS—~CLOSE INTERDBREEDING AND TIE IMAGINATION OF THE
MOTHER SUFPOSED TO CAUSE VARIADILITY—CHOSSING A8 A CAUSE OF
TUE AIPEARANCE OF NEW CHARACTERS—VARIABILITY FHOM THE COM-
MINGLING OF CHARACTERS AND FROM REVERSION-—ON THE MANNER AND
TERIOD OF ACTION OF THE CAUSES WHICH EITHER DIRECTLY, OR IN-
DIRECTLY THROUGH THE REPRODUCTIVE SYSTEM, INDUCE VARIABILITR

We will now consider, as far as we can, the causes of the
almost universal variability of our domesticated productions.
The subjeet 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
antagonistic principles. Pallas maintained, and he has had
some followers, that variability depends exclusively on the
crossing of primordially distinct forms. Other anthors attri-
Tute 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 Dbroader view, and conclude that organic beings, when sub-
jected during several generations to any change whatever in
their conditiong, tend to vary; the kind of variation which
ensues depending in most cases'in a far higher degree on the
nature or constitution of the being, than on the nature of the
changed couditions.
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Those authors who believe that it is a law ¢f nature that
each individual should differin 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 cach reindeer, thongh, as Linnweus remarks, * to
distinguish one from another among such multitudes was
beyond my comprehension, for they were like ants on an ant-
hill.” In Germany shepherds have won wagers by recog-
nising each sheep in a flock of a hundred, which they had
never seen until the previons fortnight. This power of
discrimination, however, is as nothing compared to that
which some florists have acquired. Verlot mentions a
gardener who conld 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 Linnrus hag 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, inkabited
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
by 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.

! ¢ Deg Jucinthes,” &c., Amsterdam,  lated by Sir J, E. Smith, v, i. p,
1768, p. 43; Verlot, ‘Des Variétés,” 314 The statement in roegard to
&c., p. 86, On the reindeer, sev  German shepherds is given cn the
Linnwus, * Tour it Lapland,’ tramse  4uthority of Dr, Weinland,
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The dissimilarity of brothers or sisters of the same family,
and of seedlings from the same capsule, may be in part
accounted for by the unequul blending of the characters of
the two parents, and by the more or less complete recovery
through reversion of ancestral characters on either side; but
we thus only push the difficulty further back in time, for
what made the parents or their progenitors different? Hence
the belief? that an innate tendency to vary exists, indepen-
dently of external differences, seems at first sight probable.
;Bm: even the seeds nurtured in the same capsule are not sub-
jected to absolutely uniform conditions, as they draw their
nourishment 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
twins, which often resemble each other in external appearance.
mental disposition, and constitution, in so extraordinary a
manner, apparently proves that the state of the parents at the
exact period of conception, or the nature of the subsequent
cmbryonic development, has a direct and powerful influence
on the character of the offspring. Nevertheless, when we

ce frére alors i Vienne, et qui lui éeri-
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*# Miiller's ¢ Physiology,’ Eng. trans-
lation, vol. ii. p. 1662, " With respect
to the similarity of twins in consti-
tution, Dr. William Ogle has given me
the following extruct from Professor
Trousseau’s Loctures (* Clinique Médi-
cale,) tom. i p. 523), in which a
curious case is recorded :—* J'ai donné
mes soins & deux frives jumeaus, tous
deux si extraordinnirement ressem-
blants gqu'il m'était impossible de les
recunpaitre, & moins de les voir 'un
4 obté de I'antre. Cette ressemblance
physique s'étendait plus loin: ils
avaient, permettez-moi l'expression,
une sinilitude pathologique plus re-
marquable encore. Ainsi I'un d'eux
que je voyais aux néothermes & Paris
malade d'one ophthalmie rhumatis-
male me disait, * En ce moment mon
fréve doit avoir une ophthalmic comme
la mienne ; ' et comme je m'étais réerié,
il me montrait quelques jours aprés
une lettre qu'il vonait de receyoir de

vait en effet—*J’a1 mon ophthalmie,
tu dois aveir In tienne.” Quelque sin-
gulier que ceci puisse paraitre, le fait
n'en est pas moins exact: onnemel'a
pas raconté, je l'ai vu, et jlen ai vu
d'autres analogues dans ma pratique,
Ces deux jumeaux étaient aussi tous
deux asthmatiques, et asthmatigues
i un effroyable degré, Originaires de
Marseille, ils n'ont jamais pu de=
meuror dans cette ville, ot leurs
intéréts les appeluient souvent, sans
étre pris de lenrs accs ; jamaisils n'en
éprouvaicat 4 Paris. Bion mieux, il
leur suifisait de gagner Toulon pour
étre guéris de leurs attaques de Mar-
seille. Voyageant sans cesse et dans
tous pays pour Jeurs affaires, ils
avaient remarqué que certaines
Jocalités lenr étaient fumestes, que
dans d’autres ils étmant exempts de
tout phénomene d'oppression ”
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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 >n the infinite diversity of the
Yuany varieties of onr domesticated productions, we may well
be inclined to exclaim, thongh falsely as T 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 distinet 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

:ond 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
game 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 teeth to a hundred children,
Tt 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 crocked, which they inherited from their
maternal grandmother. ‘

We will now consider the general arguments, which appeax
to me to have great weight, in favour of the view that varia-
tions of all kinds and degrees are directly or indireetly 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-
gensibly 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
gtate. 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 habitnated to their condi-
tions of life: but it canunot be said that they are subject to
guite 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 10
district, where they are treated differently, so that they rarely
remain during any considerable length of time exposed to
clogely gimilar conditions. In conformity with this, all our
domesticated productions, with the rarest exceptions, vary far
more than natural species. The hive-bee, which feeds itself and
follows in most respeots its natural habits of life, is the least
variable of all domesticated animals, and probably the goose
is 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 gpecies. IHardly a singlo
plant can be named, which has long been cultivated and
propagated by seed, that is not highly variable; common rye
(Secale cereale) has afforded fewer and less marked varieties
than almost any other cultivated plant;* but it may be

* Jsid. Geoffroy St.-Hilaire, ¢Hist. 1841, p. 115,

des Avomalies,” tom, iil. p. 3525 Mo- 4 Metzger, ‘Die
quin-Tandon, ‘Tératologie Vigdtale, 1841, 5 09,

VOL. 11

Getreidearten,

R
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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 variability may be quite independent of
seminal reproduction, and likewise of reversion to long-lost
ancestral characters. No one will maintain that the sudden
appearance 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 cnltivated 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
occasionally 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 & hedge produced by bud-variation a moss-
rose, or a wild bullace or wild chexrry-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 found capable of propagation, not only hy
grafts, but sometimes by seed; yet analogous cases have
sceurred with many of our highly cultivated trees and herbs,

These several considerations alone render it probable that
variability of every kind is directly or indirectly caused by
changed conditions of life. Or, to put the case nn(:ier .mlotl)er
point of view, if it were possible to expose all the mdlvxfluals
of a species during many generations to absolutely uniform
conditions of life, there would be no variability.
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On the Natwe of the Changes in the Conditions of Life which

induce Variability.

From a remote period to the present day, under climates
and ciroumstances as different as it is possible to conceive,
organic beings of all kinds, when domesticated or cultivated,
have varied. We see this with the many domestic races of
guadrupeds 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-eight varieties; in
the fertile plains of India it is notorious how many varieties
of rice and of a host of other plants exist; in a single 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 Europe has yielded many varieties serving as food
for the silkworm ; and in China sixty-three varieties of the
bamboo are used for various domestic purposes.’ These facts,
and innumerable others which could be added, indicate that
a change of almost any kind in the conditions of life suffices
to cause variability—different changes acting on different
organisms.

Andrew Knight® attributed the variation of both animals
and plants to a more abundant supply of nourishment, or to a
more favourable climate, than that natural to the species. A
more genial climate, however, is far from necessary; the
kidney-bean, which is often injured by our spring frosts, and
peaches, which require the protection of a wall, have varied
much in England, as has the orange-tree in northern Ifaly,
where it is barely able to exist.” Nor can we overlook the

of the Pandapus and other trees in

5 On the date-palm, sce Vogel,
‘Annals and Mag. of Nat. Hist.'
1854, p. 460. On Indian varieties,
Dr. F. Hamilton, *Transact, Linn,
Soe.,’ vol. xiv. p. 206, On the varie-
ties cultivated in Tahiti, see Dr.
Bennett, in Loudon’s ‘Mag. of N.
Hist.,” vol. v., 1832, p. 484, Also
Ellis, * Polynesian Researches' vol. i.
pp- 970, 375, On twenty varicties

the Marianpe Island, see ‘Hooker's
Miscellany,” vol. i. p. 308. On the
bamboo in China, see Huc's ¢ Chinese
Empire,” vol. ii. p. 307.

¢ ¢Treatise on the Culture of the
Apple,” &c., p. 3.

¥ Gallesio, ‘Teoria della Ripro
duzione Veg.," p. 125.

R 2
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fact, though not immediately connected with our present
subject, that the plants and shells of the Arctic regions are
eminently variable.® Moreover, it does not appear that a
change of climate, whether more or less genial, is one of the
most potent causes of variability ; forin regard to plants Alph.
De Candolle, in his ¢ Géographie Botanique,’ repeatedly shows
that the native country of a plant, where in most cases it has
been longest cultivated, is that where it has yiclded the
greatest number of varieties.

It iz doubtful whether a change in the nature of the food
is a potent cause of variability. Scarcely any domesticated
animal has varied more than the pigeon or the fowl, but
their food, especially that of highly-bred pigeons, is general ly
the same. Nor can onr caitle and sheep have heen 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 Kniglht, and isnow held by Schleiden, more especially
in reference to the inorganic clements 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 hy them-
selves, though not in highly manured land ; separate growtly
is, in fact, the first step in cultivation. We sce the converse
of the belief that excess of food induces variability inthe
following statement by a great raiser of seeds of all kinds.it
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¢ See Dr. Hooker"s Memoir on

Arctic Plants in ‘Linn. Transact.,’
vol, xxiii, part il. Mr. Woodward,
and & higher authority cannot be
quoted, speaks of the Arctic mollusca
(in his ¢ Rudimentary Treatizq,’ 1856,
p- 555) as remarkably subject to
variation,

" Bechstein, in his ¢ Naturge-
schichie der Stubenvigel' 1840, s
238, has some good remarks ou this

:?::iicct. :d{e states that his canapy.
hirds varied in colour, though keut &
uniform food. -

!* ¢The Plant,’ by Schleiden, tryne
lated by Henfrey, 1848, p. 160, Sy
also -}Iex. Broun, in ¢ Bot, Memoips,*
Ray Soe,, 1853, p. 813, :

1t Messrs, Hardy and Son, of M
don, in' *Gard, Chroniele,’ 1855 “,-
458, (,'m_'ribre, ‘ Production at l-'ixa-.
tion des Variétds” 1865, p- SL
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« It is a rule invariably with us, when we desire to keep a
+ tyue stock of any one kind of seed, to grow it on poor land
« without dung; but when we grow for quantity, we act
« gontrary, and sometimes have dearly to repent of it.”
According also to Carridre, who has had great experience with
flower-garden seeds, “On remarque en général les plantes de
¢ yigeur moyenne sont celles qui conservent le mienx leurs
“ caractéres.”

In the case of animals the want of a proper amount of
exercise, as Bechstein remarked, has perbaps played, inde-
pendently of the direot effects of the disuse of any parti-
cular organ, an important part in causing variability. We
can sece in & vague manner that, when the organised and
nutrient fluids of the body are not used during growth, or by
the wear and tear of the tissues, 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 reproductive organs, and consequently affect the
character of the future offspring. But it may be argued' that
neither an excess of food nor a superfluity in the organised
finids of the body necessarily induces variability. The goose
and the turkey have been well fed for many generations, yel
have varied very little. Our fruit-trees and culinary plants,
which are so variable, have heen culitivated from an ancient
period, and, thongh 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 wounld have become habitnated to
the excess. Nevertheless, on the whols, Knight's view, that
excoss of food is one of the most potent causes of variability,
appears, as far as I can judge, probable.

Whether or not our various cultivated plants have received
nutriment in excess, all have been exposed to changes of
various kinds. Fruit-trees are grafted on different stocks,
and grown in various goils. The seeds of culinary and agri-
cultural plants arve carried from place to place; and during
the last century the rotation of our crops and the manures
ased 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, yield seed-
lings which vary much, as may be seen in every extensive
seed-bed. I have shown in a former chapter what a number
of woll-marked and singular varieties the thorn (Crategus
oxycantha) has produced : yet this tree has been subjected to
hardly any cultivation. In Staffordshire I carefully examined
a large number of two British plants, namely Geranium phewnm
and pyrenaicum, which have never been highly cultivated.
These plants had spread spontaneously by sced 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 scen exceeded ;
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, ard the cattle always of a
uniform colour, yet these animals, when bred on the un-
enclosed estancias, thongh kept in a 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. So again in India
geveral species of fresh-water fish are only so far treated
artificially, that they are reared in great tanks; but this
gmall change is sufficient to induce much variability.’?

Some facts on the effects of grafting, in regard to the
variability of trees, deserve attention. Cabanis asserts that
swhen certain pears are grafted on the quince, their seeds yield
a greater number of varieties than do the seeds of the same
variety of pear when grafted on the wild pear.'t But as the
pear and quince are distinct species, though so closely related

12 ¢ Quadrupddes du Paraguay, 1839, pp. 266, 268, 313,
1801, tom. ii. p. 319, 1 Quoted by Sageret, ¢ Pom. Phys.,
18 M+(lelland on Indian Cyprinide, 1830, p. 43. This statement, howe
¢ As'atic Researches,” vol. xix, part ii,,  ever, is not believed by Decaisne,
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_ that the one can be readily grafted and succee's admirably on
the other, the fact of variability being thus caused is not sur-
prising; as we are here enabled to see the cause, namely, the
very different nature of the stock and graft. Several North
American varieties of the plum and peach are well known to
yveproduce themselves truly by seed ; but Downing asserts,'
“that when a graft is taken from one of these trees and
“ placed upon another stock, this grafted tree is found to lose
“its singular property of producing the same variety by
«good, 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 scedlings invariably
inherit the same habit; whilst several other varieties of
the walnut leaf in June. Now, if seedlings are raised from
the May-leafing Lalande 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.

1 may here just allude to the appearance of new and valuable
varicties 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
in woods; and this has occurred o frequently, that Pitcan asserts
that * improved varieties of our cultivated fruits ravely originate
with nurserymen.”” In England, on the other hand, no instance of
a good pear having been found wild has been recorded; and Mr,
Rivers informs me that e knows of only one instance with apples,
namely, the Bess Poole, which was dis>overed in a wood in Notting-
hamshire. This difference between the two countries may be in part
accounted for by the more favourable climate of France, but chicfiy

Poiteau’s remark is quoted in * Gar-
dener’s Mag.,’ vol. iv.. 1828, p. 585,
Se¢ *Gard. Chronicle,” 1862, p. 335,
for another case of a new variety of

15 ¢The Fruits of America,’ 1845,

) O
. 16 M. Cardan, in ‘Comptes Ren-
dus, Dec, 1848, quoted in ‘Gard.

Chronicle,” 1849, p. 101,

11 M. Alexis Jordan mentions four
excellent pears found in woods in
France, and alludes to others (* Mém.
Acwd, de Lyon,” tom. ii. '833, p. 159).

the pear found in a hedge in France,
Also for another case, se¢ Loudon’s
‘Eneyelop. of Gardening,' p. 901,
Mr. Rivera has given me similar
information.
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from the t number of seedlings which spring up there in tha .
woods. infer that this is the case from a remark made by a

French gardener,' who regards it as a national calamity that such
a number of pear-trees are periodically eut down for firewood, before
they have borne fruit. The new varietics which thus spring up in
the woods, though they cannot have received any excess of nutri-
ment, will have been exposed to abruptly changed conditions, but
whether this is the cause of their production is very doubtful.
These varieties, however, are probabiy &ll descended! from old
cultivated kinds growing in adjoining orchards—a circumstance
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 Ameriea, where fruit-trees
frequently spring up in waste places, the Washington pear was
found in a hedge, and the Emperor peach in a wood.®

With respect to wheat, some writers have spoken® as if it were
an ordinary event for new varicties to be found in waste places; the
Fenton wheat was cerfainly discovercd growing on a pile of basaltio
detritus in a quarry, but in such a sitnation the plant wounld
probably receive a sufficient amount of nufriment. The Chidham
wheat was raigsed from an ear found on a hedge; and Hunters
wheat was discovered by the roadside in Scotland, but it is not said
that this latter variety grew where it was found.®

Whether our domestic productions would ever become so
completely habitunated to the conditions under which they
now live, 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 uniform 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, bronght from different coun-
tries,” states that some kinds were at first extremely vari-
able, but gradually, in one instance after an interval of

aboriginal species,

" Duval, ¢ Hist. du Poirler,’ 1840,

iy
p 18 [ infer that this is the fact frnqu
Van Mons' statement (* Arbres Frui-
tiers,’ 1835, tom. i. p, 446) that he
finds in the wonls seedlings resembling
all the chief cultivated races of both
the pear and apple. Van Mons, how-
ever looked at these wild varicties as

* Downing, ¢ Fruit-trees of North
America,’ p. 422 ; Foley, in ¢ Transact.
Hort. Soe.,” vol. vi. p. 412,

3 ¢ Gard, Chronicle,” 1847, p. 244,

# ! Gardener's Chronicle, 1841, p.
383 ; 1850, p. 700; 1854, p. 650.

2 4 Die Getreidearten,' 1843, 5. 66,
116, 117,
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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 Aconmulative Action of changed Conditions of Life.—
We have good grounds for believing that the mfluence of
changed conditions accumulates, so that no effect is produced
on a species until it has been exposed during several genera-
tions to continued cultivation or domestication. 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 Jess extent. In
a fow cases the requisite number of generations, as well as
the snccessive steps in the progress of variation, have been
recorded, as in tho 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
« gight 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
disoussing the variability of plants several experienced hor-
ticulturists have spoken to the same general effect. Mr.
Salter 2 remarks, “ Every one knows that the chief difficulty
% js in breaking through the original form and colour of the
« species, and every one will be on the look-out for any
« patural sport, either from seed or branch; that being once
« obtained, however trifling the change may be, the result
# depends npon himself.” 1ML de Jonghe, who has had so much
success in raising . new varieties of pears and strawberries,*?
remarks with respect to the former, ** There is another prin-
« giple, namely, that the more a type has entered into a state
@ of variation, the greater is its tendency to continue doing
“ s0; and the more it has varied from the original type, the

24 Sabine, in ¢ Hort. Transact.,’ vol. 20 ¢ The Chrysanthemum, its His-
iii, p. 225; Bronn, Geschichte der  tory, &c.,’ 1865, p. 3.
Natur, b, il s 119, %7 ¢Gardener’s Chron.,’ 1853,

23 ¢ Journal of Horticalture, 1861, 543 «Journal of Horticultare May
. 112; on Zionia, ‘Gardeer’s 9, 1865, p. 963,
lCIxronicle,’ 1860, p. 852,
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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 ang-
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,
Vilimorin,*® 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 individunals, 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. M.
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 precautions 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
“ Jess 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
increased also in size of body; their legs became less fine,
and they lost their elegant 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,

= ted by Verlot, ¢ Des Variétés,”  ton, 1855, p. 14,

&e., ?8“6(};. p- 28. 2 ' » Mr, ilewitt, ¢Journul of Hort.,
¢ Examination of the Characteris- 1863, p. 34.

ties 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 generatious te
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 swith 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 af first pro-
duce, as far as we can see, absolutely no effect; but that
they should subsequently cause the character of the species
to change. In the chapter on pangenesis I shall attempt to
throw a little light on this fact.

Returning now to the causes which are supposed to induce
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,
occasionally thus induced ; and there can be no doubt that
close interbreeding causes lessened fertility and a wenkened
constitution ; hence it may lead to variability: but 1 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.

Tt 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 aflected her mind, and the answer was written
down ; and it so happened that in no one instance conld a
coincidence be detected between the woman's answer and any

3 Dovay, ¢ Mariages Consanguins,’ » Mialler has conclusively argued

p. 97, 125, - In conversation 1 have against this belief, ¢Elements of
¥onml two or thre: naturalists of the Phys., Eng. translat., vol. il 1842,
same opiaion. pe 1405
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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 as a Cause of Variability.—In an early part of this
_chapter it was stated that Pallas® and a few other naturalists
maintain that variability is wholly due to crossing. If this
means that new characters never spontancounsly appear in onr
domesfic races, but that they are all directly 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
distinet speciesis 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.
1t is, moreover, certain that the breeds of various animals,
such as of the rabbit, pigeon, duck, &c., and the varicties 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-
pendently of the commingling of the characters 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 thaf the act
of crossing often leads to the reappearance or reversion of
long-lost characters ; and in most cases it would be impossible
to distingnish between the reappearance of ancient characters
and the first appearance of absolutely new characters. Practi-
cally, whether new or old, they would be new to the Yreed in
which they reappeared. .

83 ¢ Act. Acad, St. Petersburg,’ 1780, part ii. p. 84, &c.
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Gartner declares,™ and his experience is of the highest value on
snch a point, that, when he crossed native plants which had not
been eultivated, he never once saw in the offspring any new character;
but that from the odd manner in which the characters derived from
the parents were combined, they sometimes & peared as if new.
When, on the other hand, he crossed cultivntecf) plants, he admits
that new characters occasionally appeared, but he 1s strongly
inclined to attribute their appearance to ordinary variability, not
in any way to the cross. An opposite conclusion, however, appears
to me the more probable. According to Kolrcuter, hybrids in the
genus Mirabilis vary almost infinitely, and he describes new and
singular characters in the form of the seeds, in the colour of the
anthexs, in the cotyledons being of immense size, in new and highl

culiar odours, in the flowers expanding early in the season, ani
in their closing at night.  With respect to one lot of these hybrids
he remarks that they presented characters exactly the reverse o
what might have been expected from their parentage.®

Prof. Lecoq* speaks strongly to the same effect in regard to this
same genns, and asserts that many of the hybrids from Mirabilis
ialapa and multiflora wight easily be mistaken for distinct species,
and adds that they differed in a greater degree than the other
species of the genus, from M. jalapa, Herbert, also, has described®
certain hybrid Rhododendrons @s being “as unlike all others in
“ folinge, as if they had been a scparate species.” The common

rience of floriculturists proves that the crossing and recrossing
of distinet but allied plants, such as the species of Petunia, Caleeo-
larin, Fuchsia, Verbena, &ec., induces excessive variability; hence
the appearance of quite new characters is probable. M. Carriére®
has lately discusse this subject: he states that Krythrina cristagalli
had beer multiplied by seed for many years, but had not yielded
any varieties: it was then crossed with the allied 7. herbacea, and
* the resistance was now overcome, and varietics were produced
 with flowers of extremely different size, form, and colour.”

From the general and apparently well-founded belief that the
crossing of distinet epecies, besides commingling their characters,
adds greatly to their variability, it has probably arisen that some
botanists have gone so far as to maintain® that, when & genus
includes only a single species, this when cultivated never varies.
The proposition made =0 broadly cannot be admitted; but it is
probably true that the varinbility of monotypic genera when culti-

3 ¢ Pastarderzeugung,’ s 249, 255, 3 Abstracted in ¢ Gard. Chronicle,

95, 1860, p. 1081,
3 ¢Nova Acta, St. Petersburg,’ 3 This was the opinion of the elder
1784, p. 378; 1795, pp. 307, 313, De Candolle, us quoted in * Die. Class,
816; 1787, p. 407. d'Hist. Nat.,’ tom, viii. p. 405. Puvis,

3 ¢ Pe la Fecondation,” 1862, p. in his work, ‘De In Dégénération.'
311 1837, p. 87, has discussed this same

ar ¢ Amaryllidaces,’ 1837, p. 362, point.
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vated is generally less than that of genera including numerous

jes, and this quite independently of the effects of erossing.

I have shown in my ‘Origin of Species,’ that the species belonging
to small genera gencrally yield a less number of varieties in a state
of nature than those belonging to large genera. Hence the species
of small genera would, it is probable, produce fewer varieties under
enltivation than the already variable species of Inrger gencra.

_ Although we have not at present sufficient evidence that the
crossing of species, which have never been cultivated, leads to the
appearance of new characters, this apparently does occur with
gpecies which have been already rendered in some degree variable
through cultivation. Hence crossing, like any other change in the
conditions of life, scems to be an element, probably & potent one, in
cansing variability. But we seldom have the means of distinguish-
ing, as previously remarked, between the appearance of really new
characters apd the reappearance of long-lost characters, evoked
through the act of crossing. I will give an instance of the diffienlty
in distinguishing sguch cases. The sL)ecies of Datura may be divided
into two sections, those having white flowers with green stems,
and those having purple flowers with brown stems : now Naudin
crossed Datura lewvis and ferow, both of which bolang to the white
section, and raised from them 205 hybrids. Of these hybrids, every
ong had brown stems and bore purple flowers; so that they re-
sembled the species of the other section of the genus, and not their
own two parents. Naudin was so much astonished at this fact,
that he was led carefully to observe both parent-specics, and
discovered that the pure seedlings of D. feroxr, immediately aftor
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 thirteonth 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 variability, but as a return
to the former state of some ancient progenitor.

Independently of the aneamnce of new characters from crossing,
a few words may be added to what has been said in former chapters
on the unequal combination and transmission of the charncters
proper to the two parent-forms. When two species or races are
erossed, the offspring of the first tgﬂxemtian are generally nniform,
but those subsequently produced di play an almost infinite diversity
of character. He who wishes, says Kolrenter,* to obtain an endless
number of varieties from hybrids should cross and recross them,
There is also much variability when hybrids or mongrels are
reduced or absorbed by repented crosses with either pure parent.

40 ¢ Comptes Rendus,” Novembre 21, Y ¢Nova Acta, St. Petersburg,
1884, p. 838, 1794, p. 591.
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form; and a still higher degree of variability when three distinet
species, and most of all when four species, are blended together by
guceessive crosses, Beyond this point Girtner,” on whose nuthority
the foregoing statements are made, never succeeded in effecting a
union; but Max Wichura ** united six distinet species of willows
into a single hybrid. The sex of the parent species affects in an
mgxphcable manner the degree of variability of b ybrids; for
Gartner* repeatedly found that when & hybrid was used as o fathes
and either one of the pure parent-species, or a third species, Was
used as the mother, the offspring were more variable than when the
same hybrid was used as the mother, and either pure parent or the
game third species as the father: thus scedlings from JDianthus
barbatus crossed by the hybrid D. chinensi-barbatus were more
variable than those raised from this latter hybrid fertilised by the
pure D). barbatus. Max Wichura*® insists strong]y on an anpalogous
result with his hybrid willows. Again Gartner s asserts that the
degree of variability sometimes differs in hybrids raised from rc¢=
ciprocal crosses between the same two species; and here the sole
difference 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 crosse
generations is extremely complex, partly from the offspring partaking
unequally of the characters of the two parent-forms, and more
especially from their unequal tendency to revert to such characters
or to those of more ancient progenitors.

On the Manner and on the Period of Action of the Causes which
induce Variability.—This is an extremely obscure subject, and
we need here only 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, Suc¢

as an abnndant supply of food, exposure fo a different climate,
increased use or disuse of parts, &e., prolonged during sgvcml
generations, certainly modify either the “"hOlO organisation 011'
certain Organs; and it is clear at least in the case of bud-
variation that the action cannot have been through the repro-

ductive system.
« & Bastarderzsugung,” s. 452, 507

57,2,  Bastarderzougung,’ s. 507, 516, « «Die Bastardbefruchtung,’ & 58
@ (Die Bastardbefruchtung,’ &c. 4 ¢ Bastardenceugung,” s. 423

1865, . 24
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With respect to the part which the reproductive system takes in
cansing variability, we have scen in the cighteenth chapter that
even slight changes in the conditions of life have a remarkable
power in causing a greater or less degree of sterility. Hence it
seems not improbable that baings generated through a system so
easily affec should themsclves be affected, or should fail to
inherit, or inherit in excess, characters proper to their parents,
&\Ve know that certain groups of organie beings, but with exeeptions
in each group, have their reproductive systems much more easily
affected by changed conditions than other groups; for instance,
earnivorous birds more readily than carnivorous mammals, and
parrots more readily than pigeons; and this fact harmonises with
the apparently capricious manner and degree in which various
groups of animals and plants vary under domestication.

Kolreuter*? was struck with the parallelism between the excessive
variability of hybrids when crossed and recrossed in various ways,—
these hybrids baving their reproductive powers more or less affucted,
—and the variability of anciently cultivated plants. Max Wichura**
has gone one step farther, and shows that with many of our highly
cultivated lemts, such as the hyacinth, tulip, auricula, snapdragon,
Eotato, cabbage, &e., which there is no reason to believe have becn

ybridised, the anthers contain many irregular pollen-grains in the
game 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 R. cosius and
idosus, which are not highly variable species, the pollen is sonnd.
It is also notorions that many cultimt;ll plants, such as the banana,
pine-apple, bread-fruit, and others previously mentioned, have their
reproductive organs so scriously affected as to be gencrally quite
sterile; and when they do yield seed, the seedlings, judging from
the large number of cultivated races which exist, must be variable
in an extreme degree. These facts indicate that there is some
relation between the state of the reproductive organs and a tendency
to variability; but we must not conclude that the relation is strict.
Although many of our highly cultivated plants may have their
pollen in a deteriorated condition, yet, as we have previously seen,
they yield more seeds, and our anciently domesticated animals are
more prolifie, than the corresponding species in a state of nature.
The peacock is almost the only bird which is believed to be less
fertile under domestication thau in its native state, and it has varied
in & remarkably small degree. From these considerations it wonld
geem that changes in the conditions of life lead either to sterility
or to variability, or to both ; and not that sterility indnces variability,
On the whole it is probable that any canse affecting the organs of

47 ¢ Dritte Fortsetzung,’ &c., 1766,  Barkeley on the same subject, in
s, B5. ¢ Jonrnal of Royal Hort. Soc., 1868,
4 (Dje Bastardbefruchtung’ &c, p. 80,
1865, s 082 see also the Rev, M. J.
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reproduction would likewise affect their product,—that is, the
offspring thus generated.

The period of life at which the causes that induce variability act,
is likewise an obscure subject, which has been discussed by varions
authors.” Tnsome of thecases, to be given in the following chapter,
of modifieations from the direct action of changed conditions, which
are inherited, there can be no doubt that the causes have acted on
the mature or nearly mature animal. On the other hand, monstrosis
ties, which cannot be distinctly separated from lesser variations, are
often cansed by the embryo being injured whilst in the mother's
womb or in the egz. Thus T. Geoffroy Saint-Hilaire® asserts that
poor women who work hard during their pregnancy, and the mothers
of illegitimate children troubled in their minds and forced fo conceal
their state, are far more liable to give hirth to monsters than women
in easy circumstances, The eggs of the fowl when placed upright
or otherwise treated unnaturally frequently produce monstrous
chickens. It wonld, however, appear that complex monstrosities
are induced more frequently during o rather late than during a very
early period of embryonic life; but this may partly result from some
one part, which has been injured during an early period, affectin
by its abnormal growth other parts subsequently developed; an
this would be less likely to occur with parts injured at a later period.®
When any part or organ becomes monstrous tlrongh abortion, a
yudiment is generally left, and this likewise indicates that its
development had already commenced.

Insects sometimes have their antenne or legs in a monstrous
condition, the larve of which do not se either antennm or legs;
and in these cases, as Quatrefoges* believes, we arc enabled to sec
the precise period at which the normal progress of " development
was troubled. But the nature of the food given to a caterpillar
sometimes affects the colours of the moth, without the caterpilla
itself being affected; therefore it seems possible that other characters
in the mature insect might be indirectly modified throngh the laxvee.
There iz no reason to suppose that organs which have been rendered
monstrous have alwu{'a been acted on during their development; the
cause may have acted on the organisation at a much earlier stage.
It is even probuble that either the male or female sexual elements,
or both, before their union, may be affeeted in such a manuer as to
lead to modifications in organs developed at a late period of life; in
nearly the same manner as a child may inherit from his father a
disease which does not appear until old age.

@ Dr. P. Lucas has given a history  several memoirs by M. Dareste hore
of opinion on this subject : ¢ Héréd.  after referred to are of specia

Nat. 1847, tom. i p. 175, value on this whole subject, .
30 ¢ ist. des Anomalies,” tom. iii. 32 See his interesting work, ¢ Méta.
. 490, morphoses de 'Homme,” &c., 1882, p

P 5 Thid,, tom. fil. pp. 92, 502. The 120,

vou. ik 8
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In accordance with the facts above given, which prove that in
many cases a close relation exists between variability and the sterility
following from changed conditions, we may conclude that the ex-
citing cause often actsat the earliest possible period, namely, on the
sexual elements, before imFrcgnntxon has taken place. That an
affection of the female sexual element may induce variability we may
likewise infer as probable from the occurrence of bud-variations;
for a bud seems to be the analogue of an ovule. But the male element
is apparently much oftener affected by changed conditions, at least
in a visible manner, than the female element or ovule; and we know
from Girtner’s and Wichura’s statements that a hybrid 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 Gértner ® found that when two species were
cro;s(l::]i, if either 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. Excess 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
remain quite constant. In the course of time they can be
habituated to certain changes, so as to become less variable;
and it is possible that when first domesticated they may have
heen even more variable than at present. There is good
evidence that the power of changed conditions acenmulates ;
so that two, three, or more generations must be exposed to
new conditions before any effect is visible, The crossing of
distinet forms, which have already become variable, increases
in the offspring the tendency to further variability, by the
unequal commingling of the characters of the two parents, by
the reappearance of long-lost characters, and }.).Y fhﬁ appear-
ance of absolutely new characters. Some vanatlong are in-
duced by the direct action of the surrounding conditions on

3 (Dritte Fortsetzung,’ &c., s 123 ; *Bastarderzeugung,’ s 249,
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the whole organisation, or on certain parts alone; other
variations appear to be induced indirectly through the re-
productive system being affected, as we know is often the
case with various beings, which when removed from their
natural conditions become sterile. The causes which induce
variability act on the mature organism, on the embryo, and,
probably, on the sexual clements before impregnation has
lieen effected.
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CHAPTER XXIIL

DIRECT AND DEFINITE ACTION OF THE EXTERNAL CONDITIONS OF
LIFE.

ELIGIT MODIFICATIONS IN PLANTS FROM THE DEFINITE ACTION OF CHANGED
CONDITIONS, IN BIZE, COLOUR, CHEMICAL PROVERTIES, AND IN THE STATH
OF THE TISSUES—LOCAL DISEASES—CONSPICUOUS MODIFICATIONS FROM
CHANCGED CLDMATE OR ¥OOD, ETC—~FLUMAGE OF BIRDS AFFECTED BY
YECULIAR NUTRIMENT, AND BY THE INOCULATION OF POISON—LAND-
SHELLS—MODIFICATIONS OF ORGANIC BEINGS IN A STATE OF NATURE
THROUGH THE DEFINITE ACTION OF EXTERNAL CONDITIONS—COMPARISON
OF AMERIOAN AND EUROFPEAN TREES — GALLS—EFFECTS OF FARASITIO
FUNGI — CONSIDERATIONS OPFOSED TO THE BELIEF IN THE POTENT
INFLUENCE OF CHANGED BEXTERNAL CONDITIONS—FPARALLEL BERIES OF
VARIETIE3—AMOUNT OF VARIATION DOES NOT CORRESI'OND WITH TUHE
DEGHEE OF OHANGE IN THE CONDITIONS—BUD-VARIATION—MONSTROSI-
TIES PRODUCED 5BY UNSNATURAL TREATMENT—SUMMALY.

It we ask ourselves why thisor 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
torm definite action, as used in this chapter, I mean an action
of snch a nature that, when many individuals of the same
variety are exposed during several generations to any par-
ticnlar 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 separate chapter. By the
torm 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
been 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 distinet 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 whateyer
to the primary cause of each particular variation.

I will first give in detail all the facts which I have been
able to collect, rendering it probable that climate, food, &e.,
have acted so definitely and powerfully on the organisation of
our domesticated productions, that new sub-varieties or races
have been thus formed without the aid of selection by man or
nature. T will then give the facts and considerations opposed
to 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 cach kingdom of Europe, and formerly
even in ecach district of England, we are at first strongly
inclined to attribute their origin to the definite action of the
physical conditions of each country; and this has been the
conclusion of many anthors. But we should bear in mind
{hat man annually has to choose which aniwals 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 ocecasionally practised
by 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 each. It may be argued
that, as numerous wild animals and plants have ranged
during many ages throughout Greaf Britain, and still retain
the same character, the difference in conditions between the
several districts could not have modified in & marked manner
the various native races of cattle, sheep, pigs, and horses.
The same difficulty of distinguishing between the effects of
natural selection and the definite aotion of external conditions
;s enconntered in a still higher degree when we compare closely
llied 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 ages.

Prof. Weismann has suggested! that when a variable
species enters a new and isolated country, although the varia-
tiens may be of the same general nature as before, yet it is
improbable that they should occur 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 the individuals varying in different ways not being
the same in the two cases, the final result will be the pro-
duction of twd 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 domestio
animals which formerly inhabited the several districts in
Great Britain, and the half wild cattle lately kept in
several British parks, differed slightly from one another; for
these animals were prevented from wandering over the wholo
country and intercrossing, but would have crossed freely
within each district or park.

From the difficulty of judging how far changed conditions have
caused definite modifications of structure, it will be advisable to
give as large a body of facts as possible, showing that extremely
slight differences within the same country, or during different
geasons, certainly produce an appreciable effect, at least on varieties
which are already in an unstable condition. Ornamental fowers are

for this purpose, as they are highly variable, and are carefully
ohserved. All floriculturists are unanimous that certain varieties
are affected by very slight differences in the nature of the artificial
compost in which they are grown, and by the natural soil of the
district, as well as by the season. Thus, a skilful judge, in writing
on Carpations and Picotees? asks “ where can Admiral Curzon be
“seen possessing the colour, size, and strength which it has in
“Derbyshire? Where can Flora’s Garland be found equal to those
“at Slongh? Where do high-coloured flowers revel better than at

% 4 Ueber den Einfluss dey Isolirung 2 ¢ Gardener’s Chrogizle, 1858, p,
suf die Arthildung,’ 1872. 183,
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« \Woolwich and Birmingham? Yet in no two of these districts do
“ the same varieties attain an equal degree of excellence, although
« ench may be receiving the attention of the most skilful cultivators.”
"The same writer then recommends every cultivator to keep five
different kinds of soil and manure, “and to endeavour to suit the
« respective appetites of the plants you are dealing with, for without
« gneh attention all hope of general success will be vain.” Soitis
svith the Dahlia® ; the Lady Cooper rarely succeeds near London, but
does admirably in other districis; the reverse holds good with other
varietics; and again, there are others which succeed equally well
in various situations. A skilful gardener * states that he rocured
cuttings of an old and well-known variety (pulchella) of g’crbena,
which from having been ropagated in a different situation presented
a slightly different shade of colour; the two varieties were after-
wards multiplied by cuttings, being carefully kept distinct; but in
the second year they could hardly be distinguished, and in the third
year no one could distinguish them.
The nature of the season has an eapecial influence on certain
varieties of the Dahlia: in 1841 two varieties were pre-eminentl
, and the next year these same two were pre-eminently ba
‘A famous amateur® asserts that in 1861 many varieties of the Rose
came §0 untrue in character, that it was hardly possible to recog-
« nise them, and the thought was not seldom entertained that the
« grower had lost his tally.” The same amateur ° states that in 1862
{wo-thirds of his Auriculns produced central trusses of flowers, and
guch trusses are liable not to kees) true; and he adds that in some
seasons certain varieties of thiz plant all prove good, and the next
season all prove bad; whilst exactly the reverse happens with other
varieties. In 1845 the editor of the ‘ Gardener’s Chronicle’  remarked
how singular it was that this year many Caleeolarias tended to
assume a tnbular form. With Heartsease ® the blotched sorts do not
acquire their proper character until hot weather sets in ; whilst other
varieties lose their beauntiful marks as soon as this occurs.
_Analogous facts have been observed with leaves: Mr. Beaton
asserts’ that he raised at Shrubland, during six years, twenty thousand
ings from the Punch Pelargonium, and not one had variegated
Jeaves; but at Surbiton, in Surrey, one-third, or even a greater pro-
portion, of the seedlings from this same variety were more or less
variegated. The soil of another district in Surrey has a strong ten-
dency to cause VAarie tion, as appears from information given me
by Sir F. Pollock. Verlot! states that the variegated strawberry

s Mr. Wildman, °* Floricaltural ¢ 1bid., 1862, p. 83.
Soc.,” Feb. 7, 1843, veported in ¢ Gard, * ¢Gard. Chron.," 1845, p. 660,
Chron.,’ 1843, p. B6. 8 Ibid., 1868, p. 628,

4 Mr. Robeon, in * Journal of Horti- # ¢ Journal of Hort.,' 1861, pp. 64,
culture,’ Feb. 13th, 1866, p. 122, 309.

s & Journal of Horticulture,’ 1861, 10 ¢ Des Variétés, &e., p. 76.
p- 2%
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retains its chamcter as long as grown in & dryish soil, but soon
loses it when planted in fresh and humid soil. Mr. Salter, who is
well known for hissuccess in cu'tivating variegated glants, 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. Theso
plants were removed, but during the three suceeeding years other
plants in the same row became variegated, and in no instance were
the Elzmts in any adjoining row affected. -

The chemical qualities, odounrs, and tissues of plants are often
maodified by a change which scems to us slight. The Hemlock is
&aid not to yield conicine in Scotland. The root of the Aconitum
napellus becomes innocuous in frigid climates. The medicinal pro-
perties of the Digitalis arc easily affected by culture. As the Fistacin
{entiscus grows abundantly in the South of France, the climate must
suit it, but it yields no mastic. The Zcuwrus saseafras in Burope
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 wonld have been little
liable to change either in quality or quantity.

The wood of the American Locust-tree (Robinia) when grown in
England is nearly worthless, as is that of the Onk-tree 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 difforences
in culture and climate. Hence it is generally a bettor plan
according to Naudin, fo improve an old kind than to introduce o
new one into any locality, The sced of the Persian Melon pro-
duces near Paris fruit inferior to the poorest market kinds, but at
Bordeaus yields delicious fruit!® Seed is annually bronght from
Thibet to Kashmir' m};(l‘frmluccs fruit weighing from four to ten
pounds, but plants raised next year from seed saved in Kashmip
sive fruit weighing only from two to three pounds, It is well known
h’mt American varieties of the Apple produce in their native
land magnificent and brightly-coloured frait, but these in England
are of poor quality and & dull colour. In Hungary there are many

1 Engel, ¢ Sur les Prop. Médicales  * Gardener's Chronicle, 1849, p, 3553
des Plantes,’ 1860, pp 10, 25. On 1862, p, 11235,
changes in the odours of plants, see 12 Hooker, * Flora Indica,’ p, 32,
Dalibert'’s Experiments, quoted by 18 Naudin, ¢ Annales des Se. Nat,
Beckman, ¢ laventions,’ vol. ii, p. 8445 4th series, Bot., tom, xi,, 1859, p. 81,
and Nees, in Ferussac, ¢ Bull, des Sc.  ‘Gardener’s Lhronicle,’ 1859, p. 464,
Nat.,' 1824, tom.i. p. 60. With 4, 14 Moareroft's { Travels) &e., vol,
respect to the rhubarb, &o., see also il p. 143,



Camar. XXIIL CONDITIONS OF LIFE. 265

varieties of the kidney-bean, remarkable for the beauty of their
seeds, but the Rev. M. J. Berkeley™ found that their beauty could
hardly ever be preserved in England, and in some cases the colour
was greatly changed. We have seen in the ninth chapter, with
respect to wheat, what a remarkable effect transportal from the
porth to the south of France, and conversely, produced on the
weight of the grain.

When man can perceive no change in planis or animals
which have been exposed to a new climate or to different
treatment, inscets can sometimes perceive a marked change.
A cactus has been imported into India from Canton, Manilla
Mauritius, 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
prodjgiousl);."‘ Humboldt remarks’” that white men * born
in the torrid zone walk barefoot with impunity in the same
apartment where a European, recently landed, is exposed to
tho attacks of the Pulex penetrans.”’ This insect, the too well-
known chigoe, must therefore be able to perceive what the
most delicate chemical analysis fails to discover, namely, a
difference between the blood or tissues of a European and
those of a 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, thongh inhabiting the same country, emits a
different odour.

Diseases peculiar to certain localities, heights, or climates, may be
here 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 a

18 ¢ Gardener's Chronicle, 1861, p.  has been confirmed by Karsten
3. (‘Beitrag zur Kenotniss der Rhyn.
10 Royle, ¢ Productive Resources of choprien :' Moscow, 1864, 5. 39), and
India, p. 59. by others.
17 «Personal Narrative,’ Eng. trans- 1% {Organic Chemistry,’ Eng. trans.
Jat., vol. v. p. 101 This statement  lat., 1st edit., p. 369,
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nearly intermediate position ; for it rarely affects Germans, who in-
habit the neighbonrhood of the Vistula, where so many Poles are
grievously affected ; neither does it affect 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 Peru,
people are affected with the verugas only between 600 and 1600
metres above the sea; many other such cases could be given. A

uliar cutaneous complaint, called the Bouton d’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. Helena the scarlet-fever is dreaded
like the Plague; analogous facts have been observed in Chili and
Mexico.® Even in the different departments of France it is found
that the various infirmities which render the conscript unfit for
serving in the army, {smvuil 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 differences in the surrounding circumstances govern the
nature and severity of the complaints by which man is at least
temporarily affected. .

Tgo 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 effect.

‘With plants, a considerable change of climate sometimes produces
& con-picuous result. T have given in the ninth chapter the most
remarkable ease known fo me, namely, that of varieties of maize,
which were greatly modified in the course of only two or three
generations when taken from a tropical country to a 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 gmwdl 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
ont numerous runners under ground, which eontinually rise into
small stems, and form a growth around the parent-tree.” The
yvarieties of the cabbage which produce heads in Europe fail to do go

13 Prichard, ¢Phys. Hist. of Man- taken from Dr. Bondin's ¢ Géographie

kind,’ 1851, vol, i, p. 185, et Statistique .\.f.édicnlc,' 1857, tom,
» Dnrwi’n, ¢ Journal of Researches,” i pp. zkv. and lii.;; tom. §i. p. 315.
1845, p. 434, # ¢Coylon,” by Sir J. E. Tennent,

N These statoments on disease are  vol. i, 1859, p, 89,
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in certain tropical countries™ The Rhododendron ciliatum produced
at Kew flowers so much larger and paler-coloured than those which
it bears on its native Himalayan mountain, that Dr, Hooker * would
hardly have recognised the species by the flowers alone. Many
gmlar facts with respect to the colour and size of flowers could
yel,
he experiments of Vilmorin and Buckman on carrofs and
parsnips prove that abundant nutriment produces a definite an
inheritable effect on the roots, with scarcely any change in other
Snrts of the plant. Alum directly influences the colour of the
owers of the Hydrangea.® Dryness scems generally to favour the
hairiness or villosity of plants. Giriner found that hybrid
Verbascums became extremely woolly when grown in pots. M.
Masters, on the other hand, states that the Opuntia leucotriche “is
« ol clothed with beautiful 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 grape, admits®™
that some varieties, when grown under a different climate or treated
differently, vary in a slight degree, as in the tint of the fruit and in
the period of ripening. Some authors have denied that fting
causes cven the slightest difference in the scion; but there is
sufficient evidence that the fruit is sometimes slightly affected in
§izo (g]d flavour, the leaves in duration, and the flowers in appear-
ance,

There can be no doubt, from tho facts given in the first
chapter, that European dogs deteriorate in India, not only in
their instinets but in structure; but the changes which they undergo
are of such a nature, that they may be partly due to reversion to &
primitive form, as in the case of feral animals. In parts of India the
turkey becomes reduced in ize, “ with the pendulous appendage over
the beak enormously developed.”” We have seen how soon the wild
duck, when domesticated, loses its true character, from the effects of
abundant or clumiod food, or from taking little exercise. From the
direct action of & humid climate and poor pasture the horse rapidly
decreases in size in the Falkland Islands. From information which

# 4 Pom. Phys.,’ p. 156

2 Godron, ‘De I'Espdee,’ tom. ii X
= ¢ Ampélographie,’ 1849, p. 19

, 52

21 ¢ Journnl of Horticultural Soe.,’
vol. vii, 1832, p. 117.

5 ¢ Journal of Hort. Soc,,’ vol. i. p.
160.

# See Lecog, on the Villosity of
Plants, ‘ Géograph. Bot.," tom. ii. pp.
987, 291 ; Giirtner, * Bastarderz.,” s.
261; Mr. Masters, on the Opuntia,
in ¢ Gard. Chronicle,” 1840, p. 44,

 Girtoer, ¢ Bastarderz.,' o 606,
has collected nearly all recorded facts.
Andrew Knight (in ‘Transact, Hort.
Soc.,” vol. ii. p. 160) goes o far as to
maintain that few varieties are abso-
lutely permanent in character whoez
propagated by buds.or grafts,

3 Mr, Blyth, in * Annils and Mag
of Nat. Hist.,’ vol. xx., 1847, p. 391,
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I have received, this scems likewise to be the case to a certain
extent with sheep in Australia.

Climate definitely influences the hairy covering of animals; in
the West Tndies a great change is produced in the fleece of sheep,
in about three generations. Dr. Falconer states® that the Thibet
mastiff and goat, when brought down from the Himalaya to
Kashmir, lose their fine wool. At Angora not only goats, but
shepherd-dogs and cats, have fine fleecy hair, and Mr. Ainsworth #
attributes the thickness of the fleece to the severe winters, and its
silky lustre to the hot summers. Burnes states positively ® that the
Karakool sheep lose their peculiar black curled fleeces when removed
into any other country. Even within the limits of England, I have
been assured that the wool of two breeds of sheep was slightly
changed by the flocks being pastured in different Yocalitics.“ It
has been asserted on good authority ® that horses kept durin
several years in the deep coal-mines of Belgium become cover
with velvety hair, almost like that on the mole, These eases
probably stand in close relation to the natural change of coat in
winter and summer. Naked varieties of several domestic animals
have occasionally appeared; but there is no reason to belicve 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 eattle, sheep, and pigs, have dircetly resulted from their
abundant supply of food. This is the opinion of many competent
judges, and probably is toa great extent true.  But as far as form is
concerned, we must not overlook the more potent influence of
lessened use on the limbs and lungs. We see, moreover, as far ag
gize is concerned, that selection is apparently a more powerfal agent
than a large supply of food, for we can thus only account for the
existence, as remarked to me by Mr. Blyth, of the largest and
smallest breeds of sheep in the same country, of Cochin-China fowls
and Bantams, of small Tumbler and large Runt pigeons, all kept
together and supplied with abundant nourishment. Nevertheless
there can be little doubt that our domesticated animals have been
modified, independently of the increased or lessened use of parts, by
the conditions to which they have been subjected, without the aid
of selectjon, For instance, Prof. Ritimeyer 7 shows thet the bones of
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" ¢ Natural History Review,' 1862,
p. 113 )

32 ¢ Jourpal of Roy. Geographical
Soc.,’ vol. ix., 1839, p. 275,
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151.
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domesticated quadrupeds can be distingnished from those of wild
animals by the state of their surface and general appearance. 1t is
searcely possible to read Nathusius's excellent Yorstudien,”* and
doubt that, with the highly improved races of the pig, gbundant
food has produced a conspicuous effect on the general form of the
body, on the breadth of the head and face, and even on the teeth.
Nathusing rests much on the case of a purely bred Berkshire pig,
which when two months old became disessed in its digestive organs,
and was preserved for observation until nineteen months old ; at
this age it had lost several characteristic features of the breed, and
had acquired & long, narrow head, of large size relatively to its
emall body, and elongated legs. Butin this case and in some others
we ought not to assume that, 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.

Tu the ease of the rabbit, which has become feral on the island of
Porto Santo, we are at first strongly tempted to attribute the
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 lhinve to consider in addition the tendency to reversion fo
progenitors more or less remote, and the natural selection of the
finest shades of difference.

The nature of the food sometimes either definitely induces certain
peculiarities, or gtands in some close relation with them. Pallas
long ago asserted that the fat-tailed sheep of Siberia degenerate
and lose their enormous fails when removed from certain saline
pastures; and recently Erman * states that this occurs with the
Kirgisian shecp when brought to Orenburgh.

1t is well known that hemp-seed causes bullfinches and certain
other birds to become black. Mr. Wallace has communicated tome
gome much more mmnyknblo facts of the same nature, The natives
of the Amazonian region feed the common green parrot (Chrgsotis
Jestiva, Linn.) with the fat of large Silurcid fishes, and the birds
thus treated become beautifully variegated with red aund yellow
feathers. In the Malayan archipelago, the natives of Gilolo alter in
an analogous manner the colours of another parrot, namely, the
Lorius garrulus, Linn., and thus produce the Lori rajah or King-
Lory. These parrots in the Malay Islands and South America,
when fed by thenatives on natural vegetable food, such as rice and

lnintains, retain their proper colours. M. Wallace has, also, re-
corded ' a still more singunlar fact. “The Indians (of S. America)
« have a eurionsart by which they change the eolours of the feathers
« of many birds. They pluck out those from the part they wish to
« naint, and inoculate the fresh wound with the milky secretion
“ Ef;lm the skin of a small toad. The feathers grow of a brilliang

0 ¢ Schwemeschibdel,’ 1864, 5. 99, © A, R. Wallace, “Travels on the
# ¢Travels in Siberia,’ Eng. trans-  Amazen and Rio Negro)' p. 204,
lat,, vol. i. p. 228,



270 Crar. XXI1IL
* yellow colonr, and on being plucked out, it is spid, 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 cage-birds.

It is well known that the shells of land-mollusca are affected by
the abundance of lime in different districts. Isidore Geoffroy Saint-
Hilaire * gives the case of Heliw lactex, which has recem{y been
carried from Spain to the South of France and to the Rio Plata, and
in both countries now presents a distinet appearance, but whether
this has resulted from food or climate is not known. With respect
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 a much more re-
markable case of the same nature, namely, that young shells taken
from the shores of England and placed in the Mediterranean, a$
once altered their manner of growth and formed prominent diverging
rays, 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 themselves acquire a different
colour or produce moths differing in colour.** .

It would be travelling beyond my proper limits here to discuss
how far organiec beings in a state of nature are definitely modified
by changed conditions. In my ‘Origin of Species’ I haye given n
brief 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
gen on the lurid tints of insects, and on the succnlency 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 by the surrounding conditions, and they invariably diffex
in intimate structure. So again the upper and lower surfaces of
true leaves, as well as of stems and petioles, when these assume

DEFINITE ACTION OF THE

In Soc. Imp. d"Acclimat.,” tom. viii. p.

¥ {Naturgeschichte der Stuben-
563. facts from

vogel," 1840, 5. 262, 308,

 {Hist. Nat Gén,' tom. iii. p.
402,
4 ¢Bull. de la Soc. Imp. d'Accli-
mat.,” tom. viil. p. 851,

4 See an account of Mr. Gregson's
expariments on the Abrarus grossu-
lariata, * Proc. Entomolog. Soc.,” Jan.
_ Gth, 1862: these experiments have

been confirmed by Mr., Greening, in
‘Proc. of the Northern Entomolog.
Soe.,” July 28th, 1862. For the effects
of food an caterpillars, see o curions
aceount by M. Michely, in ‘Bull, de

For analogous
Dahlbom on Hymenoptera, see West-
wood’s ¢ Modern Class, of Insects,” vol,
il. p. 98, Ser also Dr, L. Moller,
‘Die Abhangigkeit der Insecten,’
1867, s, 70.

48 The Principles of Biology,” vol.
ii., 1866, The present chapters were
written before I had Mr. Her-
bert Spencer's work, so that I have
aot been able to make g0 much use of
it as 1 should ctherwise probably
have done.
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the function and ocecupy the position of leaves, are differently
circumstanced with respect to light, &e., and apparently in con-
sequence differ in structure. But, as Mr. Herbert Spencer admits,
it is most difficult in all such cases to distinguish between the
effects of the definite action of physical conditions and the accumu-
lation throngh natural selection of inherited variations which are
serviceable fo the organism, and which have arisen independently
of the definite action of these conditions.

Although we are not here concerned with the definito
action of the conditions of life on organisms in a state of
nature, I 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 heak, 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 temperature® With respect to plants I will give a some-
what analogous case: Mr. Mechan,'” has compared twenty-
nine kinds of American trees with their nearest European
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 the corresponding European species. Now
considering that these corresponding trees belong to several
distinet orders, and that they are adapted to widely different
stations, it can hardly be supposed that their differences are
of any special service to them in the New and Old worlds ;
and if so such differences cannot have been gained through
natural selection, and must be attributed to the long con-
tinued action of a different climate.

# Professor Welsmann comes to  other authors on the present subject 3
the same conclusion with respect to  for instance, to Kerner's ‘Gute un
certain European butterflies in his  schlechte Arten 13_66.
valuable essay, ‘Ueber den Saison- 41 ¢ Proc. Acad. Nat. Soc. of Philas
Dimorphismus,’ 1875, 1 might also  delphia,’ Jan. 28th, 1862,
refer to the recent works of several
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Galls.--Another class of facts, not relating to cultivated
plants, des:rves attention. Tallude to the production of galls,
Every one knows the curious, bright-red, hairy productions
on the wild rose-tree, and the various different galls produced
by the cak. Some of the latter resemble fruit, with one face
as rosy as the rosiest apple. These bright colours can be of
no serviee either to the gall-forming insect or to the tree, and
probably are the direct result of the action of the light, in the
* game manner as the apples of Nova Scotia or Canada are
brighter 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
ghoots of junipers and firs, when punctured by certain insects,
yield monstrous growths resembling flowers and fir-cones ; and
the flowers of some plants become from the same cause wholly
changed in appearance. Galls are produced in every quarter
of the world; of several sent 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 simpls, but in
others it is highly complex; thus M. Lacaze-Duthiers'® has
figured in the common ink-gall no less than seven concentrio
layers, composed of distinct tissue, -namely, the epidermie,
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 larvie feed.

Galls are produced by insects of variong orders, but the

@ Seo Mr. B. D. Walsh’s excellent 1864, p. 546.

pers h: ¢Proe. Entomolog. Sec. et See his ndmirable *Histeire dog
milmlclphia" Dec, 1866, p. 284 Galles,” in ‘Amml: des Se, Nat. Bot.,
With 1espect to the willow, see jbid,,  9rd series, tom. xix,, 1853, p. 273,
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greater number by species of Oynips. Tfis 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 almost completely developed before the larvee are batched.
Considering that many gall-insects are extremely 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.
(3alls, 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 beconies still more
yemarkable 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,
“ 4o 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
suflicient 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 distinguished ; the Cynips
JSecundatriz, 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 nature 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 poisonous secretion of insects belonging to varlous
orders has the special power of affecting the growth of various

# Kirbyand Spence’s ‘ Entomology,’ ¥ Mr. B. D, Walsh, ibid., p. 633,
1818, vol. i. p. 450; Lacaze-Duthiers,  and Dec. 1866, p. 275.

ibid., 7. 284, %% Mr. B. D. Walsh, ibid., 1664, pp,
81 ¢Proc. Eatomolog. Soc. Phila- 585, 411, 495 ; and Dec. 1866, p, 278,
deluhia,’ 1864, p. 558. ' j See also Lavaze-Duthiers,

VOL, IL T
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plants ; asaslight difference in the nature of the poison suffices
to produce widely different results; and lastly, as we know
that the chemical compounds secreted by plants are eminently
yiable 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 viscid 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 branched 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 epidermie,
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. I am far from
wishing to maintain that the moss-rose or the hard shell of
the peach-stone or the bright colours of hirds 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 strue-
ture. - With such facts before us, we need feel no surprise
at the appearance of any modification in any organic being.

I may, also, here allude to the remarkable effects which parasitic
fungi sometimes {mxluce on plants. Reissek® has described
Thesium, affected by an (Ecidium, which was greatly modified, and
assumed some of the characteristic features of certain allied species,
or even genera. Suppose, says Reissek, “ the condition originally
“ eansed by the fungus to become constant in the course of time,

“ the plant would, if found growing wild, be considered as a distinet
“ gpecies or even as belonging to a new genus,” 1 quote this

* Lacaze-Duthiers, ibid,, pp. 825, by Dr. M. T. Masters, Roya) Institu-
328, tion, March 3th, 1860,
% ‘Linnwa," vol. xvii., 1813 ; quoted
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remark to show how profoundb;:dyet in how natural a manner, this
plant must bave been modified by the parsitic fungus. M.
Meehan * also states that three species of Euphorbia and Porfulaca
ofereacea, Which naturally grow prostrate, become erect when they
are attacked by the (Beidinm, Fuphorbia maculata in this case also
Lecomes nodose, with the branchlets comparatively smooth and the
leaves modified in shape, approaching in these respects to a distinct
specics, namely, the #. hypericifolia.

Facts and Considerations oppased to the belief that the Conditions
of Life act in a potent manner in causing definite Modifications
of Structure,

I have alluded to the slight differences in species naturally
living in distinet countries under different conditions; and
such differences we feel at first inclined to attribute, probably
often with justice, to the definite action of the surronnding con-
ditions. DBut it must be borne in mind that there exist many
animals and plants which range widely and have been exposed
to great diversitics of climate, yet remain uniform in character.
Some authors, as previously remarked, account for the varie-
ties of our culinary and agricultural plants by the detinite
action of the conditions to which they have been exposed in
the different parts of Great Britain: but there are about 200
plants *7 which are found in every single English county ; and
these plants must have been exposed for an immense periad
to considerable differences of climate and soil, yet do not
differ. So, again, some animals and plants range over a large
portion of the world, yet retain the same character.

 Notwithstanding the facts previonsly given on the oceurrence of
highly peculiar local diseases and on’ the strange modifications of
structure in plants caused by the inoculated poison of insects, and
other analogous cases; still there are a multitude of variations—
such as the modified skull of the niata ox and bulldog, the long
horqs of Caffre cattle, the conjoined toes of the solid-hoofed swine,
the immense crest and protuberant skull of Polish fowls, the crop
of the pouter-pigeon, and a host of other such cases—which we can
hardly attribute to the definite action, in the sense before specified,
of the external conditions of life. No doubt in every case there
must have been some exciting cause; but as we see innumerable

5 ¢Proc Acad. Nat. Sc., Philadel- ** Hewett 7. Watson, ¢ Cybela
{hil,'June 16, 1874, and July 23, Britannica,’ voi i, 1847, p. 11,

875.
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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 higher importance than the conditions to which it has been
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 éxposed, as far as we can judge, to nearly
the same conditions. As the most strongly marked variations
graduate insensibly into the most trifling, we are led by the same
train of thought to attribute each slight variation much more to
innate differences of constitution, however caused, than to the
definite action of the surrounding conditions,

We are led to the same conclusion by considering the cases,
formerly alluded to, of fowls and pigeons, which have varied and
wiil no doubt 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 a little shorter. By
the long-continned selection of such slight individual differences
which oceur in birds kepf in the same aviary, widely different races
could certainly be formed; and long-continued selection, important
a3 is the result, does nothing but preserve the variations which arise,
15 it appears to us, spontancously.

In these cases we see that domesticated animals vary in an
indefinite numwber of particulars, though treated as nniformly ns
i§ possible. On the other hand, there are instances of animals and
plants, which, though they have been exposed to very different
conditions, both under nature and domestication, have varied in
nearly the same manner. Mr, Layard informs me that he has
observed amongst the Cafires of South Afrieca n dog singularly like
an arctic Esquimaux dog. Pigeons in India present nearly the
same wide diversities of colour as in Euro ; and I have seen
chequered and simply barred pigeons, and pigeons with blue and
white loins, from Sierra Leone, Madeira, England, and India. New
varieties of flowers are continually raised in different parts of Greag
Britain, but many of these are found by the judges at our exhibitions
to be almost identical with old varietics, * A vast number of new
frait-trees and culinary vegetables have been produced in North
America : these differ from European varieties in 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 Ameriea
has given to the many American varietios any general character by
which they can be recognised. Nevertheless, from the facts pre-
viously advanced on the authority of Mr, Mechan with respect to

American and European forest-trees it wounld be rash to affirm that
varieties raised in the two countries would not in the course of
Ages assume a distinctive character. Dr. M, Masters has recorded a
Striking fact® bearing on this subject: he raised numerons plants

* ¢ Gardener’s Chronicle,” 1857, p. 629,
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of Hybiscus syriacus from seed collected in South Caroliua and the
Holy Land, where the parent-plants must have been exposed to
considerably different conditions; yet the scedlings from both
localities broke into two similar strains, one with obtnse 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, fram
the several cases given in the earlier chapters of parallel series of
varieties,—an important subject, hereafter to be more fully dis-
cussed. Snb-varieties of the several kinds of wheat, gourds, peaches,
and other plants, and to a limited extent sub-varieties of the fowl,
pigeon, and dog, have been shown either to resemble or to differ
from one another in a closely corresponding or parallel manner.
In other cases, & variety of one species resembles a distinet species;
or the varieties of two distinet species resemble one another.
Although these pavallel resemblances no doubt often result from
reversion to the former characters of a common progenitor; yet in
other cases, when new characters first appear, the resemblance must
be attributed to the inheritance of a similar constitution, and con-
sequently to a tendency to vary in the same manner. We see
gomething of & similar kind in the same monstrosity appearing and
reappearing many times in the same species of animal, and, as Dr.
Maxwell 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-
uge of domesticated birds far better than ¢f most quadrupeds,
we will glance through the list. The pigeon has varied in
Europe 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 Europe, has yielded some well-marked races; and as this
is an aquatic bird, it must have been subjected to a far more
gerious change in its habits than the pigeonor even the fowl,
which nevertheless have varied in a much higher degree,
The goose, 2 native of Europe and aquatic like the duck, has
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varied less than any other domesticated bird, ..xoept 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
ull the flowers on *he 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 exiremely 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
tree has been cultivated by the million in various parts of the
world, has been freated differently, grown on its own roots
aud grafted on various stocks, planted as a standard, trained
ngainst 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 mnectarines.
Nectarines differ, as every one knows, from peaches in their
gmoothness, 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
guddenly acquired, that a nectarine produced by bud-variation
has propagated itself by seed. To guard against the supposi-
tion that there is some fundamental distinction betsveen bud
and seminal variation, it is well to bear in mind that
nectarines have likewise heon produced from the stone of the
peach ; and, reversely, pcaches from the stone of the nectarine.
Now is it possible fo conceive external conditions more
elosely alike than those to which the buds on the same tree
are exposed 7 Yet one bud alone, out of the many thousands
borne by the same tree, has suddenly, without any apparent
canse, produced a nectarine 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 theé other half or three-

quarters a
peach have y
thns produce
but still they are mnectarines.

peach. Again, seven or eight varieties of the
ielded by bud-variation nectarines : the nectarines
d, no doubt, differ a little from one another ;

Of coursé there must be

some cause, internal or external, to excite the peach-bud to
shange its mature; but I cannot imagino a class of facts
better adapted to force on our minds the conviction that
avhut wo call the external conditions of life are in many cases

quite insigni

ficant in relation to any particular yariation, in

comparison with the organisation or constitution of the being

which

varies,

1t is known from the labours of Geoffroy Saint-Hilaire, and
recently from those of Dareste and others, that eggs of the
fowl, if shaken, placed upright, perforated, covered in part
with varnish, &c., produce monstrous chickeys. Now these

monstrosities may be

said to be directly caused by such

unnatural conditions, but the modifications thus induced are
not of a definite nature. An excellent observer, M. Camille
Dareste,® remarks * that the various species of monstrosities
ware not determined by specific causes; the external agencies
« which modify the development of the embryo act solely in
“gansing 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-il

\roat, rheu-

matism, or inflammation of the lungs or pleura. Contagious

matter acts in an analogous manner.” We may

more specific instance : seven pigeons were struck by rattle-

snakes %! some suffered from convulsions;

take a still

gome had their

blood coagulated, in others it was perfeetly fluid ; some

ghowed ecchymosed spots on the heart, ot
&o. ; others again showed na visible Jesion in any Organ.

hers on the intestines,
1t

is well known that excess in drinking causes different discases

8 ¢ Mémoire sur la Production

Artificiel
op. 8-12

le des Monstruosités,” 1862,
; * Recherches sur los Condi=

tions, &e., chez les Monstres,’ 1863,

P A
Geolffroy”

An abstract is .given of
s Experiments by his son, in

his € Vie, Travaux,” &e., 1847, p. 260,
o Paget, *Luctures on Surgical
Pathology,’” 1855, vol. i p. 483,
¢l ¢ Researches upon the Venom of
the Rattle-snake,' Jan. 1861, by Dr.
Mitchell, p. 67,
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iu 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 apparently give us as good an idea as
we are likely for a long time to obtain, how in many cases
external conditions act directly, though not definitely, in
causing modifications of structure.

Summary. —There can be no doubt, from the facts given in
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 variability is accumu-
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 oceurred with Enropean 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 ancther. 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 a toad, prove to us what great and mysterions changes in
structure and colour, may be the definite result of chemical
changes in the nutrient fluids or tissues. ok

We now almost certainly know that organic beings in a

# Mr. Sodgwick, in ¢ British and Foreign Modice-Chirurg, Review,” July
1863, p. 175.
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ptate of natme 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 other animals in the northern and
southern United States, and of American frees in comparison
with their representatives in Europe. But in many cases it
is most difficult to distingnish 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
result from the direct action of the environment, though we
have no grounds for believing that variations of the right
kind wounld occur more frequently with plants inhabiting a
station a little more humid than usnal, than with other plants.
Whether the station was unusually dry or humid, variations
adapting the plant in a slight degree for directly opposite
habits of life would occasionally arise, as we have good reason
to believe from what we actually see in other cases.

The organisation 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
nearly the same conditicns. We have still better evidence of
this in closely parallel varieties being frequently pr?duced
from distinct races, or even distinet species; and in the
frequent recurrence of the same monstrosity in the samo
gpecies. We have also seen that the degree to which
domesticated birds have varied, does not stand in amy close
relation with the amount of change to which they have heen
subjected. :

'f'lo recur once again to bud-variations. When we reflect on
the millions of buds which many trees have produced, beforo
some one bud has varied, we are lost in wonder as to what

i sariation can be. Let us recall the
the precise cause of each vanation , s
case given by Andrew Knight of the forty-year-old tree of the
yellow magnum bonum plum, an old variety which has ‘K_?OD
propagated by grafts on varivus stocks for a very long period
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thronghout Europe 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,—althonsh separated
by a vast number of generations from any progenitor in
common, and although cultivated under diversified conditions,
have yielded by bud-variation closely analogous varieties,
When we reflect on these facts we become deeply impressed
with the conyiction that in such cases the nature of the
variation depends but little on the conditions to which the
plant has been exposed, and not in any especial manner on
its individual character, but much more on the inhérited
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 organic beings.

8% Professor  Weirmann  argues  ‘Saison-Dimorphismus der Schmetters
strongly in “avour of :his view in his  linge,' 1875, pp. 40-43.
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CHAPTER XXIV.

LAWS OF VARIATION—USE AND DISUSE, ETC.

NISUS FORMATIVUS, OR THE CO-ORDINATING I'OWER OF THE ORGANISATION—
ON THE EFFECTS OF THE INCREASED USE AND DISUSE OF ORGANS—
CHANGED HARITS OF LIFE—ACCLIMATISATION WITH ANIMALS AND PLANTS
—VARIOUS METHODS EY WHICH THIS (AN BE EFFECTED—ARRESTS OF
DEVELOPMENT—RUDIMENTARY ORGANS,

Ix this and the two following chapters I shall discuss, as well
as the difficulty of the subject permits, the several laws which
govern Variability. These may be grouped under the effects
of use and disuse, including changed habits and acclimatisation
—arrest of development—correlated variation—the cohesion
of homologous parts—the variability of multiple parts—com-
pensation of growth—the position of budswith respect to the
axis of the plant—and lastly, analogous variation. These
several subjects so graduate into one another that their dis-
tinetion is often arbitrary.

It may be convenient first briefly to discuss that co-
ordinating and reparative power which is conimon, in a higher
or lower degree, to all organic beings, and which was formerly
designated by physiologists as nisus formativus.

Blumenbach and others ' have insisted that the principle which
permits a Hydra, when cut into fragments, to develop itself into
two or more perfect animals, is the same with that which causes
a wound in the higher animals to heal by a cicatrice. Such cases
as that of the Hydra are evidently analogous to the spontaneous
division or fissiparous generation of the lowest animals, and like-
wise to the budding of plants. Between these extreme cases ;uld
that of & mere cicatrice we have every gradation. Spallanzani, by
cutting off the legs and tail of a Salamander, got in the course of three
months six crops of thpse members ; so that 657 perfeot bones werd
reproduced by one animal during one sewson. At whatever point

! § An Essay on Geperation,' Eng. 208, h
translat,, p. l{!; Paget, * Lectures on ® ¢ An Essay on Apimal Reproduo-
Surgical Pathology,” 1853, vol. i. p.  tion,” Eng. translat,, 1769, p. 79.
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the limb was cut off, the deficient part, and no more, was exactly
reproduced. When a dizeased bone has been removed, a new ons
“gometimes “ gradually assumes the regular form, and all the attach-
“ments of musecles, hgaments, &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 per?ect skin, for elastic tissue is not produced till long afterwards.®
“ The activity of the nisus formatives,” says Blumenbach, “ is in an
“inverse ratio to the age of the organised body.” Its power is also
greater with animals, fhe lower they stand in the scale of organi-
eation ; and animals low in the scale correspond with theembryos of
higher animals belonging to the same class. Newport's observations ®
afford a good illustration of this fact, for he found that “ myriapods,
# whose highest developmentscarcely carries them beyond the larve
“of perfect insects, can regenerate limbs and antenn® up to the
“time of their last moult;” and so can the larvam of true insects,
but, except in one order, not in the mature insect. Salamanders cor-
respond in development with the tadpoles or larvie of the tailless
Batrachians, and both to a large extent the power of re-
growth ; but not so the mature tailless Batrachians,

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 varicosa
veins excavate 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 for the medullary tissue as the bone increases in size,
In trying to understand the many well-adapted cases of re-growth
when aided by absorption, we should remember that almost gll
parts of the organisation, even whilst retaining the same form
undergo constant renewal ; =o that a part which is not renewed wonld
be liable to absorption.

Some cases, usually classed under the so-called nisus formativus
at first appear to come under a distinet head ; for not only are old
structures reproduced, but new structures are formed. us, after
inflammation “false membranes,” furnished with blood-vessels,
lymphatics, and nerves, are developed ; or a foetus escapes from the
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* Carpenter’s ¢ Principles of Comp.
Physiology,” 1804, p. 479,

¢ Charfesworth's * Mag. of Nat.
Hist.," vol. i, 1837, p. 145, :

$ Paget, *Lectures on Surgical
Pathology,’ vol. i, p. 239,

¢ Quoted by Carpenter, ‘Comp.

Phys.," p. 479,
’y‘Pro . Marey’s discussion on the

power of co-adaptation in all purts of
the organisation is oxeellent. ¢4
Machine Animale,’ 18735, chap, ix. Sag
also Paget, ¢ Lectures,’ &c., p, 257,
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Fallopian tubes, and falls into the abdomen, “ nature ponrs out a
“ guantity of plastic lymph, which forms itself into organised mem-
« prane, richly supplied with blood-vessels,” and the feetus is
nonrished for o 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 forwed by the profiferation of pre-existing
cells. On this view false membranes, like cancerous or other
tumonrs, are merely abnormal developments of normal growths;
and we can thus understand how it is that they resemble adjoining
struetures; for in.sumce,.thnt 8 “false membrane in the serous
« pqvities acquires & covering of epithelinm exactly like that which
@ sovers the original serous membrane; adhesions of the iris may
« become black apparently from the uction 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
s 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-
ration. This subject has been here noticed, because we may infer
tliat, when any part or organ is either greatly increased in size or
whoily suppressed through variation and continued selection, the
co-ordinating power of the organisation will continually tend to
bring again all the parts into harmony with one another.

BEFFECTS OF USE AND DISUSE.

On the Effects of the Increased Use and Disuse of Organs.

It is notorious, and we shall immediately adduce proofs,
that increased use or action strengthens muscles, glands,
gense-organs, &c.; 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 af rest.
(‘onsequently, if the work is frequent, the vessels increase in
size and the part is better nourished. Pagot 13 also accounts
for the long, thick, dark-coloured hairs which occasionally

® These rases are given by Blumen-
buch in his ¢ Essay on Generation,” pp.
52, 54,

% ‘Cellular Pathology,’ trans. by
Dr. Chance, 1860, pp. 27, 441 \

10 Paget, ¢ Lectures on Pathology,
wol. i., 1853, p- 837,

15 Paget, itid., p. 150.

12 ¢ Dje Blutvertheilung, &ec. dor
Organe,” 1871, as quotsl by Jaeger,
¢ In Sachen Darwin's 1874, p. 48
e also H, Spencer, ‘The Principles
of Blology,’ vol. ii. 1866, chap, 3-5,

1 ¢Lecturas oo Pathology,” 1853
vol. L. p. 71, -
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grow, even in young children, near old-standing inflamed
surfaces or fractured bones by an increased 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 :nteresting 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 hest exhibited in
dogs in which the tibia has been removed ; the companion
bone, which is naturally almost filiform and not one-fifth the
size of the other, soon acquires a size equal to or greater than
that of the tibia. Now, it is at first difficult to believe that
increased weight acting on a straight bone could, by alternately
increasing and diminishing the pressure, cause the blood to
flow more freely in the vessels which permeate the periostenm
and thus supply more nutriment to the bone. Nevertheless
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 trec 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 withont
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

14 ¢Comptes Rendus,” Sept. 26th, 1 Thid., vol. it. p. 269. Sachs,
IBG4, p. 539, * Text-book of Botany,” 1875, p. 784,
'3 H, Spencer, ‘The Principles of 37 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 withont the possibility of any movement. and without,
as far as we can see, any other directly exciting cause ; and as
the hardness of these 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 palins and soles of the feet than on any other
part of the body, as was observed with admiration by Albinus,'®
we are naturally inclined to attribute this to the inherited
effects of long-continued use or pressure. We are tempted to
extend the same view even to the hoofs of quadrupeds; but
who will pretend to determine how far natural selection may
have aided in the formation of structures of such obvious
importance to the animal ?

That use strengthens the muscles may be seen in the limbs of
artisans who follow different trades; and when a muscle is
stmngthened. the tendons, and the crests of bone to which they are
attached, become enlnrgcd; and this must likewise be the case with
the blood-vessels and nerves. On the other hand, when a limb is
not used, as by Eastern fapatics, or when the nerve supplying it
with nérvous power is effectually destroyed, the muscles wither.
So again, when the eye is destroyed the optic nerve becomes
atrophied, sometimes even in the course of a few months.” The
Proteus is furnished with branchim as well as with lungs: and
Schreibers® found that when the animal was compelled to live in
deep water, the branchie 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 branchim disappeared
in a more or less complete degree. Such modifications as these are,
however, of comparatively little value for us, as we do not actually
Eknow that they tend to be inherited.

In many cases there is reason to believe that the lessened use of
varions organs has affected the corresponding parts in the offspring.
But there is no gonl evidence that this ever follows in the conrse
of a single generation. It appears, as in the case of general or in-

18 Pacet. © Lectures on Pathology,!  p. 10) a curious account of the atroply
vol. iil.";t"i;OB. o zrf the limbs of rabbits after the pd-.!
15 Miller's | Phye.’ Eng translat.,  struction of the nerve,
p. 54, 791 Prof. Reed has given * Quoted by Lecoq, in ¢ Géograph,
(* Physiological and Anat. Rescarches,’ Dot tom. i, 1804, p. 182,
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definite vaviability, 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 like a young 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 earlior
chapters I need here only recapitulate the results. With domestie
pigeons, the length of the sternurm, the prominence of its crest,
the length of the scapulm and furculum, the length of the wings as
measured from fip 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 witk
the use of the wings or tail, as the lengthened hair on a dog with
the amount of exercise which it has habitually taken. The feet of

igeons, except in the long-beaked races, are reduced in size. With
owls the crest of the sternum is less prominent, and is often dis-
torted or monstrous ; the wing-bones have become lighter relatively
to the leg-bones, and are apparently a little shorter in comparison
- 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 furculum, coracoids, and scapuls 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 longer and 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 hn.rdlg reach to its base. He remarks
also on the ter thickness of the legs, and says that the swimming
membrane between the toes is reduced ; but I was not able to
detect this latter difference.

With the domesticated rabbit the body, together with the whole
gkeleton, is 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
geapul® have increased in length proportionally with the increased
dimensions of the rest of the skeleton, The gkull has become in g
marked manner narrower, and, from the measurements of itg
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

2 ¢ Das Abindern der Vogel,' 1835, s, 74,
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been kept during many centuries closely confined, emerge from their
cocoons with their wings distorted, incapable of flight, often greatly
reduced in size, or even, according to Quatrefages, quite rudimentary.
This condition of the wings may be largely owing to the same kind
of monstrosity which often affects wild Lepidoptera when artificially
reared from the cocoon; or it may be in part due to an inherent
tendency, which is common to the females of many Bombycidsm, to
have their wings in & 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 ancienfly 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
superfluons part saved. With highly-fed domesticated animals,
on the other hand, there seems to be no econoryy of growth,
nor any tendency to the elimination of superfluous details,
But to this subject I shall recur.

Turning now to more general observations, Nathusias has
shown that with the improved races of the pig, the shortened
Yews and snout, the form of the articular condyles of the
oceiput, and the position of the jaws with the upper canine
teoth projecting in a most ano_malous 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
breeds, 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
“with those possessed by animals havirg perfect liberty ;"#

i vathusius : ¢ Der Schiidel M
&:w:::?si;;éoy ;_[):;3, Ig;c;m- V(::f z:?lweiu;,' 18%. rnstie hs.k“.
studicn . . . . Schweineschiidel,’ 1864, n “Jou.rnnl of Agriculture of High
& 108, 130, 133. Prof. Lucae supperts  land Soc.,’ July, 1860, p. 321,

snd extends the eonclusicns of Von
VoL, il v
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and the reduction of these organs affects the general shape
of the body. The cause of the reduced lungs in highly-bred
animals which take little exercise is 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 life ; for instance, the neck and fore-
legs in length, and the hoofs in shape.

1t is well known that, when an artery is tied, the anastomosing
‘branches, from being forced to transmit more blood, increase in
diameter; and this increase cannot be 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 donble 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 goat
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 first-rate animal, kept, for nstance, by the Damaras
of South Afriea,* “rarely gives more than two or three pints of milk
“ daily, and, should her calf be taken from her, she absolutely
“ yefuses 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 the inherited effects of the
increased action, through man’s art, of the secreting glands,

It is notorions that short-sight is inherited ; and we have =een in
the twelfth chapter from the statistical researches of M. Girand-
Teulon, that the habit of viewing near objects gives a tendency to
short-sight. Veterinarians are unanimous that horses are affected
with spavins, splints, ringbones, &e., from being ghod and from
travelling on hard roads, and they are almost equally unanimong
that a tendency to these malformations is transmitted. Former]
horses were not shod in North Carolina, and it has been asserted that
they did not then suffer from these disenses of the legs and fect.®

Our domesticated quadrupeds are all descended, as far ag ig
known, from species having erect ears; yet few kinds can be
named, of which at least one race has not drooping ears,

20 ¢ Landwirth., Wochenblatt,” No.  in South America, sce Aug. St.-Hilajre,
10. * Voyage dans ln Province de e,,m,:
2 ( Legtures on Surgical Pathology,’  tom. & p. 71
1853, vol. i. p. 27. i .Bm:kc‘l.ls ANat, Hist. of North

# Andersson, *Travels in Seuth  Careling,” 1739, p. 53,

Africs,’ p. 318, For apalogous cases
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Cats in China, horses in parts of Russia, sheep in Italy and slso-
where, the gninea-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 diréction 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 2*
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 representations of hounds with completely drooping
“ gars ; 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 ears
“ enlarged and pendent.”*® But it is remarkable that the
drooping of the ear is not accompanied by any decrease in
gize; on the contrary, animals so different as fancy rabbits,
certain Indian breeds of the goat, our petted spaniels, blood-
hounds, and other dogs, have enormously clongated ears, so
that it would appear as if their weight had caused them to
droop, aided perhaps by disuse, With rabbits, the drooping
of the much elongated cars has affected even the structure of
the skull. »

The tail of no wild animal, as remarked to me by M. Blyth,
is curled; 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 donbtful.

 Livingstone, quoted by Yomatt ¢ Jahrbuch der deutschen Viehzucht,
on Shl:ep, 5142? Hodgson, in‘Jou.p. 1866. e :
nal of Asiatic Soc. of Bengal,’ vol. xvi., . ** “Naturalist's Library,” Dogs, vol
1847, p. 1006, &e. & On the other i, 1840, P l(bf : A
hlnd: Dr. Wilckens argues strongly % De I'Espice,’ tom, i., 1859, p

inst the belief that the drooping 367,
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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 ;" butit is not stated whether
this peculiarity is inherited.’!

The mucous membrane which lines the stomach is con-
tinuous 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 iilteresting
changes 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 change in the stomach of a raven which had
been long fed on vegetable food. In the case of an owl (Striz
grallaria), similarly treated, Menetries states that the form of
the stomach 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
intestines. According to Daubenton, the intestines of the
domestic cat are one-third longer than those of the wild cat
of Europe; and although this species is not the parent-stock
of the domestic animal, yet, as Isidore Geoffroy has remarked,

31 ¢ Ceylon,’ by Sir J. E. Tennent, a5 qlll.‘:lml in Macgillivray’s ¢ British
1859, vol. it p. 531. Birds vol. v. p. 500 : Menetries, as
3 Far the foregoing statements, se¢ q}lo(ed. in "Bronn s *Geschichte der
Hunter's ¢ Essays and Observations,  Natur,’ B, ii. & 110,
1861, vol. fi. p. 329; Dr. Edmondston,
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the several species of cats are so closely allied that the
comparison i8 probably a fair one. The increased length
appears to be due to the domestic cat being less strictly car-
nivorous 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 nutritions food
given to the tame rabbit.®*

Changed and inherited Habits of Life.—This subject, as far as
the mental powers of animals are concerned, so blends into
instinet, 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 individuals which have varied in the desired
manner, irrespectively of the epecial circumstances under
which they have been kept, can seldom be told.

We have already seen 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 exelu-
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. Insome 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.** Omne 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

8 Those statements on the intestines  borne,’ 1825, vol. it p. 121,
ere taken from Isidore Geoffroy Saint- 3 Burdach, ‘ Traité de Phys,.” tom.
Hilaire, ¢ Hist. Nat. Gén.,’ tom. iii. pp. il p. 267, as quoted by Dr. P. Lucas,
427, 441, * L'Héréd, Nat.,’ tm. i p, 988,

8 Gilbert Whate, ¢ Nat. Hist. Sal-
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be fed ; but they would not touch swill, which was devoursd
by the other pigs. An animal when once accustomed 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
cat meat, whilst another would have perished from hunger
rather than have partaken of it.% The caterpillars of the
Bombyz 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 actnally died of
hunger.?

It 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 varieties 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

38 This and se other cases are 553,
g by g Pl Gon' | Bt s o P
2‘;’“ i e L ® ¢ Tha J\me;'if;m .\-'uturllmg' A
31 M, Michely de Caycnne, in ¢ Bull. 1874, p. 237,
8oc, d’Acclimat.,’ tom. viil.,, 1861, p.
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one another in their manner ‘of hunting, and in their ardour
after different kinds of game or vermin.

With plants the period of vegetation is casily changed and
is inherited, as in the case of summer ana winter wheat,
barley, and vetches; but to this subject we shall immediately
return under acclimatisation. Annual plants sometimes
hecome perennial under a new climate, as | hear from Dr.
Tooker 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 heartsease. Von Berg 10
raised from seed of Verbaseum pheeniceum, which is usually a
biennial, both annual and perennial varieties. Some de-
ciduous bushes become evergreen in hot countries.*! Rice
requires much water, but there is one variety in India which
can be grown withont irrigation.** Certain varieties of the
oat and of our other cereals are best fitted for certain soils.4®
Endless similar facts could be given in the animal and vege-
table kingdoms.  They are noticed here becanse they illustrate
analogons differences in closely allied natural species, and
becaunse such changed habits of life, whether due to habit, or
to the direct action of external conditions, or to so-called spon-
taneous 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 distinct 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
become thus adapted 7 We have seen that European dogs do
not succced well in India, and it is asserted,™ that noone has
there suceeeded in keeping the Newfoundland long alive ; but
then it may be argued, and probably with truth, that these

40 & Plora,’ 1835, B. i, p. 504, 9 ¢Gardenor's Chronicle, 1850,
A1t Alph. de Candolle, “Géograph.  pp. 204, 219,
Bot.,” tom. ii. p. 1078. 4 Rev. R. ?_\'en-ﬁ “Journal 2n,
' Royle, ‘lllnstrations of the Soc. of Beagal,’ vol. iii, p. 19.
Botany of the Himz:nya,' p, 19,
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northern breeds are specifically distinct from the native dogs
which flourish in India. The same remark may be made with
respect to different breeds of sheep, of which, according to
Youatt,'* not one brought “from a torrid climate lasts ont
* 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.*® It 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 Mediterranean,!” though
so 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 provinee
of Shan Tung, in China, belong to the same species, as we
may infer from their identity in the caterpillar, cocoon, and
mature states; 4 yet they differ much in constitution: the
Indian form * will flourish only in warm latitudes,” the other
15 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,
that we find nearly the same species in tropical and temperato
countries ;swhilst the cultivated plants are widely dissimilar. Hence
a larger field is open for inguiry in regard to the acclimatisation of
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; I
will select only a few of the more striking cases, as it would be
tedious to give all. In North America numerouns fruit-trees have
been raiged, and in horticultural publications,—for instance, in that
by Downing,—lists are given of the varieties which are best able to
withstand the severe climate of the northern States and Canada.
Many American varieties of the pear, plum, and peach are excellent
in their own country, but until recently, hardly one was known that
suceeeded in England ; and with apples,* not one succeeds. Though
the American varieties can withstand a severer winter than ours, tﬁo

# Youatt on Sheop, 1838, p, 491, municated to Bot, Soc. of Canada,
*: Royle, * Prod, Resources of India,”  quoted in the ‘ Reader, 1863, Nov,

P 158, 15th.
Y Tegetmeior, ‘Poultry Book,’ 4 Sae remarks by Editor in * Gard,
1866, 1. 102, Chronicle,” 1848, p. 5.

 Dr, R. Paterson, in a paper com-
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summer here is not hot enough. Fruit-trees have also originated
in Europe with different constitutions, but they are not much
noticed, because nurscrymen here do not supply wide areas. The
Forelle flowers early, and when the flowers have just set, and
this is the eritical period, they have been observed, both in France
and England, to withstand with complete impunity a frost of 182
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
resisting cold and afferwards producing fruit does not invariably
depend, as we know on good authority,” on general constitutional
vigour. In proceeding northward, the number of varieties which
are found capable of resisting the climate rapidly decreases, ns may
be seen in the list of the varieties of the cherry, apple, and pear,
which can be cultivated in the neighbourhood of Stockholm.* Near
Moscow, Prince Troubetzkoy planted for experiment in the open
ground several varieties of the pear, but one alone, the Poire suns
Pepins, withstood the cold of winter.® We thus see that our fruit-
trees, like distinet species of the same genus, certainly differ from
each other in their constitutional adaptation to different climates.

With the varieties of many plants, the adaptation to climate is
often very close. Thus it has been proved by repeated trials “that
“ fow if any of the English varieties of wheat are adapted for culti-
 vation in Scotland ; ”* but the failure in this case is at first only
in the quantity, though ultimately in the quality, of the grain
produced. The Rev. M. J. Berkeley sowed wheat-seed from India,
and got “ the most meagre ears,” on land which would certainly
have yielded a good crop from English wheat® In these cases
varieties have been carried from a warmer to a cooler climate; in
the reverse case, as “ when wheat was imported direetly from France
“ into the West Indian Islands, it produced either wholly barren
® scikes or furnished with only two or three miserable seeds, while
“ West Indian seed by its side yielded an enormous harvest.”®
Here is another case of close adaptation to a slightly cooler climate;
a kind of wheat which in England may be used indifferently either
as a winter or summer variety, when sown under the warmer
climate of Grignan, in France, behaved exactly as if it had been a
true winter wheat.”

Botanists believe that all the varieties of maize belong to the
same epecies; and we have seen that in North America, in proceed-
ing northward, the varieties cultivated in each zone produce their

% ¢ @Gard, Chronicle,’ 1860, p. 938. p. 7.
Remarks by Editor and quotation 34 ¢ Gard. Chronicle,’ 1851, p. 398,
from Decaisne, 35 Tbid., 1862, p, 235.
3t J. de Joonghe, of Brussels, in % On the authority of Labat
*Gard, Chronicle,” 1857, p. 612, quoted in ‘Gard. Chron," 1862, p
2 (Ch, Martius, * Voyage Bot. Cites  235.
Sept, de la Norvége,” p. 26, 57 MM Edwards and Colin, “ Aanal
33 ¢ Jourpal de PAcad. Hort. de  des Se. Nat,,’ 2ud series, Bot.,, tom. v,

Gand,’ quoted in * Gard, Chron.,” 1859,  p. 22.
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flowers and ripen their seed within shorter und shorter periods. 8o
that the tall, slowly maturing southern varieiies do not succeed in
New England, and the New English varicties do not succeed in
Canada. I have not met with any statement that the southern
varieties are actually injured or killed by a degree of cold which the
northern varicties can withstand with impunity, though this is
probable; but the production of early flowering and early seeding
varieties descrves to be considered as one form of acclimatisation,
Hence it has been found possible, acconding. to Kalm, to cultivate
maize further and further northwards in Anferica. In Europe, also,
as we learn from the evidence given by Alph. de medo‘ﬁe, tho
culture of maize has extended since the end of the last century
thirty leagues north of its former boundary® On the authority of
Linnmus,” T may quote an analogous case, namely, that in Sweden
tobacco raised from home-grown seed ripens its seed a month
so:(rller and is less liable to miscarry than plants raized from foreign
seed.

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 districts.
Nevertheless the fact of the vine not having spread northward shows
that acclimatisation has made no progress during several centuries,
Thereis, however, a marked difference in the constitution of the
several varieties,—some being hardy, whilst others, like the muscat
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 those imported from Madeira
or the Canary Islands thrive admirably.

Gallesio gives a curious account of the naturalisation of the Orange
in Italy. During many centuries the swect orange was propagated
exclusively by grafts, and so often suffered from frosts, that it re-
quired protection. After the severe frost of 1709, and more especially
after that of 1763, so many trees were destroyed, that seedlings from
the sweet orange were raised, and, to the surprise of the inhabitants,
their fruit was found to be sweet. The frees thus raised were larger,
more productive, and hardier than the old kinds; and seedlings are
now continually raised. Hence Gallesio concludes that much more
was effected for the naturalisation of the orange in Italy by the
aceidental production of new kinds during a period of about sixty
years, than had been effected by grafting old varieties during many
ages.” I may add that Risso® describes some Portuguese varicties

8 ¢ Géograph, Bot.' p, 837, p. 359,
8 {Swedish Acts,’ Eng. translat., % ¢ Gard, Chronicle,” 1862, p. 235,
1738-40, vol, i. Kalm, in his ¢ Travels,” @ Gallesio, ‘Teoria della Ripro

vol. ii. p. 166, gives an analogous duzione Veg.,' 1818, p. 125; and
case with cotton-plants raised in i’tw *Traité du Citrus,’ 1811, p, 859,
Jersey from Carolina seed, 9% ¢ Eeai sur I'Hist. des Orangers,!

% De Candolie, *Géograph, Bot.,” 1813, p. 20, &.



299

of the orange 23 extremely sensitive to cold, and as much tenderer
than certain other varieties.

The peach was known to Theophrastns, 322 p.0.* According to
the antborities quoted by Dr. F. Rolle,” it was tender when first
introduced into Greece, and even in the island of Rhodes only
oceasionally bore fruit. If this be correct, the peach, in spreading
during the last two thousand years over the middle parts of Europe,
must have become much hardier. At the present day different
varieties differ much in hardiness: some French varieties will not
suceeed in England ; and near Paris, the Pavie de Bonneuil does not
ripen its fruit till very late in the season, even when grown on &
wall; “it is, therefore, only fit for a very hot southern climate.”

I will briefly give a few other cases. A variety of 2agnolia
grandifiora, raised by M. Roy, withstands a temperature several
degrees lower than that which any other variety can resist. With
camellins there is much difference in hardiness. One particular
variety of the Noisette rose withstood the severe frost of 1860 “ un-
“ touched and hale amidst a universal destruetion of other Noisettes.”
In New York the *Irish yew is quite hardy, but the common yew
% is liable to be cut down.,” T may add that there are varieties of
the sweet potato (Convolvulus batatas) which are suited for warmer,
as well as for colder, climates.”

Crar. XXIV. ACCLIMATISATION.

The plants as yet mentioned have been found capable of
resisting 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, numerous individuals remained on which the
“frost had absolutely made no kind of dmpression.” 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

# Alph. de Candolle, ‘Géograph,
Bot.," p. 882,

9 ¢Ch. Darwin’s Lehre von der
Eotstehung,” &c., 1862, s, 87,

% Decaisne, quoted in ¢ Gard. Chyo-
picle,' 1865, p. 271,

 ¥or the maguolia, se¢ Loudon's
Gard. Mag,,” vol. xiii., 1837, = 21

For camellias and roses, sce *Gard.
Chron.,’ 18650, p. 384, For the yew,
¢Journal of Hort,,’ March 8xd, 1863,
p. 174, For sweet potatoes, see Col,
von Sicbold, in ¢Gard. Chron.,” 1855,
822,
P The Editor, ¢ Gard, Chron,,” 1861,
p. 239,
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beans (Phaseolus vulgaris) in a bed were killed except about
one in thirty, which completely escaped.®” On the same day of
the month, but in the year 1864, there was a severe frost in
Kent, and two rows of scarlet-runners (P. multiflorus) in my
garden, containing 390 plants of the same age and equally
exposed, were all blackened and killed except abont a dozen
plants. In an adjoining row of “Fulmer’s dwarf bean”
(P. vulgaris), one single plant escaped. A still more severe
frost occurred four days afterwards, and of the dozen plants
which had previously escaped -only three survived; these
were not taller or more vigorous than the other young plants,
but they escaped completely, with not even the tips of their
leaves browned. It was impossible 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 seed-
lings when raised in another country. In my ‘Origin of
Species’ 1 have alluded to some cases, and I conld add many
others. Ome instance must suffice: Mr. Grigor, of Forres,®
states that seedlings of the Scotch fir (Pinus syleestris), raised
from seed from the Continent and from the forests of Scotland,
differ much. *The difference is perceptible in one-year-old,
“ and more so 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 guite unsaleable,
 while the plants from the native Scotch pine, under the
“ game treatment, and standing alongside, although consider-
“ ably shorter, are rather stouter and quite grecn, so that the
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lants, which he cultivated in

~ % Loudon's ¢ Gard. Mag.,’ vol. xii,
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“ beds of the ono can be known from the other when seer
4 from the distance of a mile.” Closely similar facts have beer
observed with seedling larches,

Hardy varietics would alone be valued or noticed in Europe
whilst tender varieties, requiring more warmth, would generally be
neglected ; but such occasionally arise. Thus Loudon ™ describes s
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
broecoli are more tender than cabbages; but thereis much difference
in this respect in the sub-varieties of the broceoli; the pink and
purple kinds are a little hardier than the white Cape broccoli,  but
“ thoy are not to be depended on after the thermometer falls below
“ 949 Fahr, ;” the Walcheren broccoli is less tender than the Cape
and there are several varieties which will stand much severer cold
than the Walcheren,” Caulifiowers seed more freely in India than
cabbages.™ To give one instance with flowers : eleven plants raised
from s hollyhock, called the Queen of the Whites,™ were found to be
much more tender than various other seedlings. It may be pre-
sumed that all tender varieties would snceeed better under a climate
warmer than ours. With fruit-trees, it is well known that certain
varieties, for instance of the h, stand forcing in a hot-house
better than others; and this shows either pliability of organisation
or some constitutional difference. The same individual cherry-tree,
when forced, has been observed during successive years gradually to
change its period of vegetation.™ Few pelargoniums can resist the
heat of & stove, but Alba Multifiora will, as a most gkilful 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
 greenhouse; and Hlanche Fleur seems as if it had been made on
“purpose for growing in winter, like many bulbs, and to rest all
“summer.” ™ There can hardly be a doubt that the dlba Multiflora
pelargoninm must have a widely different constitution from that of
most other varieties of this plant; it would probably withstand even
an equatorial climate,

We have seen that according to Labat the vine and wheat require
acclimatisation in order to succeed in the West Indies. Similar
facts have been observed at Madras ; “two parcels of mignonette-

1 ¢ Arboretum et Fruticetum.’ vol, 5 {Gardener’s Chronicle,” 1841, p,
'il.’f. 1376. 291
Mr. Robeon, in ‘Jonrnal of " Mr. Beaton, in ‘Cottage Gare
Horticulture,” 1861, p. 23. dever, March 20th, 1860, p. 877.
3 Dr. Bonavin, *Report of the  Queen Mab will also stand stove heat.
Agri.-Hort. Soc. of Oudh,’ 1866, &e * Gardener's Chronicle 1843, p

™ ¢ Cottage Gardener,” 1950, April 226,
24th, p. 57.
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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), wera
“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.”
“So 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 Hope.” ™ Mr. J. Scott of the Caleutta Botanic Gardens
informs me that seedsof the sweet-pea (Lathyrus odoratus) importcd
from England produce plants, with thick, rigid stems and small
leaves, which rarely blossom and never yield seed ; plants raised from
French seed blossom sparingly, but all the flowers are sterile: on
the other hand, plants raised from sweet-peas grown near Darjeeling
in Urp‘)cr India, but originally derived from England, can be suc-
cessfully cultivated on the plains of India; for they flower and seed
}Jrofuse!y, and their stems are lax and scandent. In some of the
oregoing cases, as Dr. Hooker has remarked to me, the greater
success may perhaps be attributed to the seeds having been more
fully ripened under a more favourable climate; but this view can
hardly be extended to so many cases, including plants, which, from
being cultivated under a climate 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 acenstomed to
a climate either hotter or colder than 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
by the parents. On the contrary, it is certain that hardy
and fender 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, either 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
Pelargoninm, or the flowers may withstand severe frost, as
with the Forelle pear. Seceondly, plants may become adup-ted
to climates widely different from their own, from flowering
and fruiting either earlier or later in the season. In both

¥ ¢Gardener’s Uhronicle,” 1841, p. 430.
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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 variety, acclimatisation may be unconsciously
effected by merely raising tender plants from seed, and by
occasionally attempting their cultivation further and further
northwards, as in the case of maize, the orange and the
peach.

How much influence ought to be attributed to inherited
habit or custom in the acelimatisation of animals and plants
is a much more difficult question. In many cases natural
gelection can hardly have failed to have come into play and
complicated the result. Tt is notorious that mountain sheep
resist severe weather and storms of snow which would destroy
lowland breeds; but then mountain sheep have been thus
exposed from time immemorial, and all delicate individuals
will have been destroyed, and the hardiest preserved. So
with the Arrindy 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
annnally 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
gheep, bred during no great number of generations at the
Cape of Good Hope—that some European plants raised
duriug only a few generations in the cooler parts of India,
withstand the hotter parts of that country much better than
the sheep or seeds imported 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 Sciy’ 2nd serics, Jan. 1865
- 106.
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in Northern Europe, are comparatively more precocious, and
need much less heat for maturing thsir fruit, than the
varieties of the same species recently brought from tropical
regions. In the reciprocal conversion of summer and winter
wheat, barley, and vetches into each other, habit produces
a marked effect in the course of a very few generations.
The same thing apparently occurs with the varieties of
maize, which, when carried from the Sonthern States of
America, or into Germany, soon became accustomed to their
new homes. With vine-plants taken to the West Indies from
Madeira, which are said to succeed betterthan plants brought
directly from France, we have some degree of acclimatisation
in the individual, independently of the production of new
varieties by seed.

The common experience of agriculturists is of some value,
and they often advise persons to be cautious in trying the
productions of one country in another. The ancient agri-
cultural writers of China recommend the preservation and
cultivation of the varieties peculiar o each country. During
the classical period, Columella wrote, * Vernaculum pecus
* peregrino longe prestantius est.” ™

I am aware that the attempt to acclimatise either animals
or plants has been called a vain chimera. No doubt the
attempt in mosf, cases deserves to be thus called, if made ine
dependently of the production of new varieties endowed with
a different constitution. With plants propaguted by buds,
habit rarely produces any effect; it apparently acts omly
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 thisappears to be the
case with the potato, which until recently was seldom mul-
tiplied by seed. With plants propagated by seed, and with
animals, there will be little or no acclimatisation unless the
hardier individnals are either intentionally or unconscionsly
preserved, The kidney-bean has often been advanced as an

™ For China, sec ‘Mémoire sur  *Journal de Physique,’ tom. xxiv,,
Jes Chinois,’ tom. xi., 1785, p. 60. 1784
Columella is quoted by Carlier, in
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instance of a plant which has not become hardier since ite
first introduection into Britain. We hear, however, on excel
lent anthority,™ 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 degree 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, =0 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 haye 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
varies with the season ; and as new varieties have often been
imported from abroad, can we feel sure that our kidney-heans
are not somewhat hardier ? T have not been able, by searching
old horticultural works, to answer this question satisfactorily.

On the whole the facts now given show that, though habit
does something towards acclimatisation, yet that the 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 indispensable for the improvement of any other
character, it is not surprising that man has done little in the
acclimatisation of domesticated animals and cultivated plants.
We need not, however, doubt that under nature new races
and new species would become adapted to widely differert
¢limates, by variation, aided by habit, and regulated ky
natural selection,

® Messrs, Hardy and Son, i * Gard. Chromie, 1856, p, 589,
VOL. I X
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Arrests of Development : Rudimentary and Aborted Organs.

Modifications of structure from arrested development, so great
or go serions as fo deserve to be called monstrosities, are nat 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 papillm. These rudiments of limbs are
gsometimes inherited, as has been observed in a dog.®

Many lesser anomalies appear to be due to arrested development.
‘What the cause of the arrest may be, we seldom know, except in
the casa of direct injury to the embryo. That the canse does not
menerally act at an extremely carly embryonic period we may infer
rom the affected organ seldom being wholly aborted,—a rudiment
being generally preserved. The external ears are represented b
mere vestiges in . Chinese broed of sheep; and in another breetf,
the tail is reduced “to a little button, suffocated in a manner, by
fat.” # TIn tailless dogs and cats a stump is left. In certain breeds of
fowls the comb and wattles are reduced to rudiments ; in the Cochin-
China breed scarcely more than rudiments of spurs exist. With
polled Suffolk cattle, “rudiments of horns can often be felt at an
“ parly 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 obgerved, namely, minute dangling horns attached to the skin
alone, and which are often shed and grow again. With hornless
goats, according to Desmarest,™ the bony protuberance which
properly supports the horn exists as a mere rudiment.

With enltivated 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 thereis a grape with mere traces of sceds, “ 50
“gmall and lying so near the stalk that they are not perceived in
« eating the grape.”** In certain varieties of the gourd, the tendrils,
according to Naudin, are represented by rudiments or by various
monstrous growths, In the broceoli and caulifiower the greater
pumber of the flowers are incapable of expansion, and include
rudimentary organs. In the Feat{:er hyacinth (Muscaré comosum)
in its natural state the fipper and central flowers are brightly
eoloured but rudimentary; under cultivation the tendency to

"t [sid. Geoffroy Snint-Hilaire, ‘Hist. 3 ¢ Eacyclop. Méthod.,” 1820, n.
Nat. des Anomalies,” 1836, tom. ii,  483: see p. 500, on the Indian zebn
p. 210, 223, 224, 3053 ¢ Philosoph. casting its horns. Similar cases ie

ransact.,” 1775, p. 313, Furopean cattle were given in th4
2 Pallas, quoted by Youatt on third chapter. ‘
Sheep, p. 25. 83 Pallay, ¢ Travels,” Eng. Translat.

8 Youatt oo Cattle, 1538, p. 174, vol. i p. 243,
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abortion travels downwards and outwards, and all the flowers
become rudimentary; but the abortive stamens and pistils are not
g0 small in the lower as in the upper flowers. In the Viburnum
opulus, on the other hand, the outer flowers naturally have their
organs of fructification in a rudimentary state, and the corolla is of
large size; under cultivation, the change spreads to the centre, and
all the flowers become affected. In tho compositm, 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 ray florets, which so often include rudimentary organs, to
those of the dise. I may add, as bearing on this subject, that with
Asters, seeds taken from the florets of the cireumference have been
found to yield the greatest number of double flowers® In the
above cases we have o natural tendency in certain parts fo be rudi-
Jnentary, and this under culture spmx{s cither to, or from, the axis
of the plant. It 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 Composite, a
tendency to the abortion of the pappus may bo tmced extendin
from the circumference to the centre of the dise as in the so-call
doubling of the flowers in the members of the same family. Thus,
according to A. de Jussien,™ the abortion is only partial in Cartha-
mus cretions, but more extended in ! lanatus ; 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
fow hairs; and lastly in C. finctorius, even the central seeds are
destitute of pappus, and the abortion is complete,

With animals and plants under domestication, whep an organ
disappears, leaving only » rudiment, the loss has generally been
sudden, 88 with hornless and tailless breeds ; and such cases may be
ranked as inherited monstrositics. But in some few casss the loss
has been gradual, and has been effected partly by selection, as
with the rudimentary combs and wattles of certain fowls, We
have also seen that the wingsof some domestieated birds have been
slightly reduced by disuse, and the great reduction of the wings
in certain silk-moths, with mere rudiments left, has probably been
aided by disuse,

With species in a state of nature, rudimentary organs are
extremely common. Such organs are generally variable, ag
soveral 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 certainly holds good with

% Mr. Beaton, in * Journal of Hor 1862, p. 233,

ticultare,’ May 21, 1861, p, 133. * ‘Annales du Muséum,’ tom, vi
* Lecoq, ‘D ls Fecondztion, p. 819,
X 2
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parts which have hacome rudimentary under domestication.
Wo do not know through 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
would ever be of service to a species in a state of nature; for
the conditions to which all organisms are closely adapted
usually change very slowly. Even if an organ did suddenly
disappear in some one individual by an arrest of development,
intercrossing with the other individuals of the same species
would tend to cause its partial reappearance; so that its
final reduction could 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 until the organism arrives ata
gomewhat 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 itg foll size in the embryo,
as we know to be the case with most rudiments. As s00n 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 nseless 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
scmewhat reduced part be effected? That this has oceurred
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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 improbable that the variations should be as great in
the direction of increase as of diminution; for its previous
reduction shows that circumstances have not been favourable
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 decrease :f:n
towards increase, will slowly but steadily lead to its diminu-
tion, With respect to the complete and ahsolute abortion of
a part, a distinet 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 recurrent struggle for existence, and the principle of
economy will not come into action, so that the reduction of
an organ will not thus be aided. So far, indeed, is this from
being the case, that in some few instances organs, which are
paturally rudimentary in the parent-species, become partially
redeveloped in the domesticated descendants. Thus cows,
like most other ruminants, properly have four active and two
rudimentary mamme; but in our domesticated animals, the
Jatter occasionally become congiderably developed and yield
milk. The atrophied mammee, which, in male domesticated
animals, including man, have in some yare cases grown to full
gize and secreted milk, 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,

# ] suggested in tNature'(vol. viii.  natural selection would, owing to
pp. 432, 505) that with organisms  intercrossing, slowly but steadily
subjected to uafavourable conditions  decrease. In lhrL:e subseqnent com-
all the parts would tend towards  munications to ‘Nature' (March 12,
reduction, and that under such cir- April 9, and J}:ly 2, 1574), Mr.
cumstnnees any part which was not Romanes gives his improved view
kept up % its standard size by
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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 or
disease of the ovaria, well developed. The stallion has
canine teeth, but the mare has only traces of the alveoli, which,
as I am informed by the eminent veterinarian Mr. G. T, Brown,
frequently contain minute irregular nodules of bone. These
nodules, however, sometimes become developed into imperfect
teeth, protruding through the gums and coated with enamel ;
and occasionally they grow to a fourth or even a third of tho
length of the canines in the stallion. With plants T do not
know whether the redevelopment of rudimentary organs
oceurs more frequently under culture than under nature.
Perhiaps 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 branches,
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CHAPTER XXYV.
LAWS OF VARIATION, continted — CORRELATED VARTABRILITY.

BEPLANATION OF TEIRM: CORRELATION—OCONNECTED WITH DEVEOLPMENT—
MODIFICATIONS CORRELATED WITH O'HE INCREASED OR DECREASED SIZE
OF PARTS—CORRELATED VARIATION OF HOMOLOGOUS PARTS—FEATHERED
PEED TN BUIDS ASSUMING THE STRUCTURE OF THE WINGS—CORRELATION
DETWEEN THE HEAD AND THE EXTREMITIES—BETWEEN THE SKIN AND
DERMAL AFPENDAGES—DBETWEEN THE ORGANS OF SIGHT AND HEARING—
CORRELATED MODIFICATIONS IN THE ORGANS OF PFLANTS—CORRELATED
MONSTROSITIES —CORRELATION BETWEEN THE SKULL AND EARS—SKULL
AND CREST OF FEATHERS-—SKULL AND HORNS—CORRELATION OF GROWTH
COMPLICATED BY THE ACCUMULATED EFFECTS OF NATURAL SELECTION—
COLOUR A8 CORRELATED WITH CONSTITUTIONAL PECULIARITIES.

Ay parts of the organisation are to a certain extent connected
together; but the connection may be so slight that it hardly
exists, as with compound animals or the buds on the same tree.
Even in the higher animals various parts are not at all
closely related; for one part may be wholly suppressed or
rendered monstrons without any other part of the body
being affected. But in some cases, when one part varies,
certain other parts always, or nearly always, simultancously
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
gtructures 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, first in one and then in another
part, until the final and perfectly co-adapted structure wauy
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acquired ; but to this subject I shall presently recur. Again,
in muny groups of animals the males alone are furnished with
weapons, or are ornamented with gay colours; and these
characters 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 ghown 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
uge; but we have no reason for supposing that the original
cause of the variation was necessarily conmected with the
reproductive organs, or with the age of the affected being.

In cases of true correlated variation, we are sometimes able
to see the nature of the connection; but in most cases it is
hidden from us, and certainly differs’in different cases. We
can seldom say which of two correlated parts first varies,
and induces a change in the other; or whether the two ara
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, varieties rarvely or never
differ from ono another by a single character alone.

Oue of the simplest cases of correlation is that a modification
which arises during an early stage of growth tends to infiu-
ence the subsequent development of the same part, as well as of
other and intimately connected parts. Igidore Geoffroy Saint-
Hilaire states! that this may constantly be observed with
monstrosities in the animal kingdom ; and Moguin-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

1 ¢ Hist. des Apomaiies,’ tom. §ii.p.  on the Morphology of tho Cephalous
892, Prof. Huxley applies the same  Mollusea, in ' Phil. Transact.,’ 1853,
principle in accounting for the re- P ""‘L ’ £
markable, though normal, differences ‘Eléments de Tératologie Vég,,

0 the arrangement of the nervous 1841, p. 13,
system in the Mollusca, in his paper
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sccompanied 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.
1t is probable that certain modifications in the larvas of
insects would aflect the structure of the mature insects. . 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 gimple case of correlgtion 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 otherwise modified. Thus pigeon-fanciers have
gone on selecting pouters for length of body, and we have
seen that their vertebre are generally increased not only in
gize but in number, and their ribs in breadth. Tumblers have
been gelected 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 feathers, and the caudal vertebre are increased in
size and number. Carriers have been selected for length ot
beak, and their tongues have become longer, but not in strict
accordance with the length of beak. In this latter breed and
in others having large feet, the number of the seutellw on the
toes is greater than in the breeds with small feet. Many
similar cases conld be given. In' Germany it has been
ohserved that the period of gestation islonger in large than
in small breeds of cattle. With our highly-improvea
breeds of all kinds, the periods of maturity and of repro-
duction have advanced with respect to the age of the
animal; and, in correspondence with this, the tecth 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.?

3 Prof, J. B. Simonds, on the Age of the Ox, Sheep, &e., quoted in ‘Gard.
Chronicle,’ 1854, p, 588,
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Oorrelated Variation of Homologous Parts.—Parts which are
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 orly cne
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 ses in the 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 Anfirrhinum or snapdragon, or
that variety of the kidney-bean (Phaseolus) which has a
white standard-petal.

In the Vertebrata the front and hind limbs are homologous,
and they tend to vary in the same manner, as we sce in long
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 extremi-
ties. Meckel has insisted °® that, when the muscles of the arm
depart in number or arrangement from their proper type, they
almost always imitate those of the leg; and so conversely the
varying muscles of the leg imitate the normal muscles of the
arm.

In several distinct 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 outside of the leg and generally from the two outer toes,
have, nccording to the excellent authority of Mr, Howitt,*

* ¢ Hist, A lies,! tom. i p.  tom, i. p. G35.
Hist, des Anomalies,” to P " ¢The Poultry Book, by W, B

674. nltr
* Quoted by Isid. Geoffroy, ibid.,  Tegetmeicr, 1868, p. 250,
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been 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
gocond is rudimentary and carries the so-called * bastard-
wing ;” whilst the third and fourth 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
oxterior 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
homologous parts we can understand the curious connection
of foathered 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 a greyhound and mastiff. What a monster a greyhound
would appear with the head of a mastiff! The modern
bulldog, however, has fine limbs, but this is a recently-selected
character. From the measurements given in the sixth

T Naturalists differ with respect  wLyceum of Nat. Hist., of New York?
to the homologies of the digits of  vol. x, 1872, p, 16.
birds; but several nphold the view * A, Walker on Intermarriage,
above advanced, S on this subject 2838, p. 160.
Dr. E. S. Morse in ‘Annals «f the
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chapter, we see that in several breeds of the pigeon the length
of the beak and the size of the feet are correlated. The view
which, as before explained, scems 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 sgkin 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
the head and the extremities. Thus with horses a large white
gtar 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 feef. In black
and tan dogs of different breeds, tan-coloured spots over the
oyes and tan-coloured feet almost invariably go together,
These latter cases of connected colouring may be due either
to reversion or to analogons variation,—subjects to which ¥
shall hereafter return,—but this does not necessarily determine
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 conspicnously
marked with white on the front of the neck or chest.

3 ¢The Farrier and Naturalist,! methat about three-fonrths of white
vol. i., 1828, p. 458. A gentleman  faced horses have white Ings,
whe his attended to this point, tells
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The lopping forwards and downwards of the immense 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 during 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
game priuoiplo that the skull of a human infant is easily
modified by pressure.

The skin and the appendages of hair, feathers, hoofs, horns,
and teeth, are homologous over the whole body. Every one
knows that the colour of the skin and that of the hair usually
vary together; so that Virgil advises the shepherd to look
whether the mouth and tongue of the ram are black, lest the
lambs should not be purely white. The colour of the skin
and hair, and the odour emitted by the glands of the skin,
are said'® to be connected, even in the same race of men.
Generally the hair varies in the same way all over the body
in length, fineness, and curliness. The same rule holds good
with feathers, as we see with the laced and frizzled breeds
both of fowls and pigeons. In the common cock the feathers
on the neck and loins are always of a particular shape, called
hackles: now in the Polish breed, both sexes are characterised
by a tuft of feathers on *he 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 gencrally have long or short tails. The case
of the Jacobin-pigeon is more curious, for the wing and tail
feathers are remarkably long; and this apparently has arisen

1 Godron, ¢ Sur I'Espce, 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
Eorses of various colours are often born with their hair curled
and twisted like that on the head of anegro. This peculiarity
is strongly inherited. But what is remarkable is that the
hoofs of these horses “are absolutely like those of a mule.”
The hair also of 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, Younatt!? 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 fleece, had peculiarly
shaped horns. The inhabitants of Angora assert ' that ¢ only
“ the white goats which have horns wear the fleece in the
“long curly locks that are so much admired ; those which
“ are not 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
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1 {Quadrupades do  Paraguay)’

apt to vary together.” Dr. Wilckens
tom. ii. p. 333,

(“Darwin’s  Theorie,” {Jahrbuch

2 On Sheep, p. 142.

13 ¢ Ugher Racen, Krenzungen,’ &c.,
1825, «. 24,

' Quoted from Conoliy, in ¢The
Indian Field," Feb. 1859, vol. il p.
266,

'* In the third chapter [ have said
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think, be trasted. S
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tends to increase the growth of the hair, as is well shown in
the abnormal growth of hair near old inflamed snrfaces.
Now, Professor Low 1% is convinced that with the different
races of Dritish cattle thick skin and long hair depend on
the humidity of the <limate which they inhabit. We car
thus see how a humid climate might act on the horns—in the
first place directly on the skin and hair, and secondly by
correlation on the horns. The presence or absence of horns,
moreover, both in the case of sheep and cattle, acts, as will
presently be shown, by some sort of correlation on the skull.
With respect to hair and teeth, Mr. Yarrell!” found many
of the teeth deficient in three hairless « Egyptian dogs,” and
in a hairless terrier. The incisors, canines, and the premolars
guffered most, but in one case all the teeth, except the large
tubercular molar on each side, were deficient. With man
geveral striking cases have been recorded '* of inherited bald-
ness with inherited deficiency, either complete or partial, of
the teeth, I may give an analogous case, communicated to me
by Mr. W. Wedderburn, of a Hindoo family in Scinde, in which
ten 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
excossive dryness of the skin. It is remarkable that no
snstance has occurred of a daughter being thus aflected ; and
this fact reminds us how much more liable men are in England
to become bald than women. Though the daughters in the
ahove family are never affected, they transmit the tendeney
to their sons ; and no case has occurred of a son transmitting
it to his sons. The affection thus appears only in alternate
or after longer intervals. There is a similar con-

generations, 1 )
hair and teeth, according to Mr. Sedgwick,

nection between

16+ Domesticated Animals of ths T« Proceedings Zoolog, Soc.,’ 1833

iti ds” pp. 507,368, Dr. p 113, ) .
{‘Vri?f:?nlhl::gl?ﬂ p(r‘,l-"nd“‘i"h- Wo- 1 Sedgwick, ¢ Brit. and Furcig‘

chenblatt? Nr. 10, 1869) to the same Med_ico-Chirurg. Review," April, 1863,
effect with re<pect to domestic animals  p. 453,
i Germany,
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in those rare cases in which the hair has been renewed in old
age, for this has “usually been accompanied by a renewal of
the teeth.” I heveremarked in a former part of this volume
that the great reduction in the size of the tusks in domestic
boars probably stands in close relation with their diminished
bristles, due to a certain amonnt 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®
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
¢ ywith 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 2° saw at
the Burmese Court a man, thirty years old, with his wholo
body, except the hands and feet, covered with straight silky
hair, which on the shoulders and spine was five inches in
length. At birth the ears alone were covered. He did not
arrive at puberty, or shed his milk teeth, until twenty years
old; and at this period he acquired five teeth in the upper jaw,
namely, fourincisors 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
bribed a man to marry her, and of her two children, one, a
boy fourteen months old, had hair growing out of his ears,
with a beard and moustache. This strange peculiarity has,
therefore, been inherited for three generations, with the

1% ¢ Gard, Chronicle,” 1840, p. 205. ¢ Narzative of a Mission to the

% ¢ Eimbassy to the Court of Ava,’  Court of Ava in 1855, p. 94,
vol. L. p. 520.
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molar tecth deficient in the grandfather and mother; whether
these tecth 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 three 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 livés of a
Russian peasant and of a native of Burmah are as different
as possible,”?

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 masculine beard and a
hairy forehead ; she was photographed, and her stuffed skin
was exhibited as a show; but what concerns us is, that she
had in both the upper and lower jaw an irregular double set
of teeth, one row being placed within the other, of which Dr.
Purland fook 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 teeth.

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
affocted in conjunction. Mr. White Cowper says * that in all
“ cases of double microphthalmia brought under his notice he

23 | gwe to the kindness of M.  both of whom have since been os.
Chauman, of St. Potersbnrg, excellent  hibited in Paris and London.

photographs of this man and his son,
VoL, I, y
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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 <f whom
weré born blind; of these children, five ** with dark hair
« and brown iris were afilicted with amaurcsis; 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 Liebreich states that out of 241
deaf-mutes in Berlin, no less than fourteen suffered from the
rare disease called pigmentary retinitis, Mr. White Cowper
and Dr. Earle have remarked that inability to distinguish
different colours, or colour-blindness, “ is often associated
« with a corresponding inability to distinguish musical
« sounds.” **

Here is a more curious case: white cats, if they have blue
eyes, are almost always deaf. I formerly thought that the
rule was invariable, but I have heard of a few authentic ex-
coptions. 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
« prodnced at one and the same birth, such as, like the mother
« wero entirely white (with blue eyes) were, like her, invari
¢ ably deaf; while those that had 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 seen more than a dozen instances of this correlation in
English, Persian, and Danish cats ; but he adds * that, if one
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2 These statements are taken in cats. Mr. Lawson Tait states

from Mr. Sedgwick, in the ¢ Medico-
Chirurg. Review,’ July, 1261, p.
198 April, 1843, pf. 455 and 458.
Liebreich is quoted by Professor
Devay, in his ‘Mariages Consan-
guins,” 1862, p. 116,

% Loudon's ‘Mag. of Nat. Hist.,’
vol. 1., 1829, pp. 65, 178. Ser also
Dr. P, Lucas, * L'Héréd. Nat,,” tom. i,
0. 428, on the inhentance of deafvess

(‘ Nature,' 1873, p. 323) that only
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“ gye, as I have several 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 simultaneously
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; I have made a great clanging noise with a poker and
shovel close to their heads, both when they were asleep and
awake, without producing any effect. The trial must not
be made by shouting close to their ears, for they are, even
when asleep, extremely sensitive to a breath of air. Now, us
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 wonld
remain permanontly blue and the ears would be incapable of
peroeiving gound ; and we should thus understand this curious
case. As, however, the colour of the fur is determined long
before birth, and as the blueness of the eyes and the whiteness
of the fur are obviously connected, we must believe that some
ts 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

istils are all homologous. In double flowers we see that
EZ stamens and pistils vary in the same manner, and assume
the form and colonr of the pet.?ls. In the double columbine
(dquilegia pulgaris), the successive whorls of stamens are eon-
5 ¢ Anpales des Sc. Nat.! Zoolog., Srd series, 1847, tom. viil. p. 230,
X 2

primary cause ac
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verted into cornucopias, whichare enclosed within one another
and resemble the true petals. In hose-in-hose flowers the
sepals mock the petals. Insome 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 varieties
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 curious 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 pellicle round the kernel are all
coloured purple.®® Pomologists can predict to a certain extent,
from the size and appearance of the leaves of their seedlings,
the probable nature of the fruit; for, as Van Mons remarks*?
variations in the leaves are gemerally accompanied by some
modification in the flower, and consequently 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,
Mr. G. Maw informs me that all the varieties of the scarlet
Pelargoniums which have contracted or imperfect leaves have
contracted flowers: the difference between “ Brilliant” and
its parent “ Tom Thumb” is a good instance of this. It may
be suspected that the curious case described by Risso*® of a
variety of the Orange which produces on the young shoots
rounded leaves with winged petioles, and afterwards elongated
leaves on long but wingless petioles, is connected with the

2 ¢Ravne des Cours Scientifiques,”  stances, ¢ Des Variétds,’ 1865, p, 72,

June 5, 1869, p, 430. 3 ¢ Arbres Fruitiers," 1836, tom, i,
" ¢ Gardener's Chron.,” 1864, p. pp;o‘.’(‘)-i, 226 A
1202 Annades du Muséum,' tom, xy,

™ Verlot gives several other in-  p. 188
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remarkable change in form and nature which the fruit nnder-
goes during its development.

In the following 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,* “ I noticed, during the year 1842, that every
« Dahlia of which the colour had any tendency to scarlet,
« was deeply notched—indeed, to so great an extent as to
“ give the petals the appearance of a saw ; the indentures
« yere, in some instances, more than a quarter of an inch
“ deep.” Again, Dahlias which have their petals tipped
with a different colour from the rest of the flower are very
inconstant, and during certain years some, or even all the
flowers, become nniformly 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,

Tn 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
« gexistent rarement entr'elles, d’autres fréquemment, d’autres
« enfin presque oonsta-m'ment, malgré la différence trés-grande
« do leur nature, et quoiqu’elles puissent paraitre complétement
« {ndépendantes les' unes des autres.”  We seo something
analogous in certain diseases: thus in a rare affection of the
T capsules (of which th.e functl?ns are unknown), the
ckin becomes bronzed ; and in he_mdxtary syphilis, as I hear
from Sir J. Paget, both the milk and the second teeth

r and characteristic form. Professor Rol-

assume a peculia isti
leston, also, informs me that the incisor teeth are sometimes
3 s

1843, p. p. 402, Seealso M, Camille Dareste,
* Recherches sur les Conditions,’ & X
1863, pp. 16, 48, g

3 ¢ QGardener's Chron.,’

B77.
32 Thid,, 1845,

,pe 102
s & Hist, des fnonmllei. tom, iii,
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furnished with a wvascular 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. Tegetmeier,
that young pigeons of all breeds, which when mature have
white, yellow, silver-blue, or dun-coloured plumage, come out
of the egg almost naked; whereas pigeons of other colours
when first born are clothed with plenty of down? White
Pea-fowls, as has been observed both in England and France,*
and as T 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 their 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 hones 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 geeso
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. 8. Dixon, ‘Ornamental  Geoffroy, ‘Hist, Apomalies,” tom, i
Poultry,’ 1848, p, 111; Isidore p. 21L
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with Polish fowls the tuft of feathers was probably at first
gmall; by continued selection it became larger, and then
rested on a fibrous mass; and finally, as it became still
larger, the skull itself became more and more protuberant
until it acquired its present extraordinary structure. Throngh
correlation with the protuberance of the skull, the shape
and evén 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 bones, and the
direction of the bony cavity of the ear, have all been
modified. The internal configuration of the skull and the
whole shape of the brain have likewise been alteredyin a
{ruly marvellous manner.

After this case of the Polish fowl it would be superfluous
to do more than refer to the details previously given on the .
manner in which the changed form of the comb 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 diminished in breadth towards the
« poll;” and the cavities between the bony plates ** are not so
¢ deep, nor do they extend beyond the frontals.”*

It may be well here to panse and obscrve how the effects of
correlated variability, of the incréased use of parts, and of the
accumulation of so-called spontaneous variations through
natural selection, are in many cases inextricably commingled.
We may borrow an illustration from Mr. Herbert Spencer, who
remarks that, when the Irish elk acquired its gigantic horns,
weighing ahove one hundred pounds, numerous co-ordinated
changes of structure would have been indispensable,—namely,
a thickened skull to carry the horns; strengthened cervical

35 ¢ Op the Breeding of Domestic Animals,’ 1829, p. 6,
» Youste on Cattle, 1834, p, 283,
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vertebras, with strengthened ligamentis; enlarged dorsal
vertabre to support the neck, with powerful forelegs 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, theso
same qualities, wonld occasionally intercross with one another,
or with other individuals varying in some favourable manner;
and of their offspring, those which were 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 twentieth chapter, by
which our race and dray horses have arrived at their present
state of excellence; if we could view the whole series of
intermediate forms between one of these animals and an early
unimproved progenitor, we should behold a vast nmmber 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 cuse for fleetnessand
in the other for dranght.

Although natural selection would thus *7 tend to give to

3 Mr, Herbert Spencer (‘ Principles  © faculties multi;jl.v, and ns fast as
of Biology,’ 1864, vol. i. pp. 452, * the number of orgaus that co-
448) takes a different view; and in one  “ operate in any given function

place remarks: “ Wo have seen reason ¢ increases, indirect equilibration
“to think that, as fust as essentinl  ** 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
each other throngh the principle of correlation. Lastly, the
growth and subsequent wear and tear of the angmented
muscles and bones would require un increased supply of
blood, and consequently increased supply 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 complexions and constitution ; and I find that some
of tho best authorities believe in this to the present day.’®
I'hus Dr. Beddoe by his 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

4 Jess nnd less capable of producing
 gpacific adaptations; and remains
“ fully capable oply of maintaining
% the general fitness of constitution
#ts conditions.” This view that
natural selection can do little in
modifying the higher nnl’mnls sur-
rises me, seemng that min’s selection

undoubtedly effected much with

our domesticated quadrupeds and
birds.

3 Dr. Prosper Lucas apparently
disbelieves in any such connectionj
¢ [’Héréd, Nat.,’ tom. ii. pp. 8894,

3 ¢ British Medical Journal,’ 1862,
p-433. . .

® Boudin, “Geograph., Mdédicale,’
tom. i, p. 406,
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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 differences in
colour are corralated with constitutional differences, as shown
by greater or less immunity from certain diseases, 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 kiyds are far
more affected by a certain disease than green or yellow-fruited
varietics. On the other hand, yellow-fleshed peaches of
various kinds suffer from another disease much more than the
white-fleshed varieties. In the Mauritius 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 suffered 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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tinetoria. According to Spinola 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 is quite innocuous to black pigs. According to two
accounts, the Hypericum erispum 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 werehoneydewed, 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 (Zthusa cynapium) they are gometimes violently
purged ; and this plant * has a peculiar effect on the nuse
« and lips, causing deep cracks and ulcers, particularly on
« horses with white muzzles.”#*  With cattle, independently
of the action of any poison, cases have been published by
Youatt and Erdt of cutaneous discases with much consti-
tutional disturbance (in one instance after exposure tc 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.* s

eating' buckwhont ;3 whilst black or

41 This fact and the following cases,
dark-woolled individuals are not in

when not stated to the contrary, are
taken from a very curious paper by
Prof, Heusinger, in ¢ Wochenschritt
fr Heilkunde, May, 1846, s. 277
Settegast (‘ Die Thieraucht,’ 1868, p.
§9) says that white or white-r:poued
sheep suffer like pige, or tven die from

the least affected. :
< Mr, Mogford, in the *Veteri-
parian,” quoted in *The Field,’ Jan
92, 1861, p. 545.
4 ¢Edinburgh Veterinary Jouraal,
Oct. 1860, p. 347.
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We thus see 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, vegetable poisons
caused fever, swelling of the head, as well as other symptoms,
and even death, to all the white, or white-spotted animals.
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CHAPTER XXVI.
LAWS OF VARIATION, continued —SUMMARY.

FHE FUSION OF HOMOLOGOUS PARTS—THE VARIABILITY OF MULT-PLE AND
HOMOLOGOUS FARTS——COMPENSATION OF GROWTH~—MECHANICAL FPRESSURE
—=RELATIVE POSITION OF FLOWERS WITH RESPECT TO THE AXIS, AND OF
SEEDS 1IN THE OVARY, AB INDUCING VARIATION~—ANALOGOUS OR PARALLEL
VARIETIES—SUMMARY OF THE THREE LAST CHAPTERS.

The Fusion of Homologous Parts.—Geoffroy Saint-Hilaire
formerly propounded what he called la loi de Uaffinité de soi
pour soi, which has been ‘discussed and illustrated by his son,
Isidore, with respect to monsters in the animal kingdom,!
and by Moquin-Tandon, with respect to monstrous plants,
This law scems to imply that homologous parts actually
attract one another and then unite. No doubt there are
many wonderful 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
junction appears as if it had sought out its fellow, and had be-
comeo completely fused with it. Lerebounllet,® who carefully
studied the development of double monsters in fishes, observed
in fifteen instances the steps by which two heads gradually
became nnited into one. In all such cases it is now thought
by the greater number of capable judges that the homolo-
gous parts do mot attract each other, but that in the words
of Mr. Lowne:® “ As union takes place before the differentia-
! ¢ Hist, des Anomalies,’ 1832, tom, 3 Catalogne of the Teratologieas
i pp. 22, 537-556 ; tom, iii, p. 462 Serjes in the Museum of the R. Coll
2+ Comptes Rendus,” 1855, pp. 855,  of Surgeons,’ 1872, p. xvi.
1029,



334 LAWS OF VARIATION, Cuar. XXV

“ tion of distinct 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
soi pour soi, but concludes by saying, “ On se rend parfaitement
¢ compte de la formation des monstres, si I'on admet que les
“ embryons qui se soudent appartiennent 4 un méme wuf;
 qu'ils s'unissent en méme temps qu'ils se forment, et que la
“ soudure ne se produit que pendant la premiére période de la
* vie embryonnaire, celle ou les organes ne sont encore con-
« gtitués 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 life 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 Moguin-
Tandon® gives a long list of cases, showing how frequently
homologous parts, such asleaves, petals, stamens, and pistils,
flowers, and aggregates of homologons 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 vertebrm
or teeth, the rays in the fins of fishes, or the feathers in
the tails of birds, or petals, stamens, pistils, or seeds, 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,

4 ¢ Archives de Zoolog. Expér.,’ Jan., ® ¢Hist. des Anomalies,” tom. iii,
I874, p. 78. PP 4, 5, G.
¥ ¢Tératologie Vig.,' 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 natural species, was propounded by Goethe 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 incrcased
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,
gome such cases. Moquin-Tandon describes a monstrous bean,’
in which the stipules were enormously developed, and the
leaflets apparently in consequence completely 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 varietics of Raphanus sativus
which have small roats 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

1 (Teratologie Vég.,’ p. 156. See 1875, p. 202. :
also my book on ¢ The Movements and 8 iMémoires du Muséum,’ %c.,
Habits of Climbing Plants,’ 2nd edit,  tom. viii p. 178
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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 endeavonred to show in
the eighteenth chapter that with many: cultivated plants
unnatural treatment checks the full and proper action of the
reproductive organs, and they are thus rendered more or less
sterile ; consequently, in the way of compensation, the fruit
becomes greatly enlarged, and, in double flowers, the petals
are greatly increased in number,

With animals, it has been found difficult to produce cows
which 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 gize;
though there are exceptions to this rule. Perhaps the entire
absence of the oil-gland in fantail pigeons may be connceted
with the great development of their tails.

Mechanical Pressure as a Cause of Modifications.—In some
few cases there is reason to believe that mere mechanical
pressure has affected certain structures. Vrolik and Weber®
maintain that the shape of the human head is influenced by
the ghape 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 snakes, the viscera are curiously displaced, in comparison
with their position in other vertebrates; and this has begn
attributed by some authors to the elongation of their bodies ;
but here, as in so many previous cases, it is impossible to
disenfangle 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 flawers in Corydalis, is
cansed by the buds at a very early perod of growth whilst
undergronnd 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

" Prichard, ¢ Phys, Hist. of Man-  series, tom, xix. p. 327,
kind,’ 1851, vol. i. p. 524, I ¢Comptes Rendus,” Dsc, 1864, p
10 ¢ Armales des Se, Nat,' 1s8 103D,
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interior and exterior florets in certain Compositous and
Jubelliferous 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: I. Miller? has shown that in
shortfaced races of the dog some of the molar teeth 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 Axis, and of Seeds
in the Ovary, as inducing Variation.

In the thirteenth chapter various peloric flowers were describedd,
and their production was shown to be due either to arrested
development, or to reversion to a primordial condition. Moquin-
Tandon has remarked that the flowers which stand on the summit
of the main stem or of a lateral branch are more liable to become

loric than those on the sides;”® and he adduces, amongst other
mstances, that of Tewerium campanulatum. 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 pelorie, and when this oceurs 1 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
varieties flowering at the same time, in every one of which the
central flower was peloric. Oceasionally more than one flower in
the truss is peloric, and then of course the additional ones must be
lateral. These flowers are interesting as showing how the whole
structure is correlated. In the common Pelargonium the upper
sepal is produced into a neetary 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 colour; the
stamens are graduated in length and upturned. In the pelorie

12 & ober fotale Rachites,” ¢ Wiirz- 13 i Tératologe Vég.” p. 102,
burger Meadicin. Zeitschnft,” 1860, B. 1 <Journsl of Horticulture,” July
i & 260 2nd, 1881 = 233,

VoL. II. Z
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flowers, the nectary aborts; all the petals become alike both 1n shape
and colour; the stamens are generally reduced in number and
become straight, so that the whole flower resembles that of the
allied genus Erodium. The correlation between these changes is
well shown when one of the two upper petals alone loses its dark
mark, for in this case the nectary does not entirely abort, but is
usually much reduced in length.!®

Morren has described ** a marvellous flask-shaped flower of the
Calceolaria, nearly four inches in length, which was almost completely
peloric; it grew on the summit of the plant, with a normal flower
on each side; Prof. Westwood also has described ¥ three similar
Beloric flowers, which all occupied a central position on the flower-

ranches. In the Orchideous genus, Phalmnopsis, the terminal
flower has been seen to bechme peloric.

In a Laburnum-tree I observed that about a fourth part of the
racemes produced terminal flowers which had lost their papilionaceous
structure. These were produced after almost all the other flowers
on the same racemes lad withered. The most perfectly pelorised
examples had six petals, each marked with black strim 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 pelorisin
in the laburnum which have been recorded. Dutrochet remarks
that the racemes on this tree do not properly produce a terminal
flower, =0 that (as in the case of the Galeobdolon) their position as
well ag structure are both anomalies, which no doubt are in some
manner related. Dr. Masters has briefly described another leguminous

lant,”® namely, a 5?ecies of clover, in which the uppermostand central
owers were regular or had lost their papilionaceous structure.
In some of these plants the flower-heads were also proliferous.

Lastly, Linaria produces two kinds of peloric flowers, one having
simple petals, and the other having them all spurred. The two
forms, as Naudin remarks, not rarely occur on the same plant, but
in this case the spuired form almost invariably gtands onsthe
summit of the spike,

The tendency in the terminal or central flower to become peloric
mere frequently than the other flowers, probably results from “ the
“ bud which stands on the end of a shoot receiving the most sap;
“it grows out into a stronger shoot than those situated lower
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15 It would be worth trial to fer-
tilise with the same pollen the contral
and lateral flowers of the polargo-
nium, or of other highly cultivated
Flnnls, protecting them of course
rom insects: then to sow the seed
soparately, snd observe whether the
one or the other lot of seedlings
varied the most,

16 Qunted in “Journal of Horti-

culture,’ Feb, 24, 1863, p. 152,

17 ¢ Gardener's 'Chronicle,” 1866, r
612. For the Phalanopsis, see ibid..
1867, p. 211.

1% Mémoires o .
1837, tom. ii. p. 170,

15 ¢ Journal of Horticulture,” July
23, 1861, p. 31l

# ¢« Nouvelles Archives du Muséum,’
tom, i. p. 137,

des  Vigétaux,
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“down."® T have discussed the connection between pelorism and
a central position, partly because some few plants are known nor-
mally to produce a terminal flower different in structure from
the lateral ones; but chiefly on account of the following case, in
which we see a terdency to variability or to reversion connected
with the same position. A great judge of Auriculas® states that
when one throws up a gide bloom it is pretty sure to keep its
character; but that if it grows from the eentre or heart of the
plant, whatever the colour of the edging onght to be, “it is just as
“ likely to come in any other class as in the one to which it properly
“ belongs.” This is so notorious a fact, that some florists regularly
pinch off the central trusses of flowers. Whether in the highly
improved varieties the departure of the central trusses from their
proper type is due to reversion, I do not know. Mr. Dombrain
insists that, whatever may be the commonest kind of imperfection
in each variety, this is gem‘rall{; exaggerated in the central truss.
Thus one variety “sometimes has the fanlt of producing a little
“ green floret in the centre of the flower,” and in central blooms these
become excessive in size. In some central blooms, sent to me by
Mr. Dombrain, all the organs of the flower were rudimentary in
structure, of minute size, and of a green colour, so that by a little
further cimnge all would have been converted into small leaves,
In this case we clearly see a tendency to prolification—a term which
I may explain, for those who have never attended to botany, to mean
the uction of a branch or flower, or head of flowers, out of
« another flower. Now Dr. Masfere® states that the central or upper-
most flower on a plant is generally the most liable to 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 connected together, and are due
either toarrested development, or to reversion to a former condition.
The following is a more interesting case; Metzger ® cultivated in
Germany several kinds of maize brought from the hotter parts of
America, and he found, as previously described, that in two or three
generations the grains became greatly changed in form, size, and
colour; and with respect to two races he expressly states that in
the first generation, whilst the lower grains on each head retained
their proper character, the uppermost grains already began to assume
that character which in the third generation all the grains acquired.
As we do not know the aboriginal parent of the maize, we cannot
tell whether these changes are in any way connected with reversion.
In the two following cases, reversion comes into play and is de-
termined by the position of the seed in the capsule. The Blue Imperial
pea is the offspring of the Blue Prussian, and has larger seed and

A

2 Hugo von Mohl, ‘The Vegetabla 1862, April 29th, p. 83,

Cell,’ Eng. tr., 1852, p. 76. # ‘Transact. Linn. Soc.,’ vol. xxiii,,
#2 The Rev. H. H. Dombrain, in !Bﬁl,lv. 360
Journal of Horticulture,' 1861, June # 4 Die Getreidearten,” 1845, 5, 208,

4th, p. 174; and June 25th, p. 204; 209,
z2
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broader pods than its pavent. Now Mr. Masters, of Canterbury, a
carefal observer and a raiser of new varieties of the pes, 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; and if these small peas are carefully collected and
“sown separately, very many more, in proportion, will revert to
“their origin, than those taken from the other parts of the pod.”
Again, M, Chaté * says that in raising scedling stocks he succeeds
in getting eighty per cent. to bear dounble flowers, by leaving only
a few of the secondary branches to seed; but in addition to this
“at the fime of extracting the seeds, the upper portion of the

“jis separated and placed aside, because it has been ascertained
“that the plants coming from the seeds situated in this portion of
“the pod, give eighty per cent. of single flowers.” Now the pro-
duction of single-flowering plants from the seed 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 interesting mapner how small a difference—
namely, a little greater or less freedom in the flow of sap towards
one part of the plant—determines important changes of structure,

Analogous or Parallel Variation— By this term 1 mean
that similar characters occasionally make their appearance
in the several varieties or races descended from the same
species, and more rarely in the offspring of widely distinet”
species. We are here concerned, not as hitherto with the
canges 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
possessed by a more or less remoto progenitor. But these
two main divisions can often be separated only conjec-
turally, and graduate, as wo shall presently sece, into each
other.

Under the first head of analogons variations, not due 4o reversion,

we have the many cases of trees belonging to quite different orders
which have produced pendulous and fastigate varieties, The beech,

3 ¢Girdener’s Chrunicle,” 1850, p.  Quoted in  Gardener's Chuon.,
198, 1866, p. 74
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hazel, and barberry have given rise to purple-leaved varieties: and,
&s Bernhardi remarks,” a multitude of plants, as disticet as possible,
have yielded varieties with deeply-cut or laciniated leaves. Varieties
descended from three distinet 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 parallelism in the fruit being white,
red, or yellow fleshed—in being clingstones or freestones—in the
flowers being large or small—in the leaves being serrated or crenated,
furnished with globose or reniform glands, or quite destitute of
glauds‘ It should be remarked that each variety of the nectarine
as not derived its character from a corresponding variety of the
h. The several varieties also of a closely allied genus, namely
he apricot, differ from one another in nearly the same parallel
manner. There is no reason to believe that any of these varietios
haye mercly reacquired long-lost characters; and in most of them
thizs certainly is not the case,

Three species of Cucurbita have yiclded a multitnde of races
which correspond o closely in character that, as Naudin insists,
they may be arranged in almost strictly parallel 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 variety has fruit so like, both externally and internally,
the fruit of a perfectly distinet species, namely, the cucumber, as
hardly to be distinguished from it; another has long cylindrical
fruit twisting about like a serpent ; in another the seeds adhere to
portions of the pulp; in another the fruit, when ripe, suddenly
cracks and falls into pieces; and all these highly remarkable
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 constitution from an ecarly progenitor, Our cereal and many
other plants offer similar cases,

WitL animals we have fewer cases of anslogous variation, inde-

dently of direct reversion. We see something of the kind
in the resemblance between the shorf-muzzled races of the dog,
such as the pug and bull-dog; in feather-footed races of the fowl,
pigeon, and canary-bird ; in horses of the most different races pro-
senting the same range of colour; in all black-and-tan dogs having
tan-coloured eye-spots and feet, but in this latter case reversion
may possibly have played a part. Low has remarked * that several
breed':lof cattle are  sheeted,”-—that is, have a broad band of white

ing round their bodies like a shect; this charascier is strongly
inherited, and sometimes originates from a cross; it may be the
first step in reversion to an early type, for, a5 was shown in the

87 4 Ueber dan Begriff der Pllanzen- * ¢ Domesticated Animaly,’ 1845,
art,’ 1854, 5 24, p. 351,
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third chapter, white cattle with dark ears, dark feet and tip of tail,
formerly existed, and now exist in feral or semi-feral congition in
several quarters of the world.

Under our second main division, namely, of analogons variations
due to reversion, the best cases are afforded by pigeons. In all the
most distinet breeds, sub-varieties oceasionally appear coloured
exactly like the parent rock-pigeon, with black wing-bars, white
loins, banded tail, &c.; and no one can doubt that these characters
are due to reversion. So with minor details; turbits properly have
white tails, but occasionally a bird is born with a dark-colonred and
banded tail; pouters properly have their primary wing-feathers
white, but not rarely a * sword-flighted ” bird appears, that is, one
with the few first primaries dark-coloured; and in these cases we
huve characters proper to the rock-pigeon, but new to the breed,
evidently appearing from reversion.. In some domestic varicties
the wing-bars, instead of being simply black, as in the rock-pigeon,
are beautifally edged with different zones of colounr, and they then
present a striking analogy with the wing-bars in certain natural
species of the same family, such as Phaps chaleoptera; and this
way probably be accounted for by all tﬁe species of the family
being descended from the same remote progenitor and having a ten-
dency to vary in the same manner. Thus, also, we can perha
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., . torquatriz and palumbus),
display singnlar vagaries in this respect. In other cases a race,
instead of imitating a distinct species, resembles some other race;
thus, certain runts tremble and slightly elevate their tails, like fan-
tails ; and turbits inflate the upper part of their cezophagus, like
pouter-pigeons.

It is a common circumstance to find certain coloured marks per-
sistently characterising all the species of a genus, but differing much
in tint ; and the same thing oceurs with the varieties of the pigeon :
thus, instead of the general plumage being blue, with the wing-bars
black, there are snow-white varieties with red bars, and black varie-
ties with white bars; inother varictics the wing-bars, as we have
seen, are elegantly zoted with different tints, The Spot pigeon is
characterised by the whole plumage being white, excepting a spot
on the forehead and the tail; but these parts may be red, yellow, or
black. In the rock-pigeon and in-many varieties the tail is blue,
with the outer edges of the outer feathers white; but in the sul-
variety of the monk-pigeon we have a reversed style of coloration,
for the tail is white, except the outer edges of the outer feathers,
which are black.®

With some species of birds, for instance with gulls, certain
coloured parts appear as if almost washed ont, and I have observed
exactly the same appearance in the terminal dark tail-bar in certain

# Pechsteln, * Nasurgeschichte Doutschlands,” Band iv,, 1795, 5, 81,
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pigeons, and in the whole plumage of certain varieties 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
no 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 §uspcct.tlmt reversion to some extremely remote form has
come into action.

Several breeds of the fowl have cither spangled or pencilled
feathers; and these cannot be derived from the parent-speeies, the
Gallus bankiva ; 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 omestie breeds
of the fowl lhave nequired this kind of plumage from all the
members of the family inheriting a tendency to varyin 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 case, 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 lezs of the domestic ass is due to reversion; butthis will not
account for the lower end of the shonlder-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
Jegs, 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-
head, or irregularly branched in other parts, it wonld be rash to
attribute such diversified characters to the reappearance of those
proper to the aboriginal wild horse. As three African species of
the genus 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 reappearance of 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 analogous variation at con:
siderable length, because it is well known that the varieties
of one species frequently resemble distinet 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-
gation, than by the nature of the conditions to which the
varying being has been exposed. Thirdly, because these facts
are 1o 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 group, it will tend
“ 1o be variable in allied species; and if any given character
“is perfectly constant in one species of a group, it will tend
* 10 be constant in allied species,”

This leads me to recall a discussion in the chapter on
Sclection, 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 to vary. The same principle is applicable
to natural species, for, as stated in my ¢ Origin of Species,”
generic characters are less variable than specific characterss
and the latter are those which have been modified by varia-
tion and natural selection, since the period when all the
gpecies belonging to the genus branched off from a common
progenitor, whilst generic characters are those which have
remained unaltered from a much more remote epoch, and uc-
cordingly are now less variable. 'l‘l}ig statement n.mk.e§ a
near approach to Mr. Walsh's law of Equable Variability.
Secondary sexual characters, it may be added, r_al:ely geIVe tc
characterise distinet genera, for they usually (1}"01‘ muc}l in
the species of the same genus, and they are highly variable

% ¢ Proc. Entomolog. Soc. of Philadelphis,’ Oct. 1865, p. 214,
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in the individuals of the same spepies; 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.
In the three last chapters, some 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
functional activity increases the size of various glands, and
strengthens the semse-organs. Increased and intermittent
pressure thickens the epidermis. A change in the nature of
the food sometimes modifies the coats of the stomach, and
angments 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 scapulee, 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 economy of growth, together with the intercrossing
of many varying individuals. The cause of this difference
between organisms in a state of nature, and under domesticas
tion, probably is that in the latter case there has 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 contrary, structures which are rndimentary in the
parent-species, sometimes become partially redeveloped in onr
domesticated productions. Such rudiments as occasionally
make their appearance under domestication, seem always to
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, though the latter
have been almost passed over in this work, become 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 nse 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.

Throngh the principle of correlated variability, taken in
its widest sense, when one part varies other parts vary, either
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 dccrcm;_gs
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 witk
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curly hair have hoofs like those of a mule; the wool and the
horns of sheep often vary together ; hairless dogs are deficient
in their teeth ; men with redundant hair have abnormal teeth,
either by deficiency orexcess. Birds with long wing-feathers
usually have long tail-feathers. When long feathers grow
from the outside of the legs and toes of pigeons, the two
outer toes are connected by membrane; for the whole leg
tends to assume the structure of the wing. There is a mani-
fest relation between a crest of feathers on the head and a
marvellons 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 withont being able even
to conjecture what is the nature of the connection, as with
varions 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
individnals of one colour from certain disenses, from the
attacks of parasites and from the action of certain vegetable

i8ONS.

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
vcful purpose ; but we almost invariably find that other
parts have likewise been more or less modified, without our
being able to discover any advnn!:agc 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; l.mt i‘}-om what we
have seen, we may belie\'? tlna? many mo@xﬁcatfons are of no
direct service, having arisen in correlation with other and

n A
usi}‘:l):n%ﬁ:gog:: parts during tl.wir early development often
become fused together. Mult}plo 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 ;
80 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 whick directly or indirectly govern
variability, may be largely regulated by man’s selection, and
will so far be determined by natmal 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
& somewhat similar constitution, they are liable to vary
in the same manner. From these two canses analogous
varieties often arise. When we réflect on the several fore-
going laws, imperfectly as we nnderstand them, and when
we bear in mind how much remains to he discovered, we nedl
not be surprised at the intricate and to us unintelligible
manner in which our domestic productions have varied, and
&till gc on varying,
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CHAPTER XXVII.
PROVISIONAL HYPOTHESIS OF PANGENESIS,

PRELTMINARY REMARKS—FIRST PART (—THE FACTS TO BE CONNECTED UNDER
A SINGLE POINT OF VIEW, NAMELY, THE VARIOUS KINDS OF REFRODUC-
TIOS—RE-GROWTH OF AMPUTATED PARTE—GRAFT-HYBRIDS—THE DIRECT
ACTION OF THE MALE ELEMENT ON THE FEMALE—DEVELOPMENT—THE
FUNCITONAL INDEPENDENCE OF THE VINITS OF THE BODY—VARIABILITY
— INHERITANCE—RESERSION,

SEUOND PART (—STATEMENT OF THE HYPOTHESIS—HOW FAR TIHE NECESSARY
ASSUMPTIONS ARE IMPROBABLE—~EXPLANATION BY AID OF THE HYPOTIESIE
OF THE SEVERAL CLASSES OF FACTS SPECIFIED IN THE FIRST PART-——

CONCLUSION.
Iy the previous chapters large classes of facts, such as those
bearing on bud-variation, the various forms of inheritance, the
canses 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 ano.ther. i
have been led, or rather forced, to form a view which to a
cortain extent connects these facts by a tangible method.
Every one would wish to explain to himself, even in an
imperfect manner, how it is possible for a character possessed
by some remote ancestor suddenly to reappear in the offspring ;
how the effects of increased or decreased use of a limb can be
transmitted to the child; how the male sexunal element can
get 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
reneration ; how a limb can be reproduced on th_e exact line
of amputation, with 'ncxther too much nor too little nd.ded;
how the same organism may be produced _by such widely
different processes, as bu(.ldux_g and true semxpal generation ;
and, lastly, ow 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 detail <.)f structure, _I am aware that my
view is merely a provisional hypothesis or speculation ; 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 disconnected by
any efficient canse, As Whewell, the historian of the inductive
sciences, remarks :—** Hypotheses may often be of service to
* science, when they involve a cerfain 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 separate 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

PROVISIONAL HYPOTHESIS

unit.!

In the First Part I will ennmerate as briefly as I can the
groups of facts which seem to demand connection ; but certain

! This hypothesis has been severely
criticised by many writers, and it
will be fair to give references to the
more important articles, The best
essay which I have seen is by Prof,
Delpino, entitled ‘Sulla Darwiniana
Teoria delln Pangenesi, 1869, of
which a translation appeared in
¢ Seientific Opinion,” Sept. 29, 1869
and the succeeding numbers. He
rejects the hypothesis, but criticises
it fairly, and 1 have found his eriti-
cisms very useful. Mr, Mivart
(* Genesis of Species,” 1871, chap, x.)
follows Delpino, but adds no new
ob‘{ections of any weight. Dr, Bastian
(* The Beginnings of Life,’ 1872, vol. ii.
p. 98) says that the hypothesis “ looks
% like a ralic of the old rather than a
¢ fitting appanage of the new evolu-
* tion philoaophi.” He shows that I
ought not to have used the term
 pangenesis,” as it had been previously
used by Dr. Gres in another sense.
Dr. Lionel Beale (* Nature,' May 11,
1871, p. 26) encers at the whale doc-
trine with much acerbity and some
Jjustice. Prof. Wigand (* Schriften der
Gesell. der gesammt. Naturwissen. zu
Marburg,’ Bd. ix., 1870) considers the
hypothesis as unscientific and worth-
Jess. Mr, G. H. Lewes (* Fortnightly
Review," Nov, 1, 1868, p. 503) seems
%0 consider that it may be useful: he

makes many good criticisms in a per-
fectly fair spirit. Mr. F. Galton, after
describing his valuable experiments
(* Proc. Royal Soc.” vol. xix. p. 393) on
the intertransfusion. of the blood of
distinet varieties of the rabbit, con-
cludes by saying that in his opinion
the results negative beyond all doubt
the doctrine of Pangenesis. He in-
forms me that subsequently to the
publication of his paper he continued
his experiments on a still larger scale
for two more generations, without
any sign of mongrelism showing itself
in the very numerous offspring. I
certainly should have expected that
gemmules would have been present in
the blood, but this is no necessary
part of the hypothesis, which mai-
festly applies to plants and the lowest
animals, Mr. Galson, in a lotter to
¢ Nature ' (April 27, 1871, p. 502), also
criticises various incorrect expressions
used by me. On the other hand,
several writers have spoken favoure
ably of ‘the hypothesis, but there
would be no use in giving references
to their articles. may, however,
refer to Dr. Ros¢® work, * The Graft
Theory of Discase; being an applica-
cation of Mr. Darwin's hypothesis of
'angenesis,’ 1872, as he gives several
criginal and ingenious discussions,
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gubjects, not hitherto dis:ussed, 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.

Part I.

Reproduction may be divided into two main classes, namely
gexnal and asexual. 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. It is
notorious that some of the lower animals, when cut into many
pieces, reproduce so many perfect individuals: Lyonuet cut a
Naig or freshwater worm into nearly forty pieces, and these
all reproduced perfect animals.? It is probable that segmen-
tation could be carried much further in some of the protozoa ;
and with some of the lowest plants each cell will reproduce
the parent-form. Johannes Miller thought that there was an
important distinction between gemmation and fission ; for in
the latter case the divided portion, however small, 18 more
fully developed than a bud, which alsois a younger formation ;
but most physiologistsare now con vinced that the two processes
are essentially alike Prof. Huxley remarks, “ fission is little
« more than a peculiar 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 see the conmection of the two processes in

2 (uoted by Paget, ¢ Lectures on
Pathology;’ 1833, p. 139,

3 Dy, Lachmanun, also, observes
(¢ Annals and Mag. of Nat. History,’
dnd series, vol. xix., 1857, p. 231)
with respect to infusoria, that * fissa~
& tion anil gemmation pass into each
& gpher almast imperceptibly.” Again,
Mr. W, C. Minor (* Annals and Mag.
of Nat, Hist,,' ord series; vol. xi. p.

528) shows that with Annclids the
distinction that has been made be-
tween fission ond budding is not a
fundamental ome. S, also, Pro-
fessor Clark’s work, ¢ Mind in Nature
New York, 1865, pp. 62, 8¢

4 See Bopnet. ‘Euvres d'Hist,
Nat.,” tom.'w, 1781, p. 339, for
remarks on the budding-out of thw
amputated Jimbs of Salamanders,
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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 gemme.*

Between the production, by fissiparous generation, of two
or more complete individuals, 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 connected. 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 powers of development from the
“ embryo, are identical with those exercised for the restora-
* tion from injuries: in other words, that the powers are the
“ game 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
repair of injuries, and development, are all essentially the
results of one and the same power.

Sezual Generation.—The union of the two sexual elements
seems at first sight to make a broad distinction between
soxual and asexual gemeration. But the conjugation of
algw, 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 hig
memuoir on the pairing of Zoospores,” shows that conjugation
graduates into trne sexual reproduction. Moreover, the now
well-ascertained cases of Parthenogenesis prove that the
distinction between sexual and asexnal generation is not
nearly so great as wag 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 ovg
show a trace of parthenogenetic power, for without being
fertilised they pass through the first stages of segmentation.®
Nor can pseudova which do not ueed fertilisation, be dis-
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% Paget, ‘Lectures on Pathology,”  bold, “ Usber Parthenogenesia,™ ¢Siy

1838, p. 158,

¢ Thid., pp. 152, 164,

¥ Translated in “Annas and Mag,
of Nat. Hist.,’ April, 1870, p. 272.

¢ Bischoff, as quoted by von Sie-

zung der math, phys. Classe,' Mum‘ch,
Nov, 4th, 1871, p. 240, Seealso Qua.
trefages, ‘Annales des Se. Nat. Zovlog.,
3rd Series, 1830, p. 158,
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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 larv of Cecidomyia are said by Leuckart
to be formed within the ovarium, but they do not require to
be fertilised. It should also be ohserved that in sexual
generation, the ovules and the male element have equal power
of transmitting every single character possessed by either
parent to their offspring. We sce this clearly when hybrids
are paired inter se, for the chavacters 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
fortilised germs give birth to variable beings. But there is
no such broad distinction as this. In the eleventh chapter
numerous cases were advanced showing that buds occasionally

w 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
1e admitted that beings produced sexually are much more
liable to vary than those produced asexually ; and of this fact
a partial explanation wi'll hereafter be attempted. The
variability in both cases is determined by the same general
causes, and is governed by the same laws, Hence new
varieties arising from buds cannot be distinguished from
those arising from seed.‘ Although bud-varieties nsually
retain their character during successive bud-generations, yet
they occasionally revert, even after a long series of bud-
generations, o their former character. This tendency to
is one of the most remarkable of the several

reversion in buds, 1 :
points of ﬂgreemeut between the offspring from bud and

seminal reproduction. :
But {here is one difference between organisms producéd

i he Asexual Reproduction of  “Annals and Mog. of Nat. Hist
Cccklyxgv::l: Larvie,’ translated in  March, 1865, pp. 167, 171, o

YOL. il Z A



354 PROVISIONAL HYPOTHESIS Crar. XXVIL

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
happen to be, and therefore do not pass through some of the
lower developmental stages.'® Afterwards, they often advance
in organisation, as we see in the many cases of “alternate
generation.” In thus speaking of alternate generation, [
follow those naturalists who look at this process as essentially
one of internal budding or of fissiparous generation. Some
of the Tower plants, however, such as mosses and certain alge,
according to Dr. L. Radlkofer,'! when propagated asexunally, do
nundergo a retrogressive metamorphosis. 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
early 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.

¥rom the several foregoing considerations we may conclude
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 fo be fully
developed nunless 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
inquirc what the final cause can be of the necessity in

1 Prof. Allman speaks (‘Transact.  “ of zooids, that no retrogression ever
R. Soc. of Edinburgh,’ vol. xxvi., 1870,  * takes place in the series.” 3
p- 102) decisively on this head with 1 ¢ Appals and Mag. t:f_.\nt. Hm._,
rospect to the Hydmoida: he says, It 2nd series, vol. x5, 1807, pp. 155«
“18 a universal law in the succession 455
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ordinary generation for the concourse of the two sexnal
elements,

Seeds and ova are often highly serviceable as the means of
disseminating plants and animals, and of preserving them
during one or more seasons in a dormant state; but un-
impregnated seeds or ova, and detached buds, wounld be equally
serviceable for both purposes. We can, however, indicate
two important advantages gained by the concourse of the
two sexes, or rather of two individuals belonging to opposite
sexes; for, as I have shown in a former chapter, the structure
of every organism appears to be especiully adapted for the
coneurrence, at least occasionally, of two individuals. When
species are rendered 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. Secondly, 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 ; and I have been led, from observing the many
widely-extended provisions throughout nature for this purpose,
and from the greater vigour of crossed organisms of all
kinds, as proved by direct experiments, as well as from the
evil effects of close interbreeding when long 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 element; and
why conversely the male element, which in the case of some .
insects 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 including too little formative
matter for independent development. Quatrefag;s has shown

A2
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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 bas likewise been shown
by Newport,'* who proved by numerous eXperiments, that,
when a very small number of spermatozoa are applied to the
ova of Batrachians, they are only partially im])rcgnntcd, and
an embryo is never fully developed. The rate also of the
segmentation of the ovum is determined by the number of the
spermatozon, With respect to plants, nearly the same results
were obtained by Kolreuter and Giirtner.  This last careful
observer, After making successive trials on a Malva with
more and more pollen-grains, found,'* that even thirty graing
did not fertilise a single seed ; but when forty praing were
applied to the stigma, a few secds of small size were formed.
In the case of Mirabilis the pollen grains are extraordinarily
large, and the ovarium contains only a single ovule; and
these circumstances led Naudin'® to make the following
experiments: a flower was fertilised by three grains and
succeeded perfectly ; twelve flowers were fertilised by two
grains, and seventeen flowers by a single grain, and of these
one flower alone in each lot perfected its seed: and it deserves
especial notice that the plants produced by these two seeds
never attained their proper dimensions, and hore flowcrs of
remarkably small size. From these facts we clearly see that
the quantity of the peculiar formative matter which is
contained within the spermatozoa and pollen-grains is an all-
important element in the act of fertilisation, 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 excluded; for M. Jourdan1®

12 ¢ Annalesdes Se. Nat.,' 3rd series,
1850, tom. xiii,

13 Trapsact. Phil. See.,’ 1851, pp.
196, 208, 210; 1853, pp. 245, 247,

4 ¢ Boitrage zur Kenntniss!' &e.,
1844, = 545,

13 ¢ Nouvelles Archives du
séum,’ tom, i. p. 27,

* As quoted by Sir J. Lubbock in
ENat, Hist, Review’ 1862, p. 3435,

Mu-

Weijenbergh also ruised (“Naturs!
Dec. 21, 1871, p. 149) two successive
generations from unimpregnated fo-
males of another lepidopterous insect,
Liparis dispar.  These females did
not produce at most one-twentieth
of their full complement of ezes, and
many of the eggs were worthless,
Moreover the caterpillars ralsed from
these nnfertilised eggs “ possesse] far
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Jound that, out of about 58,000 eggs laid by unimpregnated
silk-moths, many passed through their early embryonic
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 fissiparous reproduction, for Haeckell?
found that by cuiting the segmented and fertilised ova or
larvee of Siphonophorwe (jelly-fishes) into picces, 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 prolonged existence and development, nnless
they combine and thus increase each other's bulk. The belief
that it is the function of the spermatozoa to communicato
life 1o the ovule seems a strange one, seeing that the un-
impregnated ovule is already alive and generally undergoes a
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 all parts of one and
the same great law.

Re-growth of ampuiated parts—This subject deserves a little
further discussion. A multitude of the lower animals and
gome vertebrates possess this wonderful power. For instance,
Spallanzani cut off the legs'and tail of the same salamander six
times successively, and Bonnet,'® did =o eight times; and on
each occasion the limbs were reproduced on the exaet 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

less vitality ® than those from ferti- % Spallanzani, ‘An Essay on Animal
lised eggs. In the third partheno- Reproduction,” trapslated by Dz,
genetic geperation not & single egg  Maty, 1769, p. 70 Bonaet, ‘(uvres
yielded a caterpillar. d’Hist. Nat.' tom. v, part i, 4to.

17 s Entwickelungsgeschichte  der  edit., 1781, pp. 343, 350.
Siphonophora,” 1869, p. 73,

”
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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-fect the fifth,
and so it is with a reproduced limb.20

The power of re-growth is generally much greater during
the youth of an animal or during the curlier stages of its de-
velopment than during maturity. The larve or tadpoles of the
Batrachians are capable of reproducing lost members, but
not so the adults.®® Mature insects have no power of re-
growth, excepting in one order, whilst the larve 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, thongh 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 wiil
reproduce the whole, the power of re-growth must be diffused
throughont 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 cach
particular animal. The most striking case in favour of this
view, is that the terrestrial salamander, according to Lessona,
cannot reproduce lost parts, whilst another species of the

15 Vulpian, as quoted by Frof.
Faivre, * La Variabilité des kspioes,’
1868, p. 112, i

2 [y, P. Hoy, ¢ The American Natu«
ralist,” Sept. 1871, p. 579.

# Dr. Gunther, in Owen’s ‘Ana-
tomy of Vertebrates,” vol. i,, 1866, p.
567, Spallanzani has made similar
observations.

2 A thrush was exhibited before
the British Association at Hull, in
1853, which had lost its tarsus, and

this member, it was asserted, had
been thrice reproduced; having been
lost, 1 presume, each time by disensa,
Sir J. Paget informs me that he feels
some doubt about the facts recorded
by Sir J. Simpson (* Monthly Journal
of Medical Science,” Fdinburgh, 1848,
new series, vol. ii, p. 890) of the re-
growth of limbs in the womb in the
case of man.

2 ¢ Attidella Soc. Ital. di Se. Nat.!
vol, xi., 1869, p, 493;
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game genus, the aquatic salamander, has extraordinary powers
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** Even with the aquatic salamander
the capacity is to a certain extent localised, for when AL
Philipeanx,*® extirpated the entire forelimb together with
the seapula, the power of re-growth was completely lost. It
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
femorata, like other insects of the same order, can reproduce
jts legs in the mature state, and these from their great length
must be liahle 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 gasturopod molluses, which are well known to have the
posver 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. Even with
plants we sce something of the same kind, for non-deciduouns
leaves and young stems have no power of re-growth, these
parts being casily 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.

20 Lessonn states that this i‘u solin
the paper just reforvad to, Sev also
‘Thru !Am{-rimn Naturalist,’ Sept.

v. p. 204, asquoted by Prof. Rolleston
in Kls remarkable address to the 36th
annual meeting of the British Medical

1871, p. 278, z
s ‘{‘omp:cs Rendus,” Oct. 1, 1866,

¢nd June, 1857,
# Bonget,  Guvres Hist, Nat.,’ vol.

Association.
3¢ ¢ Proc, Boston Soc, of Nat. Hist.,)'
vol. xii., 1868-69, p. 1.
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Graft-hybrids—It is well known from inmumerable 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 seedlings from the same variety
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 distinct 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 eloventh 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 ot
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 bave also been produced with the laburnum, orange,
vine, rose, &c., seems sufficient. But we do not know
under what conditions this rare form of reproduction ig
possible.  From these several cases we learn the important
fact that formative elements capable of blending with those
of a distinet individual (and this is the chief character
istic of sexual gencration), are not confined to the Tepro-
ductive organs, but are present in the buds and cell}tlm' tissue
of plants; and this is a fact of the highest physiological
Importance.

Direct Action of the Male Element on the Ffwale.—ln
the eleventh chapter, abundant proofs were given that
foreign pollen occasionally affects in a direct manner the
mother-plant.  Thus, when Gallesio fertlhs:aed an orange-
flower with pollen from the lemon, the fruit hore 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
varviety. 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 elements
mcluded 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 distinct variety or species. We are thus bronght
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
female. But we have the analogous 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
gsuch & 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 suppose that this is
possible 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
3 Trapsact, Linn. Soc., sol. 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 insects.
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
« gurface of the old ones. The plastic force has changed its
s gourse of operation. Theouter 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 distinct
“ developmental process,” &c.*® Metamorphosis, however,
graduates so insensibly into metagenesis, 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 entirely 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
gometimes maintaining for a short period an independent
vitality.®® .

1f, instead of a single individual, several were to be thus
developed metagenetically within a pre-existing form, the
process would be called one of alternate gemeration. The
young thus developed may either closely resemble the encasing
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2 & Parthenogenesis,’ 1849, pp. 25,
26. Prof. Huxfey has some oxcellont
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 motagenesis,

30 Pyof. J. Reay Greepe, in Giin.
ther's ¢ Record cof Zoolog. Lit,," 1865
p. 623,
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parent-form, as with the larve 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 inseots,

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 function, 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 continuous growth, as we shall see when we con-
sider the inheritance of modifications at corresponding ages.

We are led to the same conclusion, namely, the independ-
ence of parts successively developed, by another and quite
distinet group of facts. 1t 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 i, they
pass through an early stage wholly different from the ordinary
grub-like larva. In the same sub-order of erabs, namely, the
Macroura, as Fritz Miller 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 Palssmon
appears under the form of a Zoea, and Peneus under the
Nauplius-form ; aud how wonderfully theseo larva! forms differ
from one another, is known to every naturalist3!' Some
other crustaceans, as the same author observes, start from the
gamo point and arrive at nearly the same end, but in the

B Frite) Mallers Tl e 322) o the difhmeet s o i
:Eﬁ;ri'; o ;r'uslmﬂlﬁ P'rof. Milne-  morphosis of tlusaly-allied genera.

Edwards, iusists (‘Annal. des S,
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middle of their development are widely different from one
another. Still more striking cases could be given with
respeet to the Echinodermata. With the Medusa or jelly-
fishes Professor Allman observes, *The classification of the
* Hydroida would be a comparatively simple task if, as has
“ been erroneously asserted, generically-identical medusoids
“always arose from generically-identical polypoids; and, on
* the other hand, that generically-identical polypoids alyways
* gave origin to generically-identical medusoids.” So again,
Dr. Strethill Wright remarks, “In the life-history of the
“Hydroida any phase, planuloid, polypoid, or medusoid, may
“ be absent.” 32

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 oceurred, 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 .ﬂw
Body.—Physiologists agree that the whole organism consists
of a mailtitude of elemental parts, which are to a great extent
independent of one another. Each organ, says Claude
Bernard,®™ has its proper life, its antonomy ; it can 119\'0101)
and reproduce itself independently of the adjoining vissues.
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
“jits 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. -4 ® o
Mag. of Nat. Hist,! 8rd sories, vol. 33« Tissus \‘lvr.mts.'IIS'-?, :l., “l'nt
xiii,, 1864, p. 348; Dr. S. Wright, 3 4 Cellular Pathol oS-"r“ ’:;sss
ibid,, vol viil., 1861, p. 127. Se by Dr. Chance, 1360, pp. &% 25,

also p. 358 for analogous statements 460,
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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.” Fach 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 donbts
that, for instance, each ‘bone-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
“is not represented, as exactly as it would be in a mirror, on
“ the other.”

Many facts support this view of the independent life of
each minute element of the body. Virchow insists that a
single bone-corpuscle or a single cell in the skin may beco
diseased. The spur of a cock, after being inserted into the
ear of an ox, lived for eight years, and acquired a weight of
306 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.?” 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 similar facts
could be given. The frequent presence of hairs aud.o‘f per-
fectly developed toeth, even teeth of the second dentition, in
ovarian tumours,?® are facts leading to the same conclusion.

’

e t. ¢Surgical Pathology,’ des Os’ p.8.
vol LPnlgSc{v;‘, Pp- l‘.F—H. . 3 Isidore Geoffroy Saint-Hilaire,

% Tbid., p. 19, ¢Hist. des Anumal'i_u,' tom. ik pp.
37 Qs Prof. Mantegazza's interest- 549, 560, 5625 Virchow, ibid., p.
ing work, * Degli innesti Animali,)” &c., 484, Luw:mn Thait, ‘.Th’e l‘a_tholngy of
Milago, 1865, p, 51, tab. 3. Diseases of the Ovaries,” 1574, pp. 63,
# ¢Dg la Production Artificielle 62,
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Mr. Lawson Tait refers to a tumour in which *over 300
teeth were found, resembling in many respects milk-teeth ;”
end to another tumonr, * 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 go 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 celluld is admitted
for plants, and widely prevails with respect to animals.*!
Thus Virchow, the great supporter of the cellular theory,
whilst allowing that difficulties exist, maintains that every
atom of tissue is derived from 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 one. 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 consiste
of a 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 (?o-ordinate
with life or l_‘opmductiou, but results from special causes

4 Var the most vecent elassification 1 Dy, W. Turner, ‘The 'Pnse_nl
of cells, soe Ernst Hisckel's * Genaeale  Aspect of Cellular i'all\.°|ﬂg{. 4 Edine
Morphcizz,,’ Band ii., 1869, s, 275. burgh Medical Journal," April, 1863,
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generally from changed conditions acting during successive
generations. The fluctuating variability thus induced is ap-
parently due in part to the sexual system being easily affected,
so that it is often rendered impotent; and when not so
seriously affected, it often fails in its proper fumction ot
transmitting truly the characters of the parents to the
offspring. But variability is not necessarily connected with
the sexnal 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
wo 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 trained to certain paces, and the colt inherits similar
consensual movements. The domesticated rabbit becomes
tame from close confinement; the dog, intelligent from
associating with man; the retriever is taught to fetch and
carry ; and these mental endowments and bodily powers are
all inherited. Nothing in the whole circuit of physiology is
more wyuderful. How can the use or disuse of a pnrtiou.lar
limb ot 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 charac-
ters of either one or both parents ? Even an imperfect answer
to this question would be sutisfacm.ry. :

In the chapters devoted to inheritance it was al.\o.wn. that a
multitude of newly-acquired characters, whether injurious or

beneficial, whether of the lowest or highest vital importance,
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are often faithfully transmitted— frequently even when one
parent alone possesses gome 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 not inherited, from the conditions of life being directly
opposed to its development; in many instances, from the
conditions incessantly inducing fresh variability, as with
grafted frnit-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, {

Inheritance 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
seasons 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 exelusively 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 distincet powers; and these powers in some
cases are even antagonistic, for each acts alternately in sue-
cessive generations. Reversion is not a rare event, depending
on some unusual or favourable combination of eirenmstances,
but occurs so regularly with crmssed animals and plants, and
so frequently with uncrossed breeds, that it is evidently an
essential part of the principle of inheritance: We know that
changed conditions have the power of evoking loag-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, botI} when
purely bred and especially when crossed ; or as with the
zebrine stripes on dun-coloured horses, and other such casegd
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 exclusively, if
of crossed parentage,—as in the rare cases described of fowls,
pigeons, cattle, and rabbits, which have reverted to the colonrs
of one of their parents or ancestors as they advanced in years.

We arc 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 mauner as in
male and female animals the secondary characters of the
opposite sex lie latent and ready to be evolved when the
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 case 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 be 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 ?

Part II.

T 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 assu.mptions, and
much may be advanced in favour of the chief one. tI‘he
secondary assumptions can likewi_se be supported b.y various
physiological considerations. It is universally adnntted that
the cells or units of the body increase by self-division or
proliferation, retaining the same nature, and that they
ultimately become converted into the various tissues and

YOL. IL 28
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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 throughout 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
to 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 future
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,
not only during the adult state, but during each stage of
development of every organism; but not necessarily 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
or into 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. T'heseassump-
tions constitute the provisional hypothesis which I have called
Pangenesis, Views in many respects similar have been pro-
pounded by various authors.*? :

PROVISIONAL HYPOTHESIS

2 Mr. G. H. Lewes (‘Fortnightly
Review,’ Nov. 1, 1868, p. 506) remarks
on the number of writers who have
advaneed nearly similar views. More
than two thousand years ago Aristotle
combated a view of thiz kind, which,
as I hear from Dr. W. Ogle, was
held by Hippocrates and others. Ray,
in his ¢ Wisdom of God’ (2nd edit.,
1692, p. 68), says that * every part
“ of the body seems to club and con-
 tribute to the seed.” The “ organic
molecules  of Buffon (* Hist. Nat.
Gen,,’ edit. of 1749, tom. ii. pp. 54, 62,
320, 333, 420, 425) appear at first
sight to be the snme as the gemmules

my hypothesis, but they are essen-

tially different. Bonnet (* (Euyres
d’Hist. Nat.,' tom. v., part i, 1781,
4to edit., p. 334) speaks of the limbs
having germs adapted for the repara-
tion of all possible losses; but
whether these germs are uppposed to
be the same with those within buds
and the sexual or{nns is not ::lcnr.
Prof. Owen says (* Anatomy of Verte
brates,” vol. iii, 1868, p. 813) that
he fails to see any fundamental differ
ence between the views which he pro.
pounded in his ¢ Parthenogenesis®
(1849, pp. 5-8), and which he now con-
siders as erroncous, and my hypothess
of pangenesis: but a reviewer (* Jour
nal of Anat. and Phys," May, 1869,
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Before proceeding to show, firstly, how far these assnmp-
tions are in themselves probable, and secondly, how far they
connect and explain the various groups of facts with which
we are concerned, it may be useful to give an illustration, 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 nourished under favourable
ciroumstances 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
wonld 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
gommules 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.

Physiolugists 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 autonomous, 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 throughout the system, and are capable
under proper conditions of being developed into similar units
Nor can this assumption be considered as gratumitous 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

%« how different the Lastly, it appears from a review of
r'mﬁ;lzr:ho‘l' formerly thought tha{ the }fmex}cm":ork by Prof. M.:n}e:
the “ physiological units " of Herbert  gazza (‘ Nuova %\nkv_]ogm‘. Maggio,’
Spencer (* Principles of Bidlogy," vol.  1868), that he (in his *Elementi di
i, chaps. iv. and ¥iiiy 1853-64) Igiene,” Ediz. iii,, . 540) clearly
were the same as my gemmules, but  foresaw the doctrine of pangenesis.

1 now koow that this is not the case.
2B2
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plants, and can combine with that of another and distinct
plant, giving rise to a mew being, intermediate in character.
We know also that the male element can act directly on the
partially developed tissues of the mother-plant, and on the
future progeny of female animals. The formative matter
which is thus dispersed throughout 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 particles
or gemmules cast off from each unit or cell.*

But I have further to assume that the gemmules in their un-
developed state are capable of largely multiplying themselves
by self-division, like independent organisms. Delpino insists
that to * admit of multiplication by fissiparity in corpuscles,
« analogous to seeds or buds . . . isrepugnant 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 picces, and these were developed. Nor does the extreme
minuteness of the gemmules, which can hardly differ muchin
nature from the lowest and simplest organisms, render it
improbable that they shonld grow and multiply. A great
authority, Dr. Beales says * that minute yeast cells are
“ capable of throwing off buds or gemmules, much less than
“ the yyglygs of an inch in diameter;” and these he thinks are
‘ capable of subdivision practically ad infinitum.”

A particle of small-pox matter, g0 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.*s It has recently been ascertained 7 that a minute
portion of the mucous discharge from an animal affected with

PROVISIONAL HYPOTHESIS

4 ¢ Annales des Se. Nat.' 38rd
series, Bot., tom, xiv., 1850, p, 244,
O ¢ Disease Germs,’ p. 20,

# Mr, Lowne has observed (* Jour-
nal of Queckett Micrascopical Club,’
Sept. 28, 1870) certain remarkable

changes in the tissues of the larva of
a fly, which makes him believe “it
4 possible that organs and organisms
“are sometimes developed by the
4 aggregation of excessively minute
 gemmules, such s those which Mr.
“ Darwin’s hypothesis demands.”

# See some very interesting pa
on this subject by Dr. Bcnlcefw;;
¢ Modical Times and Gazetle,' Seps,
ath, 1865, pp. 273, 330.

4 Third Report of the R, Comm,
on the Cattle Plague, as quoted ig
¢ Gard. Chronicle,’ 1866, p. 446.
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rinderpest, if placed in the blood of a healthy ox, increases
so fagt that in a short space of time “the whole mass of
* blood, weighing many pounds, is infeeted, 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 fmprob-
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
indefinite number of generations. We shall presently seo
how well the long-continued transmission of undeveloped
gemmules explains many facts.

As each unit, or group of similar units, thronghout the
body, casts off its gemmules, and as all are contained within
the smallest ovule, and within each spermatozoon or pollen-
grain, and as some animals and plants produce an astonishing
number of pollen-grains and ovules,*® the number and minufe-
ness of the gemmules must be something inconceivable. But
considering how minute the molecules are, and how many
go to the formation of the smallest granule of any ordinary
gubstance, this difficulty with respect to the gemmules is not
insuperable. From the data arrived at by Sir W. Thomson,
my son George finds that a cube of |5} 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

4 My. F. Buckland found 6,867,840
eggs in n cod-fish (‘ Land aad Water,"
1868, p. 62). An Ascaris produces
about 64,000,000 eggs (Carpeater’s
¢ Comp. Phys.,’ 1854, 590). Mr. J.
Scott, of the Royal Dotapie Garden
of Edinburgh, calculated, in the sume
manner us I have done for some
British Orchids (¢ Fertilisation of
Orchids,” p. $44), the number of

seeds in n capsule of an Acropera
and found the number to be 571,250,
Now this plant produces several
flowers on a raceme, and many ra-
cemes during a season, In an allied
genus, Gougora, Mr. Scott has seen
twenty capsules produced on a single
raceme; ten such racemes on the
Acropera would yield abeve seventy
four millions of seed,
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many molecules go to the formation of a gemmule; but when we
bear in mind that a cube of (47 of an inch 15 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 gemmules 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 dispersion of the gemmules is not surprising. 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
colour at 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
gupported by many analogies. In all ordinary cases of sexual
reproduction, the male and female elements certainly have a
mutual affimity for each other: thus, it is believed that abont
ton 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 sexumal repro-
duotion, the formative matter cf each part contained within
the ovules and the male element act on each other by some law
of special affinity, so that corresponding parts affect one
another; thus, a calf produced from a th!'t-hOﬂ]Od‘ 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
coloured tails have their tails affected.

The various tissues of the body plainly show, as many phy-
siologists have insisted,** an affinity for special organic sub-
stances, whether natural or foreign to the body. We see this
in the cells of the kidneys attracting urea from the blood ; in
curare affecting certain nerves; Lytia vesicatoria the kidneys ;
and the poisonous matter of various diseases, as small-pox,
scarlet-fever, hooping-cough, 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 matier
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
cells, 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
remmules derived from the foreign pollen. In this case and
in all others the proper gemmules must combine in due Ol’dlil'
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 th.h
their mutual union and development, for we well. know in
the case of ordinary reproduction that such slight differentia-

on Pathology,’ Tissus Vivants,' pp. 177, 210, 337/
“2;":29";}";;'::}"""(’.&"“"," Patho- Muiller’s ¢ Physiology,' Eng. u'nn»!n..:
gy, translat. by Dr. Chance, pp.  p. 200,
125, 126, 264 - Claude Bernard, ‘ Des
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tion in the sexual elements 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 ifs gemmules, as the whole gubject 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 season 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 scems 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 reproduc-
tion, not being longer-lived than perfect males, seems 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.®

That the same cells or units may live for a long period and

* Prof. Ray Lankestor has dis-  parative Longevity in Man aud the
eussed several of the points here  Lower Animals’ 1870, pp. 83, 77,

seferred to as bearing on pangencsis,  &e.
m his iateresting essay, ‘On Com-
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continue multiplying without being modified by their union
with free gemmules 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 wnits are
modified during their normal growth by absorbing pecnliar
nutriment from the surrounding tissues, independently of
their union with gemmules of a distinet nature, is another
donbtful 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 converted by a direct transformation into niarrow-cells,
“ and continue as such; or they may first be converted into
¢ gsseons and then into medullary tissue; or lastly, they may
“ first be converted into marrow and then into bone. So
“ variable are the permutations of these tissues, in themselves
“go 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 and the same unit or
cell; for we cannot otherwise understand the insufficiency
of a single or even of two or three pollen-grains or sper-
niatozoa. But weare far from knowing whether tho gemmules
of all the units are free and separate from one another, or
whether some are from the first united into small aggregates.

& Dy Ross refers to this subject trans. by Dr. Chance, 1860, pp. 50,
in his ¢ Graft Theory of Disease, 1572, 162, 245, 441, 454,
: :?; - - * Ibid., pp,. 412426,

# Virchow, ‘Cellulsr Pathology,
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A feather, for instance, is a complex structure, and, as each
separate part is liable to inherited variations, I conclude that
each feather generates a large number of gemmules; but it
is possible that these may be aggregated into a compound
gemmule. The same remark applies to the petals of flowers,
which are sometimes highly complex structures, with each
ridge and hollow contrived for a special purpose, so that
each part must have been separately modified, and the
modifications transmitted; consequently, separate gemmules,
according to our hypothesis, must have been thrown off from
each cell or unit. But, as we sometimes see half an anther
or a 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 cell 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,
nucleus, nucleolus, and walls, we do not know whether or

not its development depends on a compound gemmule derived
from each part.®

Having now endeavoured to show’that the several fore-
going assumptions are to a coertain 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 i is impossible to
distinguish between organisms produced from buds, from self-
division, or from fertilised germs ; such organisins 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 it
wo did not know that great good followed from the union of
the sexual elements derived from two distinct individuals, the

4 Ses some good eriticisms on this  Lowes in the ‘Fortnightly Review,
head by Delpino, and by Mr. G, H. Nov. 1, 1868, p. 509,
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wonder would be that parthenogenesis did not occur much
oftener than it does. On any ordinary theory of reproduction
the formation of graft-hybrids, and the action of the male
element on the tissues of the mother-plant, as well as on the
future progeny of female animals, are great anomalies; but
they are intelligible on our hypothesis. The reproductive
organs do not actually create the sexual elements; 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 union. 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 to a distinet genus or family.
The spermatophores of the Cephalopoda are wonderfully
complex structures, which were formerly mistaken for 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
tha spermatozoa of an insect find their way into the minute
micropyle of the egg.

The antagonism which has long been observed,® with
cortain exceptions, between growth and the power of sexual
reproduction 86__hetween the repair of injuries and gemma-
tion—and with plants, between rapid increase by buds,
rhizomes, &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.

of a medusa, with its reproductive

5 Mr. Herbert Spencer (‘Princi-
ns active, which produces by

les of Biology,’ vol.ii. p. 430) has orga

ully discussed this antagonism.

3 The male salmon is knmown to
breed at & very oarly age. The
Triton and Siredon, whilst retaining
their larval branchim, according to
Filippi and Duméril (*Annals and
Mag. of Nat. Hist,," drd series, 1866,
. 157), are capable of reproduction.
Eﬂut Haeckel has recently (‘ Monats-
bericht Akad. Wiss, Berlin,” Feb. 2ud,
1865) observed the surprising case

budding & widely different form of
medusa ; and this latter also has the
power of sexual reproduction. Krohn
has shown (‘Annals and Mag. of
Nat. Hist.,' 8rd series, vol. xix,, 1802,
p- 6) that certan other medusi,
whilst sexually mature, propagate
by gemma. S, also, Kolliker,
* Morphologie und Entwickelungige-
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 alle
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. I have
heard the process compared with that of the repair of the
broken angles of a crystal by re-crystallisation ; and the two
processes have this much in common, that in the one case
the polarity of the molecules is the efficient cause, and in the
other the aflinsty of the gemmules for particular nascent cells.
But we have here to encounter 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
i§ 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 not 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 mnot pass throngh those earlier stages, which the
fortilised 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 such gemmules 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 1wo 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 retained 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 scems to throw a considerable amount of light on the
wonderful power of re-growth.

1t follows, also, from the view just given, that the sexnal
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 cellsin 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 although ovules can be detected in most
or all female animals at an extremely early age, there is no
yeason 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-
vieusly shown, that geveral gemmules are requisite for
the development of each cell or unit. But from the occur-
rence of pn.rthcnogenesis, more especially from those cases
in which an embryo is only partially formed, we may infer
that the female element generally includes gemmules in nearly
sufficient number for independent development, so that when
anited with the male element the gemmules are superabun-
dant. Now, when two species or races are crossed reciprocally,
the offspring do not commonly differ, and this shows that the
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sexual 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 eleventh chapter. In these cases we must
follow Naudin,*” and admit that the * essence” or “eclement”
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 belioving
in such mutual affinity. When two forms are crossed, one
is not rarely found 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 blue
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 mot 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 affinitics

™ See his excellent discussion on this subject in ‘Nouve'les Archives dz
Maséum,' tom. i. p. 151,
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between a host of gemmules 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 distinct 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 not
know, any more than why unnatural conditions of life,
though compatible with health, should cause sterility; or
why continued close interbreeding, or the illegitimate 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-
jmpaired 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 unnaturel conditions, fail to
produce seed, but can readily be propagated by buds. We
shall presently see 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 & man, or many,
abrupt, and slight, as in the metamorphoses of certain
ephemerous insects, or, again, few and strongly-marked, as
with most other insects. Each newly formed part may be
moulded within a previously existing and corresponding
part, and in this case it will appear, falsely as I believe, to
be developed from the old part; or it may be formed within
a distinct part of the body, as in the uxtreme 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 metamorphosce
sometimes attain mearly the same 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 function. But all these cases become plain on the
hypothesis of pangenesis. T'he units, during each stage of
development, throw off gemmules, which, multiplying, are
transmitted to the offspring. In the offspring, as soon as
any particular cell or 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
organisme have often been subjected to changed’ conditious
of life at a certain stage of their development, and in
consequence have been slightly modified ; and the gemmules
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
one 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 successive metageneses 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 jnherited, 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 see
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 ger.-
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. T allude to organs which
are abnormally transposed or multiplied. For instance, &
curiong case has been recorded by Dr. Elliott Coues®® of &
monstrous chicken with a perfect additional right leg articu-
lated to the left 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
wag divided longitudinally 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-
limbe.®® When frogs, toads, &ec., 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 larve are
limbless. The same argument is applicable® to certain
insects produced with multiple legs or antennw, for these are
metamorphosed from apodal or antennee-less laryve. Alphonse
Milne-Edwards 5 has described the curious case of a crusta-
cean in which one eye-peduncle supported, instead of a com-
plete eye, only an imperfect cornea, and out of the centre of
this a portion of an antenna was developed. A case has been
recorded ** of a man who had during both dentitions a double
tooth in place of the left second incisor, and he inherited this
peenliarity from his paternal grandfather. Several cases are
known * of additional teeth having been developed in the
orbit of the eye, and, more especially with horses, in the palate.

OF PANGENESIS.

8 4 Proc. Boston Soe. of Nat. Hist.,”  de "Homme,” &e., 1862, p. 129.
republished in *Stientific Opinion,’
Nov. 10, 1869, p. 488, °

# Todd’s *Cyclop. of Anat, and
ths..’ vol, iv., 184952, p. 975,

¢ Compte Rendus,’ Nov, 14, 1865,
p- BOO.

o As previonsly remarked by
Quntrefages, in his ¢ Métamorphoses

YOL. 1L

92 Ginther’s ¢Zdological Record,”
1864, p. 279,

9 Sedgwick, in *Medico-Chirurg,
Review," April, 1863, p. 454,

o Jsid.  Geoffroy  Saint-Hilaire,
¢Hist. des Anomalies,” tom. i, 1932,
pp. 435, 657; and tom. :2 p. 360,

2'¢



586 PROVISIONAL HYPOTHESIS  (Cmap. XXVIL

Hairs occasionally appear in strang> situations, ag * within
the substance of the brain.” #8 Certain breeds of gheep 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 elemental parts of
the same feather may be transposed; for in the Sebastopol
goose, barbules are developed on the divided filaments of the
ghaft. Imperfect nails sometimes appear on the stumps of
the amputated fingers of man ; % and jt 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.” %
Analogous cases are of such frequent occurrence with plants
that they do not strike us with sufficient surprise. Super-
numerary petals, stamens, and pistils, are often produced. I
have seen a leaflet low down in the compound leaf of Vieia
sativa replaced by a tendril; and a tendril possesses many
peculiar properties, such as spontaneous movement and irritu-
bility. The calyx sometimes assumes, either wholly or by
stripes, the colour and texture of the corolla, Stamens are so
frequently converted into petals, more or less completely, that
snch cases are passed over as not deserving notice; 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 acconnt for the conversion of stamens into petals merely
by unnatural or superfluous nourishment. Again, the edge of
a petal may- occasionally be found including ome of the
highest products of the plant, namely, pollen; for instance,

® Virchow, ¢Cellular Pathology,”  to me.

1860, p. 66, & Dr. Firbringer, ‘Die Knochen
o6 ‘Muller's Phys.,’ Eng. Translat,  otc. hei den  schlangenfihnlichen
vol. i,, 1833, p. 407. A case of this Sauriern,’ as reviewed in *Journal of

kind hos lately been comaunicated Anat. nnd Phys., May, 1870, p, 284,
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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 segents 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-fower 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.*®

I do not know how physiologists look at such facts as the
foregoing. According to the doctrine of pangenesis, the
gemmules of the transposed organs become developed in the
wrong place, from uniting with wrong cells or aggregates of
cells during their nascent state; and this would follow from
a slight modification in 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 distinet
species. It is manifest that the sexual elective affinities
of such plants—to use the term employed by Giirtner—have
been modified. As tho cells of adjofning or homalogous
parts will have nearly the same nature, they will be particu-
Iarly 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 onght to be observed that when any compound part,

% Moquin-Tardon, ‘Teratologie Masters in ‘Science Review,! Oct.
Vég.,' 1841, pp. 218, 220, 353, For 1873, p. 365. The Rev. J, M.
the case of the pea, soe ‘Gardener’s  Berkeloy describes a bud developed
Chron.,' 1866, p, 897, With respect  on a petal of a Clarkia, in *Gard
to pollen within ovules, see Dr. Chronicle, April 28, 1866,
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sach as an additional limb or an antenna, springs from a false
position, it is only necessary that the few first ggmmules
should be wrongly attached; for these whilst developing
‘would attract other gemmules in due succession, as in the
re-growth of an amputated limb. When- parts which are
homologous and similar in structure, as the vertebrm of
gnakes or the stamens of polyandrous flowers, &o., are re-
peated many times in the same organism, closely allied
gemmules must be extremely numerous, as well as the points
to which they ought to become united; and, in accordance
with the foregoing views, we can to a certain extent 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 T 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.
\\"_hethcr a superabundance of gemmules wounld 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 samo manner as plants, if their own
pollen be excluded, are easily hybridised, so, in the case of
cells, if the properly sncceeding gemmules were absent,
they would probably combine easily with other and allied
gemmules, as we have just secn 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 inherited modifica-
vions. It is equally or even more unintelligible 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 bécome 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-
ceding cells, and will consequently be developed at the
game 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 scems
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.

It 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 should
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 we shall see under the
head of reversion is strongly supported, that gemmules derived
from each unmodified unit or part are transmitted 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 sufticiently
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, thongh not in
the nature, of the variations in plants propagated by sexnal
and asexual generation. As far as variability depends on
" the imperfect action of the reproductive organs under changed
conditions, we can at once see why plants propagated asexually

@ &e some yemarks to this eflect by Sir H. Holland in his ¢ Medica.
Notes, 1839, p. 32.
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ghould be far less variable than those propagated sexually.
With respect to the direct action of changed conditions, we
know that organisms produced from buds do not 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
sceds. Many varieties can be propagated securely by buds,
but generally or invariably revert to their parent-forms by
seed. So, also, hybridised plants can be multiplied to any
extent by buds, but are continnally liable to reversion hy
seed,—that is, to the loss of their hybrid or intermediate cha-
racter. I 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
distinct 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 distinct groups of causes,
Firstly, the deficiency, superabundance, and transposition of
gemmules, and the redevelopment of those which have long
been dormant ; the gemmules themselves not having under-
gone any modification ; and such changes will amply acccunt
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 a
reddish colour, a minute separated particle would naturally,
as it grew to full size, retain the sume 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 discussed by impli-
cation, the important principle of inheritance at corresponding
ages. Inheritance as limited by ‘sex and by the 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
ghould be remembered that, in the discussion on the abnormal
transposition of organs, we have seen reason to believe that
such olective afinities are readily modified. But I shall soon
have to reeur 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
suceessive 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
cortain sheep-dogs is due to such inheritance. Cireumecision
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 some maintain that an inherited effect does
occasionally appear. If inheritance depends on the presence of
disseminated gemmules derived from all the units of the body,

10 This is the view taken by Prof. elterlichen und im kindlichen Orga-

Haeckel, in his *Generelle Morpho-  nistaus, die Theilung dieser Materie
logie' (B. &. s 171) who says: bei der Fortpflanzung, ist die Ursache
“

ighich die partielle Identitat der  der Erblichkeit.”
specifisch constituirten Materie im
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why does not the amputation or mutilation of a part, especially
if effected on both sexes, invariably affect the offspring ? The
answer in accordance with our hypothesis probably is that
gemmules multiply and are transmitted during a long series
of generations—as we see in the reappearance 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 gemmnles
formerly derived from the partare 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 ig
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 these cases is all
the more remarkable as only one parent was affected ; but we
know that a congenital dcﬁciency is often transmitted from
one parent alone—for instance, the offspring of hornless cattlg
of either sox, when crossed with perfect animals, are 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 probably
18 that all the gemmules of the mutilated or amputated parg
are gradually attracted to the diseased surface during thg
reparative process, and are there destroyed by the morbig
action. '

A few words must be added on the complete abortion of
organs.” When a part becomes diminished by disnse pro.
longed during many generations, the principle of economy of
growth, together with intcrcruming, will tend to reduce it
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still further as previously explained, but this will not acconut
for the complete or almost complete obliteration of, for
instance, & 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 rundiment 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 madiment 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, though
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,
rests on the principle that transmission and development,
though generally acting in conjunction, are distinct powers;
and the transmission of gemmules with their subsequent
development shows us how this is possible. We plainly see
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
gecondary male gexual characters are included within the
femalo; and conversely female characters in the male: wo
have evidence of this in certain mascnline 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, an
in the shape of the horns of the ox, and in the absence of
horns in castrated stags. Even a slight change in the
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conditions of life due to confinement sometimes suffices to pre-
vent the development of masculine characters 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 lie 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 masculine characters, not of her own breed
but of a remote progenitor, illustrates the close connection
between latent sexual characters and ordinary reversion.

With those anfmals and plants which habitually produce
several forms, as with certain butterflies described by Mr.
Wallace, in which three female forms and one male form
Co-existy 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 one side or one
quarter of their hodies like that of the male, with the other
half or three-quarters like that of the female. In 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 elective affinities of the nascent
cells which in these cases differ abnormally on the two sides
of the body. 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
Yet a nearly equal number of individuals have either side
wodified in the same remarkable manner., i

Reversion, in the ordinary sense of the word, acts 80 1nces-
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
Bame individual, The tendency to reversion is often induced
by a change of conditions, and in the plainest manner by
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orossin{;. Crossed forms of the first generation are generally
near}y 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?
Each. unit in a hybrid must throw off, according to the
doctrine of pangenesis, an abundance of hybridised gemmules,
for crossed plants can be readily and largely propagated
by ‘buds; but by the same hypothesis dormant gemmules
derived from both pure parent-forms are likewise present;
and as these gemmules retain their normal condition, they
woul.d, it is probable, be enabled to multiply largely during
the lifetime of each hybrid. Consequently the sexual elements
of a hybrid will include both pure and hybridised gemmules ;
and when two hybrids pair, the combination of pure gem-
mules derived from the one hybrid with the pure gemmules
of the same parts derived from the other, would necessarily
lead to complete reversion of character; and it is, perhaps,
not too bold asupposition that unmodified and undeteriorated
gemmules'of the same nature would be especially apt 1o
combine. Pure gemmules in combination with hybridised
gemmules would lead to partial reversion. And lastly,
hybridised gemmules derived from both pnmnt‘h)'brids
would simply reproduce the original hybrid form.  All
these cases and degrees of reversion incessantly occur-

It was shown in the fifteenth chapter that cortain characters
are antagonistic to each other or do not readily blend ; hence,
when two animals with antagonistic characters are crossed,
it might well happen that a sufficiency of gemmules in the s
alone for the reproduction of his pecl;liul' characters, and in the
female alone for the reproduction of her peculiar characters,
would not be present; and in this case dormant gomm'ules
derived from the same part in some remote progenitor might
casily gain the ascendancy, and cause the reappearance of
the long-lost character. For instance, when plack and white
pigeons, or black and white fowls, are crossed,—colours which
™ Ip these remarks I, in fact, species which are cm&‘:"; Noﬁ?d}l‘:

follow Naudin, who speaks of the excellent memoir in T
elements or esconcés of the two  Archives du Muséuim, tom. 1 P. 29%
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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, occagionally reappear.
With uncrossed breeds the same result follows, under condi-
tions which favour the multiplication and development of
certain dormant gemmules, as when animals become feral
and revert to their pristine character. A certain number of
gemmules being requisite for the development of each cha-
racter, as is known to be the case from geveral spermatozoa
or pollen-graing being necessary for fertilisation, and time
favouring their multiplication, will perhaps account for the
curious 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 T have heard it remarked,
certain diseases 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 production of a rudiment; but there is no
reason to suppose that dormant gemmules can be transmitted
and propagated for ever. Excessively minute and numerous
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 scem improbable that certain
gemmules, under favourable conditions, 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.
Conclugion.
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 throngh 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 union 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. FEach 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 not 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
dificulties. 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
gmooth paper, will multiply so rapidly as to infect within a
ghort 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 0 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 antonomous. I go one step further und 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 been 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 gemmnules derived
from it will be i 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 fundamentally the same, and dependent on the
mutual aggregation and multiplication of the gemmules.
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 scparately do not contain a sufficient number
of gemmules for independent development, except in the
cases of parthenogenesis. The development of cach 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 each being are
closely analogous processes. The child, strictly gpeaking,
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-crganised uni-
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cellular organism. Reversion depends on the transmission
from the forefather to his descendants of dormant gemmules,
which occasionally become developed under certain known or
unknown conditions. Each animal and plant may be com-
pared with a bed of soil full of seeds, some of which soon
germinate, some lie dormant for a period, whilst others
perish. When we hear it said that a man carries in his
constitution the seeds of an inherited disease, there is much
truth in the expression. No other atfempt, as far as I am
aware, has been made, imperfect as this confessedly is, tc
connect under one point of view these several grand classes
of facts. An organic being isa microcosm—a little universe,
formed of a host of self-propagating organisms, inconceivably’
minute and numerous as the stars in heaven.
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CHAPTER XXVIII,
CONCLUDING REMARKS.

DOMESTICATION—NATURE AND CAUSES OF VARIABILITY—SELECTION- -DIVER«
GENCE AND DISTINCTNESS OF CHARACTER — EXTINCTION OF RACES—
CIRCUMATANKCES FAVOURABLE 1Y) BELECTION RBY MAN—ANTIQUITY OP
CERTAIN RLACES—THE QUESTION WHETHER EACH PARTICULAR VARIATION
HAS BEEN SPECTALLY 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 succeed 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
ghould be domesticated it must be fertile under changed con-
ditions of life, and this is far from being always the case. An
animal wounld not have been worth the labour of domestica-
tion, at least during early times, unless of gervice 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 not prevented their domestication. Stiil less
could man have foreseen whether his animais 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 whht purpose they ara
kept, whether as food for man or beast, for dranght or hunt-
ing, for clothing or mere pleasnre,—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 our domestic pro-
ductions have nundergone, chiefly by the number and amounnt
of difference between the races which have been formed, and
we can often clearly see why many and distinct races have
not been formed, namely, becanse slight successive variations
have not been steadily accnmnulated ; and such variations will
never be accumulated if an animal or plant be not closely
ohserved, much valued, and kept in large numbers.

The fluctuating, and, as far as we can judge, never-ending
yariability of our domesticated productions,—the plasticity of
almost their whole organisation,—is one of the most important
Jessons 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. geogmphi.cal. and climatal
changes to which the world has been subject; but domes-
ticated productions will often have been ?xposcd to moro
udden changes and fo less continuously uniform conditions.
As man has domesticated so many animals and plants be-
longing to widely diﬂ'e_ren? classes, and as he ce.rtainly did not
choose with prophetic instinct these species thxc!: would vary
most, we may infer that all natural species, if exposed to

voL. It 2p
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analogous conditions, would, on an average, vary to the same
degree. Few men at the present day will maintain that
animals and plants were created with a tendency to vary,
which long rewained dormant, in order that fanciers in after
ages might rear, for instance, curious breeds of the fowl,
pigeon, or canary-bird.

From several causes it is difficult to judge of the amount
of modification which our domestic productions have under-
gone. In some cases the primitive parent-stock has become
extinct; 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
puthors. A few individuals of one form would seldom per-
ranently 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 barbarous
times, when our animals were first domesticated, such care
would seldom have been taken.

There is good reason to believe in the.ease 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
heen 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 extinet, or are now unknown,
althongh formerly known. The assumption of so much
recent extinetion 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-allied 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 difficult
to judge accurately of the amount of change which our
domesticated productions have undergone, yet this can be
ascertained in the cases in which all the breeds are knowi
to be descended from a single species,—as with the pigeon,
duck, rabbit, and almost certainly with the fowl; and by the
aid of analogy this can be judged of to a certain extent with
domesticated animals descended from several wild stocks. It
is impossible to read the details given in the earlier chapters
and in many published works, or to visit our various ex-
hibitions, without being deeply impressed with the extreme
variability of our domesticated 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 species. In these unimportant
characters there is often a greater difference between the
breeds of the same 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,
toxture, form, &ec., of the hair, feathers, horns, and other
dermal appendages.

1t 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 oceipital foramen, atlas, and other cervical

vertebre. The whole shape of the brain, together with the
' 2'p 2
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skull, has been modified in Polish fowls; in other breeds of
the fowl the number of the vertebrw and the forms of the
rervical vertebree 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 wonderfil
differences in the stones of various fruits. In the Cucur-
hitaces 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, loguacity 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 differences cannot be accounted
for by descent from distinct wild types.

New characters may appear and old ones digappear at any
stage of development, being inherited at a corresponding
stage. We see this in the differcnce between the eggs, the
down on the chickens and the first plumage of the various
breeds 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-
oryology. 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
gox. These facts, and more especiaily the circumstance that
new characters seem to be partienlarly 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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It 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 Lo certain diseases, to the attacks of
purusites, and to the action of certain vegetable 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
throughont the winter, the proportion and nature of certain
chemical compounds in the tissues or seeds, all vary.

There is, however, one important constitutional differemce
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 distinet domestic races, with the exception of a very
fow plants, when similarly crossed. It is certainly a most
remarkable fact that many closely-allied species, which in
appearance differ 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 tertile, and yicld perfectly
fortile offspring. But this fact is not in reality so inexplicable
as it at first appears. In the first place, it was clearly shown
in the nineteenth chapter that the sterility of crossed species
does not depend chiefly on differences in their external strue
ture or general constitution, but on differences in the repre
ductive system, analogous to those which cause the lessenea
fertility of theillegitimate 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
numped and Furopean 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 & manner as to
be mutunally 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 be as 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 exert an especial and powerful influence
on the reproductive system. Hence this difference may well
acconnt 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
races can be suddenly transported from one climate to
another, or placed under widely different conditions, and yet
retain in most cases their fertility unimpaired; whilst a
multitude of species subjected to lesser changes are rendered
incapable of breeding.

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 aften partake in the same
unequal degree of the characters of their parents, one of
which is often prepotent over the other; and they are liable
to reversion of the same kind. By successive crosses one
species may be made to absorb 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 both. Varieties can be
classed in groups under groups, like species under genera, and
these under families and orders; and the classification may
be either artificial —that is, founded on any arbitrary cha-
racter,—or natural. With varieties a natural classification
is certainly founded, and with species is apparently founded,
on community of deseent, 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 undergone, modification by man’s methodical
or unconscious selection,

Domestic varieties as a general rule certainly differ from
one another in less important parts than do species; and
when important differcnces occur, 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 orgauns ;
nor does he regard them as long as they are compatible with
health and life. What does the breeder care about any
slight change in the molar teeth of his pigs, or for an 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 accumujation 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
svules? As important internal organs are certainly linble
to numerous slight variations, and as these would probably
bé 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
jmportant part, he has generally done so unintentionally,
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 wesophagus, and has added to the number of the
ribg, 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 mandiblé; 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 & 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 necessary; 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-monstrons
character, as amongst dogs, the Italian greyhound, bulldog,
Blenheim spaniel, and bloodhound,—some breeds of cattle
and pigs,—several brecds 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 eonugated skin round the lmw
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 Carpophaga oceanica.

Some authors have drawn a wide distinction between
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artificial and natural breeds; although in extreme cases the
distinction is plain, in many other cases it is arbitrary; the
difference depending chiefly on the kind of selection which
has been applied. Artificial breeds are those which have
been intentionally improved by man; they frequently have
an unnatural appearance, and are especially liable to lose
their characters through 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 mnatural selection, for animals kept
in semi-civilized countries 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 & much more important distinction between our
goveral breeds, namely, in some having originated from a
strongly-marked or semi-monstrous deviation of structure,
which, however, may subsequently have been augmented
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, &e., 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. (n the other hand, it is certain that the
ancon and mauchamp breeds of sheep, and almost certain
that the miata cattle, turnspit, and png-dogs, jumper and
frizzled fowls, short-faced tumbler pigeons, hook-billed ducks,
&e., suddenly appeared in nearly the same state as we now
sce them. So it has been with many cultivated plants. The
frequency of these cases is likely to lead to the false helief
that natural species have often originated in the same abrupt
manper. But we have no evidence of the appearance, or at
least of the continued procreation, under nature, of abrup
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modifications 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 racehorse, 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 simultancous. Many
variations, however, are from the first connected by the law of
correlation. Hence it follows that even closely-allied species
rarely or never differ from one another by one character
alone ; and the same remark is to a certain extent applicable
to domez.txc races; for these, if they differ much, generally
differ in many 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 such incessant doubts whether
they were descended from one or several species. The groy-
hound genus, if such a term may be used, cannot be closely
connected with any other breed, unless, perhaps, we go back to
the ancient BEgyptian monuments. Our English bulldog also
forms a very distinet breed. In all these cases crossed breeds
must of course be excluded, for distinct natural species can
thus be likewise conneeted. By what links can the Cochin
fowl be closely united with others? By archmg for breeds
still preserved in distant lands, and by going back to
historieal records, tumbler-pigeons, carriers, and barbs can
be closely connected with the parent rock-pigeon; but we

1 Godron, * De 'Espica,’ 1859, tom. ii. p. 44, &e.
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cannot thns connect the turbit or the pouter. The degree
of distinctness between the varions domestic breeds depends
on the amount of modification which they have undergone,
and more especially on the neglect and final extinetion 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 cerfain extent. It would be opposed fo all the principles
inculeated in this work, if domestic animals, when exposed
to 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 anthors that the
amonnt of variation to which onr 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
gheep, and pigs have varied under domestication from the
remotest period, as shown by the researches of Riltimeyer
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 Proc Linn. Soc.,,” 1858, vol. iii. p. 60,
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is one of the most anciently cultivated plants, yet at the
present day new and befter varieties frequently arise. It
may be that an ox will never be produced of larger size and
finer proportions, or a racchorse fleeter, than our present
animals, or a guoseberry larger than the London variety ;
but he would be a bold man who would asserv that the
axtreme limit in these respects has been finally attained.
With flowers and fruit it has repeatedly been asserted that
periection 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 some of
the best judges deny that the goal has yet been reached,
From reasons which conld 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 those of any natural species
of the same genera; and so in many other cases.

It is mot surprising, seeing the great difference between
many domestic breeds, that some few uaturalists .hnvo Con-
_cluded that each is descended from a distinet aboriginal stock,
more especially as the principle of selection has been ignored,

8 ¢The Quarterly Journal of Science,’ Oct. 1867, p. 456,



Ciar. XXVIIL CONCLUDING REMARKS. 413

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, althongh they do not
know much about the art of breeding, cannot show the
connecting links, nor say where and when the breeds arose.
Yet these same naturalists declare, with an. air of philo-
gophical caution, that they will never admit that one nataral
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 set 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 canses 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 a#s 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-
genitors. 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
parental characters. Changed conditions also aect 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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indefinitely, causing diversified variations in nearly the
same 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 seo 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 to their increased deveiopment. Disuse has a contrary
effect. 'With domesticated productions, although 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 struggle 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, it is 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
stimnlus of widely extending their toes; but it is more pro-
Lable that the webbing, like the membrane between the toes
of certain pigeons, spontanconsly appeared and.was afterwards
increased by the best swimmers and the best snow-travellers
being preserved during many generations. A fancier who
wishel to decrease the size of his bantams or tumbler-pigeons
would never think of starving them, but would select the
smallest individuals which spontaneously 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 cuuses 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 governing variability, that of correlation is
one of the mostimportant. In many cases of slight deviations
of structure 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
—nbetween 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 wonld be eminently
tiable 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 direetly or indirectly
caused by some change in the smrounding conditions, we
snust never forget that the nature of the organisation which
is acted on, i8 by far the more important factor in the result.
We see this in different organisms, which when placed under
gimilar conditions vary in o different manner, whilst closely
allied organisms under dissimilar conditions often vary in
nearly the same manner. We see this, in the same modifica-
tior. frequently reappearing in the same 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 these latter cascs are due to reversion, others cannot thus
be accounted 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 cause the individuals of the same species either to vary
in the same manner, or differently in accordance with slight
differences in their constitution—from the effects of the in-
creased or decreased use of parts—and from correlation,—
the variability of ourdomesticated productions is complicated
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 rareiy trace the precise relation between canse
and effect, that we are tempted to speak of variatious as if
they arose spontanconsly.” We may even call them accidental,
but this must be only in the sense in which we say that
a fragment of rock dropped from a height owes its shape to
accident.

It may be worth while briefly to consider the result of the
exposure to unnatural conditions of a Jarge number of animals
of the same species and allowed to cross freely with no
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 maaner as pigeons usually
are; and that they were not allowed to increase in number,
As pigeons propagate so rapidly, I suppose that a thousand
or fifteen hundred birds would have to be annnally killed.
After several generations had been thus reared, we may
feel sure that some of the young birds would vary, and
the variations wonld 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 oceur 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, us
well as the number and breadth of the ribs, in correlation
with the size and form of the body—the number of the
scutellae 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, scapul® and feet, would in consequence
become slightly reduced in size.

As in our assumed case many birds have to be indiserimi-
nately killed every year, the chances are against any new
variety aurviving long enough to*breed. And as the varia-
tions which arise are of an extremely diversified nature, the
chunces are yery great against two birds pairing which have
varied in the same manuer; 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 cansed 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 wonld 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, Bub there “unld not be the least tendency towards
the formation of sevoral distinet breeds.

If two separate lots of pigeons were treated in the manner
just described, one in England and the other in a tropical

VL. 11, 3e
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eountry, 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
breeds of cattle, sheep, &e., in almost every district of Europe,
we are strongly inclined to admit that the two lots wonld 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, T
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 onr
European birds.

If two distinet breeds were mingled together in equal
numbers, there is reason to suspect that they wonld 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 oc-
curred. From certain breeds being prepotent over others, it
does not follow that the interblended progeny would be strictly
intermediate in character. I have, also, proved that the act
of crossing in itself gives a strong tendency to reversion, so
that the crossed offspring would tend to revert to tho state
of the aboriginal rock-pigeon ; and in the course of time they
would probably be not much rore heterogencous in character
than in our first case, when birds of the same breed wers
confined together. :

T have just said that the crossed offspring would gain in
vigour and fertility. From the facts given in the seventeentlh
chapter there can be no doubt of this fact; and there can ba
little doubt, though the evidence on this head is not 5o easily
acquired, that long-continued close interbreeding leads to evil
results.  With hermaphrodites of all kinds, if the sexual elo-
ments of the same individual habitually acted on each other,
the closest possible interbreeding wonld be perpetual, But
we should bear in mind that the structure of ail herma.
phrodite animals as far as I can learn, permits and fro
guently necessitates a cross with a disunct individual. With



Ciar, XX VIIL CONCLUDING REMARES. 419

hermaphrodite plants we incessantly meet with elaborate and
perfect contrivances for this same end. It is no exagge-
ration 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 distinet plant. From
these various considerations, not to mention the result of a
long scries 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 individuals—must be admitted.

To return to onr illustration: we have hitherto assymed
that the birds were kept down to the same number by indis-
criminate slanghter; 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 continunally preserving the most
strongly marked individuals, to increase the amount of differ-
ence up to a high, predetermined standard of excellence,
This is methodical selection.

If the owner of the aviary, without any thought of making
a new breed, simply admired, for instance, short-beaked more
than long-beaked birds, he would, when he had to reduce the
number, generally kill the latter; and there can be no doubt
that 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 wonld prefer exactly the
same characters; they would, as we know, often prefer
directly opposite characters, and the two lots would witi-
mately come to differ, This has actually oceurred witn
straing 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 sub-
breeds, This unconscious kind of selection will more espe-
cially come into action with animals which are highly service-

23
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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
good qualities to their offspring. Nor is any one so careless
as to breed from his worst animals. Even savages, when
compelled from extreme want fo kill some of their animals,
would destroy the worst and preserve the 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. y

The different strains, just allnded 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 erossing 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 gtruc-
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 circnmstances, natural selec-
tion will have played a more important part. Hence it
probably is that they often closely resemble natural species,

As there is no limit to man’s desire to possess animals ang
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
fow individuals of any breed exist within the same locality,
close interbreeding, by lessening their vigour and fertility,
aids in their final extinction. Thus the intermediate links
are lost, and 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 mnknown at the present day ; and at least one variety of
** the bullock, formerly known in Egypt, has in like manner
“ become extinct.” So it has been with some animals and
with several plants cultivated by the ancient inhabitants ?f
Europe during the neolithie peri.od. In Peru, Von Tschudi®
fonnd in wrtain tOmlm' npparently Prior 10 the dy'na,sty 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
breeds at an extraordinarily rapid rate; as has recently occurred
throughout England with pigs. The Long-horn cattle in
their native home wera suddenly swept away as if by som70
“ murderous pestilence,” by the introduction of Short-horns.

¢ M. Rufz de Lavison, in ¢ Bull. Soe, p. 177.

Imp. d*Acelimat.,” Dee, 1862, p. 1009, * Youatt on Cattle, 1834, p- 290'
® ¢ Races of Man,’ 1850, p, 315. On Pigs, see ‘ Gard, Chronicle,’ 1854,
¢ “Travels in Pern,’ Eng, Transiat,,  p. 410,
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What grand results have followed from the long-continued
action of methodical and unconscious gelection, regulated to a
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
state. Most of our domesticated animals have given rise to
. numerous and distinet 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 asophagus 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 nffans necessary
that each small change of structure throughout the body,
leading towards excellence, should simultancously arise and
be sclected. 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 effected is perhaps
afforded by the fact that whatever part or quality in any
animal, and more especially in any plant, is most valued by
man, that part or quality differs most in the several races,
This result is well seen by comparing the amount of difference
hetween the fruits produced by the several varieties of fruit-
trees, botween the flowers of our flower-garden plants, between
the seeds, roots, or leaves of our culinary and agricultura]
plants, in comparison with the other and not valued pmjs of
the same varieties, Striking evidence of a different kind ig
afforded by the fact ascertained by Oswald Heer,® namely,
that the sceds of a large number of plants,—wheat, barley,

8 ¢ Die Pllanzen der Piahibauten,” 1865,
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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 varietics. Riitimeyer
has showu that the sheep and cattle which were kept by the
earlier Lake-inhabitants were likewise smaller than our
present breeds. In the middens of Denmark, the earliest dog
of which the remains have been found was the weakest; this
was succeeded during the Bronze age by a stronger kind, and
this again during the Iron age by one still stronger. The
sheep of Denmark duoring 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 itis not probable that
each larger breed, which in the course of time has supplanted
a previous and smaller breed, was the descendant of a distinct
and larger species; it js far more probable that the domestic
races of our various animals were gradually improved in
Qifforent parts of the great Europwo-Asiatic continent, and
thence spreadsto other countries. This fact of the gradual
increase in sizo of our domestic animals is all the more
striking as certain wild or half-wild animals, such as red-
decr, 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-
severance,—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 ocourrence 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 he
auglmcntcd by the sclection of successive variations of the
gamo kind, this can be effected only during a long scries of
generations.  Length of time will, also, allow any new
feature to become fixed by the continned rejection of those

* Morlot, *Soc. Vaund, des Scien. ® Qitimeyer, *‘Die Favaa der
Nat. Mars, 1860, p. 208, Plahlbanten,’ 1881, 5 30,
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individuals which revert or vary, and by the preservation of
thuse which still inherit the new character. Hence, although
some few animals have varied rapidly in certain respects
under new conditions oflife, as dogs in India and sheep in
the West Indies, yet all the animals and plauts which have
produced strongly marked races were domesticated at un
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 widel ¥, it gives rise to new strains and sub-
breeds, and the best of these suceeed and gpread, 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 farther 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 is fignred on the ancient Egyptian
monuments—with the solid-hoofed swine! mentioned by
Aristotle—with five-toed fowls described by Columella—and
c:értaiuly with the nectarine. The dogs represented on the
Egyptian monuments, about 2000 B.c., show us that some of
the chief breeds then existed, but it is extremely doubtful
whether any are identically the same with our present breeds,
A great mastiff sculptured on an Assyrian tomb, 640 B,c,, is

I Godron, *De I'Espee,” tom, i, 1859, p, 868,
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eaid 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 oocurred 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 stafes that the black seeded poppy was
known in the time of Homer, the white-seeded sesamum by
the ancient Egyptians, and almonds with sweet and bitter
kernels by the Hebrews; but it does not seem improbable
that some of these varieties may have heen lost and reap-

ared. 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

gaid 13 that *specimens of & small variety of gourd which is
"« gtill common in the market of Lima were exhumed from an
“« ancient cemetery in Pern.” 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 these 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 distinet genera and orders within the same great
class— for instance, manumals, birds, reptiles, and fishes—ara

3 hie Botan,' 1855, p. W “Journal of a Horticultural
981; ¢ Géograp ’ t Tour,” by a Deputation of the Cales
1 Pickering, ‘Races of Man," donian Hist. Soc., 1823, p. 293.

1850, 5. 318.
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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. DButour 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-
ditigns of life has been preserved, whilst each which was in
any way injurious has been rigorously destroyed. And the
long-continued accumulation 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 stoue, 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 aunthors have declared that natural selection explaing -
nothing, unless the precise cause of each 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, &e. ; and
if the use of each part and of the whole building were pointed
out, it wonld be unreasonahble if he declared that nothing had
been made clear to him, because the precise cause or the shaps
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of each fragment could not be told. But this is a nearly
parallel case with the objection that selcetion explains nothing,
because 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-
cipicemay be called accidental, but thisis not strictly correct;
for the shape of each depends on along 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 denudation, and lastly
on the storm or earthquake which throws down the fragments.
But in regard to the use to which the fragments may be put,
their shape may be strictly said to be accidental. And here
we are led to face a great difficulty, in alluding to which Tam
aware that I am travelling beyond my proper province. An
omniscient Creator must have foreseen every consequence
which results from the laws imposed by Him. But can it be
reasonably maintained that the Creator intentionally ordered,
if we use 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 Jaws 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-
mestic animals and plants ; — many of these variations being
of no service to man, and not beneficisl, far more often inju-
rious, to the creatures themselves? Did He ordain that the
crop and tail-feathers of the pigeon ghould 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
brutal 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 tke result of the
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same general laws, which have been the groundwork through
natural sclection 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
« yariation 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 prcorda.ine.d. then that plasticity of organisation,
which leads to many injurions deviations of structure, as well
as the redundant power of reproduction 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-
soes 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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orange group, i. 3995; distinctions
of nlmond and peach, i. 358; Dri-
tish species of Rosa, §. 390; ilentity
of Viola lutea and tricolor, i, 392,

Berberis vulgaris, i. 410, i. 462,

Berberis wallichit, indifference of] to cli-
muste, 7. 148,

Beryzav, on the history of the dog, i.
17, 18.

Bengziey, G. F., production of hen-
cocks in a strain of game-fowls, i
245, :

BrpkELEY, M. J.. cressing of varieties
of the pes, i, 424 ; effect of foreign
pollen on grapes, i. 430; on hybrid
plants, i, 112; analogy between
pollen of highly-cultivated plants
and hybrids, . 256; on Hungarian
Kiduney-beans, if. 265; fallure of In-
dian wheat in England, ii. 207,

BERNARD, inheritance of disease in the
horse, i, 455,

Berxarp, C., independence of the or-
gans of the body, 1. 364; specinl
affinities of the tissues, i, 575,

BruNuArpy, varieties of plants with
Inciniated leaves, ji. 341,

DBerniola antarctica, 1, 303,

BERTERO, on feral pigeons in Juan Fer-
nandez, i. 200,

Betula alba, i. 461,

Bewick, on the British wild cattle, i
87.

Braxcoxy, Prof., on the skulls of dogs,
i. 35,

BroLg, reference to braeding studs of
horsesin, i, 57 ; references to domes-
tic pigeons in the,i. 214 ; indications
of selection of sheep in the, ii. 186 ;
notice of mules in lge.. aid,

BrowgLn, Mr., on self-impotence in
Amaryllis, i, 120,

Bigitonia, self-sterility of, ii. 117.

Brne, weeping, i 413, 461,

<amait, D, 8, on the ancient domesti-

cation of the pigeon in Egypt, &
2143 notice of bantam fowils in a
Japanese encyclopadii, i, 241, 259,

Biren, WYRLEY, on silver-grey rabbits,
i 113, 114,

Binrps, sterility causad in, by change of
conditions, il. 1365<141.

BLADDER-NUT, tendency of the, to be-
come double, ii, 152,

Bramse, Mr,, on wry-legged terriers,
i 232,

Braixvinie, origin and history of the
dog, i, 15-17; variations in the
number of teeth in dogs, i 363
variations in the number of toes in
dogs, i. 37; on mummies of cats, i,
45; on the osteology of solid-hoofed
Ppigs, i. 78; on feral Patagonian and
N. American pigs, i. 80

“ Brass-Taupe,” i, 163,

BLEEDING, hereditary, i. 4525 sexual
limitation of excessive, ii. 48,

Brexpixg of crossed races, time oevu-
pied by the, ii. 6£,

Brixosess, hereditary, i. 4545 at a
certain age, il. 54 ; associated with
colour of hair, §i. 322,

SLOODHOUNDS, degencration of, caused
by interbreeding, ii. 100,

Brusexpaci, on the protuberancs of
the skull in Polish fowls, i. 264 ; on
the effect of circumcision, i, 4873
inheritance of o crooked finger, i,
4695 on badger-dogs and other
varicties of the dog, . 205; on
Hydeo, 31, 283 5 on the “ nisus forma~
tivas,” il 284,

Brytu, E, on the pariah dog, i. 25;
hybrids of dbg and jackal, i. 33;
early domestication of cats in Indin,
i. 455 origin of domestic ont, 1. 463
crossing of domestic and wild cats,
ibid.; on Indinn cats resembling Felis
chaus, i. 47; on striped Burmese
ponies, i. 61; on the stripes of the
nss, i, 65 3 on Indian wild pigs, i. 693
on humped eattle, i, 835 occurrence
of Bos fromtoses in Irish crannoges,
i, 85 ; fertile crossing of zebus and
common cattle, i. 86; on the species
of sheep, i. 97 ; on the fat-tailed Inding
sheep, i. 99; origin of the gont, §
103 on rabbits breeling in lodis §
115 ; number of tail-taathers in e
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tails, k. 153 ; Lotan tumbler pigeons,
i. 157 ; number of tail-feathers in
Ectupistes, §. 673 on Colwmba afinis,
i. 192; pigeons roasting in trees, i
100: on Cofumba lewconola, i. 1813
on Columba intermedia of Strickland,
1, 193; varintion in colour of croup
in pigeons, i. 103, 194, 206 ; volun-
domestication of rock-pigeons in
Indis, i. 194; feral pigeons on the
Hudson, i, 200; occurrence of sub-
specics of pigeons, L 214 ; notice of
pigeon-fanciers in Delhi, &, L 2153
hy%)rids of Gallus sonnieratii and the
domestic hen, . 245 supposed hy-
bridity of Gallus temminchii, i. 2463
variations and domestication of Gal-
lus bankiva, L 247, 248; crossing of
wild and tame fowls in Burmah, L
948 restricted range of the larger
allinaceous bivds, i. 2495 feral fowls
in the Nicobar Islands, i. 249 ; black-
skinned fowls occurring mear Cal-
cutta, i 2693 weight of Gallus ban-
Liva, i. 2803 dogeneration of the
turkey in India, i. 310, ii, 267; on
the colour of gold-fish, i. 3123 re-
version from a cross, i 15; on the
Ghor-Khur (Asinus indicus), 1. 175
on Asinus Aemionus, ii. 17 ; number
of egzs of Gallus bankioa, il. 905 on
the breeding of birds in captivity, ii.
140; co-existence of large and small
breeds in the same country, il. 2683
on the drooping cars of the clephant,
§i. 2913 homology of leg and wing
thers, i 513.
Bofgmurss'on Seoteh wild cattle, i 88,
BOITARD and Corbié, on the brcpdn of
pigeons, i.198; Lille pouter pigeon,
j. 145; notice of n gliding pigeon, 1.
164 ; variety of the ponter pigeon, i
170; dove-cot pigeon, i. 104 cross-
ing  pigeons, i 202, il 75, 107;
steriliby of hybrids of turtle-doves, 1.
209 4 reversion of crossed pigeons, i.
207, ii. 145 o8 the fantag]. i 218, iu
42; on the trumpeter; 1. 423 pre-
tency of transmission silky fan-
{:n i, 42, 443 socondary sexuanl
ﬂh,;““ﬁ in pigeons, ii. 50; cross-
fug of white aod onlunrqd lurtlso
doves, it 703 fertility of pigeons, i

91, .

Bouuyeip®, wingless females of, ii.
289,

Bomhyz hesperns, il 294,

Bombyx hutton, i. 318.

Fombyx mori, i 317=321.

BONAFOUS, on maize, i. 338, 339.

BONAPARTE, number of species of
Columbide, i. 139; nomber of tail-
feathérs in pigeons, i. 1673 size of
the feet in Columbide, i, 1835 on
Columba  guinea, i 192; Columba
tvgr:;ravla, rupestris and schimperiy i
193,

Bonatea speciosa, development of ovary
of, L. 434,

BoxAvia, Dr., gmowth of cauliflqwers
in India, i, 501

Boxer, Mr., semi-feral sheep, ii. 5.

Boxes, removal of portions of, il. 2863
regeneration of, ii. 284 ; growth and
repair of, ii. 377,

Boxizz1, on pigeons, i. 138, 170.

Boxxer, on the salamander, ii. 907,
885 theory of reproduction, ii. 551,
370,

BORCHAMEYER, experiments with the
soeds of the weeping ash, i, 462,

BorEcoLE, i. 341.

BoreLit, on Polish fowls, i. 260,

Borxeo, fowls of, with tail-bands, i
246,

Borxer, E., condition of the ovary in
hybrid Cisti, i, 415; self-impotence
of hybrid Cisti, ii. 122,

Dorrow, G., on pointers, i. 44.

BoRy DE SAINT-VINCENT, on gold-fish,
i, 513,

Bos, probable erigin of Europesn do-
mestic cattle from three species of,
i. 86.

Baos fronfosis, i. 85,

Dos indicus, i, 82.

Bos longifrons. i, 83, 85, 86.

Bos primigenius, i, 83-84, 86, ii. 88,

Bos sondaicns, ii, 191,

Bos taurus, i. 82.

Bos trochooeros, i. 85.

Boso; heredity in foliage-varieties of the
elm, i. 385,

Bossk, production of double flowers
from old seed, i, 151,

Bosst, on breeding dark-coloured silke
worms, 1. 319,

BosuAy, on dogs of Guinea, i, 40,

2F 2
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BovcHARDAT, on the vine disease, i
354,

BouDIN, on local diseases, ii. 266; re-
sistance to cold of dark-complexioned
men, ii. 329,

S BovLaxs” i 1438,

“ Boutoy d'Alep,” ii, 266,

BOWEX, Prof., doubts as to the import-
ance of inheritance, i. 446,

BOWMAN, Mr., hereditary peculiarities
in the human eye, i. 452454 ; here-
ditary cataract, ii. 56,

BRrACE, Mr,, on Hungarian cattle, i. 84,

Brachycome iheridifelia, ii. 249.

BrACTS, unusual development of, in
gooseberrics, i. 377,

BRADLEY, Mr., effect of grafts upon the
stock i the ash, i, 418; effect of
foreign pollen upon apples, i. 432;
on change of soil, ii. 128,

“BrAnyA Pootras,” a new breed of
fowls, i. 258,

Braty, proportion of, in hares and
rabbits, i. 130-134,

BrAXDT, Dr., origin of the goat, i.105;
corralation of teeth and hair, ii, 321,

Brassion, varieties of, with cnlarged
stems, ii. 841.

Brassica asperifolia, ii. 835.

Drassica napus, i. 344,

Drassica oleracea, 1. 341,

TBrassica rapa, i. 844, il 148,

Bravx, Al bud-variation in the vine,
i. 400; in the currant, id.; in
AMirabilis jalapa, i. 407 ; in Cytisus
adami, i. 413; on reversion in the
foliage of trees, i. 408 ; spontaneous
production of Cytisus purpureo-elon-
gatus, i. 416 ; reversion of flowers
by stripes and blotches, i, 11; ox-
cess ol} nourishment n source of
varinbility, ii, 244,

BRrazIy, cattle of, i. 92.

BREAD-FRULT, varicties of) ii. 243} ste-
rility and varinbility of, il. 256.

Breg, W.T., bud-variation in G éranium
pratense and Centaurea cyarus, i. 404 ;
by tubers in the dahlia, L 411 : on the
deafness of white cats with blue oyes,
ii. 322

Breenixe, high, dependent on inheri-
tance, i, 446, 447,

Breeos, domestic, persistency of, i3, 233,
423, 424 ; artificinl and naturadedi,

409, 410; extinction of, it 421; of
domestic cats, L. 47-49; of pigs
duced by crossing i. 82 ; of cattle, i
90, 94-97 ; of gosts, i. 105,

Breny, on Columba amaluz, i. 192.
BrexT, B. P, number of mamme in

rabbits, L. 1103 habits of the tumbler
pigeon, i. 158; Laugher pigeon, L 1633
colouring of the kite tumbler, i. 160 ;
crossing of the pigeon with Columba
anas, i. 202 ; mongrels of the trum-

eter pigeon, ii. 425 close interbreed-
ing of pigeons, ii. 106; opinion on
Aldrovandi's fowls, i, 259 ; on stripes
in chickens, i. 262; on the combs of
fowls, i, 266; double-spurred Dorking
fowls, i. 267; effect of crossing on
colour of plumage in Towls, & 270;
incubatory instinet of mongrels be-
tween non-setting varieties of fowls,
ii. 18; origin of the domestic duck,
i. 201 ; fertility of the hook-billed
duck, d.; occurrence of the plu-
mage of the wild duck in domestie
breeds, i. 294 ; voice of ducks, i, 295;
occurrence of a short upper mandible
in crosses of hook-billed and common
ducks, id.; reversion in ducks pro-
duced by crossing, ii. 14 ; variation of
the canary-bird, i. 311; fiashion in
the canary, ii. 226 ; hybrids of canary |
and finches, it 20.

BRICKELL, on raising nectarines from

seed, £ 360 ; on the horses of North
Carolina, 3. 200,

BrimaEes, Mr., on the dogs of Tierra del
Fuego, i. 41; on the selection of degs
by the Fuegians, ii. 191,

Briopeyax, W. K., reproduction of ab-
normal ferns, i. 408,

Broca, P., on the intercrossing of dogs,
i. 32, 85; on hybrids of hare and
rabbit, i, 1093 on the rumpless fowl,
L 271; on the charncter of half-
castes, ii, 21 ; degree of fertility of
mongrels, ii, 78 ; sterility of descend-
ants of wild animals bred in cap-
tivity, i, 143,

BrooooLt, i, 341 ; rudimentary flowera
in, ii. 807 ; tenderness of, ii. 30L

BroMeuzan, W,, doubling of the Can-
terbury Bell by selection, ii, 185,

BroomrieLn, Dr,, sterility of the ivy
and “lcorus calamus, 1054,
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DBUXTON.

Bromus secalinns, i. 331,

Broxy, H. G., bud variation in Anthe-
mis, 1. 404 ; effects of cross-breeding
on the female, i 436; on heredity
in a one-horned cow, i. 456§ propa-
gation of a pendulous peach by seed,
i. £61 5 absorption of the minority in
crossed racey, il. 655 on the crossing
of horses,sii. 70; fertility of tame
rabbits and sheep, ii. 90 ; changes of
plumage in captivity, ii. 141; on the
dahlia, ii. 249.

BrONZE period, dog of, 1. 19.

Drows, C, M., prepotency of n grey-
hound, ii. 40.

Browx, G., variations in the dentition
of the horsg, 1. 52,

BrowN-SEQUARD, Dr., inheritance of
artifigially-produced opilopsy in the
guinen-pig, L 468; inhented effects
of injuries, bid.

Brunswigia, il. 121,

BRUSSELS sprouts, i. 841, ii. 425.

Bubo macimus, i, 137,

Buesrasn, F., on oysters, ii. 2705 num-
ber of eges in a codfish, ii. 373.

Burokre, Mr., doubts as to the impcr-
tance of inheritance, i, 446,

BUCKLEY, Miss, carrier-pigeons roosting
in trees, i. 190,

Bucgatax, Prof, cultivation of Avera
Jata, i. 3303 cultivation of the wild
parsnip, i, 344, i, 185, 267 ; rever-
sion in the parsnip, ii. 4.

BUCKWHEAT, injurious when in flower
to white pigs, ii. 831,

Bup and seed, close analogy of, L
444,

Bun-nEvERSION, i 10.

BuDs, adventitious, ii. 381,

BUD-VARIATION, i 397444, ii. 242,
278, 279, 281 ; contrasted with semi-
pal reproduction, i. 397 ; peculiar to
plants, i. 398 ; in the peach, i. 360,
$98; in plums, i. 899 in the cherry,
#id. ; in grapes, did. ; in the goose-
berry and currant, i 400; pear and
apple, i, 401 ; and in the banana, ca-
mellia, hawthorn, Azala indica, and
Paritiem tricuspis, i. 4023 in the
holivhock and pelargonium, b, ;
in Geranium pratenss and the chry-
sanihiomum, i. 404 in roses, i. 390,
404—306; in sweot williams, carna-

tions, pinks, stocks, sud snapdragons,

i. 406, 407 ; in wall-flowers, cycla-
men, Enothera biennis, Gladiolus
coleillit, fuchsins, and Mirabilis jalapa,
i 407 ; in folinge of various trees, i.
408; cryptogamic plants, #id. ; by
suckers in Phlox and barberry, 1. 4103
by tubers in the potato, ibid. ; in the
dahlia, i. 411; by bulbs in hyacinths,
Jmatophylium miniatum, and tulips,
thid. ; in Tiyridia conchiflora, i. 4125
In Hemerocalles, bid. ; doubtful cases,
i 412-413 ; in Cytisus adami, i. 415~
4165 summary of observations on,

Burrox, on crossing the welf and dog,
i. 82 increase of fertility by domes-
tication, ii. 89; improvement of
plants by unconscious selection, i
200 ; theory of reproduction, ii. 370,

Bulimus, ii, 8.

Burl, apparent influence of, on off-
spring, ii. 44,

BuLLAce, 1. 866,

BULLDOG, de§enemt]on of, in Indin,1.39;
rocent modificutions of) i. 44,

Buirwixon, breeding in captivity, ii
157 ; attacking flower-buds, ii. 217.

Burr, Mr., on the length of pouter
pigeons, i. 218,

% BUSDINERSCHWETN,” i. 70.

BUNTING, reed, in captivity, ii. 141,

BurpacH, crossing olP domestic and wild
animals, i. 693 aversion of the wild
boar to barley, ii, 203,

Burke, Mr., inheritance in the horse, i.
455.

Burlingtonia, ii. 116,

Burman, cats of] i. 49,

BURMESE ponies, striped, i, 61.

BURNES, Sir A., on the Karakool sheep,
i. 102, ii. 268; varieties of the vine
in Cabool, i. 353 ; bawks, trainel in
Scinde, il 1363 pomegranates pro-
ducing seed, ii, 152,

BURre; FEARING, potato-grafting, i. 422,

Bourtox CoxsranLe, wild cattie at, i. 88,

“ BURZBL-TAUREN,” i 156,

Bussonan carrier, i, 148,

Buteo vulgaris, copulation of, in captive
ity, ii. 187,

BurTsrrLies, polymorphie, i, 304,

BrxroxN, My, parrots breeding in Ner
“folk, ii. 198
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BuzAREINGUES, G1ROU DE, inheritance
of tricks, i. 450,

CABAXIS, peats grafted on the quince,
il 246.

CapBAGE, §. 341-844; varieties of| i.
341; unity of character in flowers
and seeds of, i. 342; cultivated by
ancient Celts, dhid. ; classification of
varieties of, ibid. ; ready crossing of, i.
843, ii, 68, 76,110 ; origin of,i. 343
increased fertility of, when eculti-
vated, ii. 91; growth of, in tropical
countries, ii. 266,

CAnooy, vines of, i. 353,

CAEBRAT, on early cultivation in Brazil,
i. 829, :
Cacrug, growth of cochineal on, in

India, ii. 265.

Cas5AR, Bos primigenius wild in Enrope

in the time of, i. 84 ; notice of fowls

,in Britain, i. 2583 notice of the im-
portation of horses by the Celts, ii.
187,

Oarree fowls, i, 241,

Carrres, different kinds of cattle pos-

- sessed by the, i, 91, ‘

“ CLazas,” n breed of sheap, i. 99.

Cairina moschata, | 191, |

CALCEOLARTAS, 1. 3885 ii, 129 ; cffects
of seasonal conditions on, il. 263;

peloria ﬁo}q&,:iﬁ,‘iﬁz 8.

WELEL, J., sporting of sugar-cane,
1410, A o

“Caroxcos,” a Columbian breed of
cattle, i. 82,

CALvER, Mr., on a seedling peach pro-
ducing both peaches and nectarines,
i. 362,

CALYX, segments of the, convertad into
carpels, ii. 387,

CAl_\u;;x., its dislike to crossing water, &

90,

Camalliz, bud-variations in, i. 401; re-
cognition of varleties of, ii. 238 5 va-
riety in, hardiness of, ii. 289,

CaxgRoN, D., on the cultivation of
Alpine plants, ii. 147,

Cayeroxy, Baron, value of English
blood in racu-horses, i. 456,

Campanwia medium, it 185,

CANARY-D1RD, i. 511 ; conditions of in-
heritance in, i, 4653 hybrids of) ii.
205 period of perfect plumage in, ii.

53 ; diminished fertility of, ii. 1453
standard of perfection in, ii. 1793
analogous varintion in, 1i. 341.

Caxcer, heredity of, i. 452, ii. 56.

Caxrierp, Dr., on horses with curled
hair, i. 58 ; on feral horses in North
America, i. 64,

Caxixg teeth, development of the, in
mares, ii. 310, :

Canis alopex, i. 30.

Canis antarcticus, i. 20,

‘anis argentatus, ii. 134,

Canis anreus, i. 50.

Canis cancrivorus, domesticated and
erossed in Guiana, i 23;

Canis cinereo-variegatus, i, 30,

Canis fulvus, i. 80. .
Canis inge, the naked Peruvian dog,
. 24,

Canis latrans, i. 273 resemblance of, to
the Hare Indian dog, i. 22 ; one of the
original stocks, i, 20,

Canis lupaster, i. 25.

Canis lupus, var. occidentalis, resems
blance of, to North American dogs, i.
21; crossed with dogs, i. 233 one of
the original stocks, 1. 26.

Canis mesomelas, i. 26, 30,

Canis primavus, tamed by Mr. Hodgson,
i. 27,

Canis satbar, i. 25.

Canis simensis, possible original of grey-
hounds, i, 34.

Clnis thaleb, i. 30,

Canis variegatus, i. 30.

CAx¥ING, A, 8, G, the japanned pea-
cock, i. 305-307.

CaxTERBURY Bell, doubled by selection,
ii. 185,

CaPE of Good Hope, different kinds of
cattle at the, i. 91; no useful plants

_derived.from the, 1. 828.

CArERcainzis, breeding in captivity, ii.
139,

Capra agagrus and C. faloconeri, pro=
bable parents of domestic goat, i. 105,

Carsicun, i. 596.

CARDAN, on a variety of the walnut, i,
5793 on grafted walnuts, ii. 247,

CArpOON, ii. 7. y

Carvx rigida, local sterility of the, ii.
154,

CARLIER, early selection of sheep, ii.
188,
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CARLELE, Sir A, inheritance of pecu-
Liarities, i. 450, 4523 of polydacty-
Jism, 1. 4568,

“OARME” pigeon, i, 164,

CARXATION, bud-variation in, i. 4063
variability of, i. 394; striped, pro-
duced by crossing red and white, i

© 426 ; effect of conditions of life on the,
il 262,

CarxivoRra, general fertility of, in ecap-
tivity, il, 193,

CAROLINE Archipelago, cats of, i.

44,

CARP, ii. 222.

CanpeLs, variation of, in cultivated Cu-
curbitacem, i. 382,

CarpesTiR, W. B, regeneration of bone,
il 284; number of eggs it sn Ascaris,
i1, 873,

Carpinacs detulus, §i. 385.

Carpophaga oceanica, ii, 408,

Caltn, Mr,, effect of changed conditions,
ii. 94

CARRIER pigeon, i, 146-149; English,
il figured, i, 147; skull figured,
1. 1723 history of the, i, 221 ; Persian,
i. 148 ; Bussorah, itid. ; Bagadotten,
skull figured, i. 172; Jower jaw
figared, 1. 174

CARRIERE, origin of radish, i. 3455 in-
termediate form between the almond
and the peach i, 859 ; glandsof peach-
{eaves, i. 3643 bud-variation in the
vine, i, 398 ; bud-variation in the rose,
i. 406; inheéritanee in purple-leaved
trees, 1. 4713 on wvariation, i. 439,
441, 442 ; grafts of Arix vestita upon
thorns, L 413 ; variability of hybrids
of Erythrinag, . 253,

SarioT, wild, effects of enltivation on
the, i. 3454 revarsion in the, ii. 53
run wild, 1% 7 ; increased fertility of
cultivated, i, 91 5 experiments on the,
il 267 : acclimatisation of the, in
India, it 302,

Carthamus, abortion of the pappas in,

i 307.

Canrie. cultivation of native plants
in Cupada, i 329,

CARYOPIYLLACEE, frequency of conta-
bescence in the, ii. 149

CaspaRY, bud-varintion in the moss-
cosa, i, 4053 on the ovules and pollen
of Cytims L 4153 crossing of Cutisus

pw'?mmn and C. Jaburnum, i, 416

trifacinl orange, i. 418; diffecently-
coloured flowers in the wild Fiola
Iu'ea, i 440; sterility of the horse-
vadish, ii. 154,

CASTELNAU; on Brazilian cattle, i. 92,

CASTRATION, assumption of female cha-
racters caused by, ii. 26, 27,

Caswaring benneltdi, {i. 140,

CAT, domestic, i. 45-50; early domesti-
cation and probable origin of tke, i.
45, 46 ; intercrossing of, with wild
species, i. 46, 47 ; variations of, 1. 47~
49; feral, &. 49, ii. 6; anomalous, i.
503 polydactylism in, i. 458; black,
indications of stripes in young, ii, 3035
tortoiseshell, ii. 493 effects of crossing
in, ii. 63 ; fortility of. ii. 89 3 difficulty
of selection in, ii. 220, 222 ; length of
intestines in, ii, 292 ; white with blue
eyes, denfness of, i, 322 with tufted
ears, ii. 943,

CATARACT, horeditary, i. 453, ji. 56,4

CATERPILLARS, effect of changed food on,
ii. 270,

Catleva leopoldi, i. 431,

CarLiy, G., colour of feral horses in
North Ameriea, i. 64

Catox, Judge, wild turkey, il. 91,

CaTrLE, Enropean, their probable origin
from three original species, i. 82-853
humped, or zebus, i. 82; inters
crossing of, i. 86, 94, 97; wild, of
Chillingham, Hamilton, Chartley,
Burton Constable, and Gisburne, i
87, ii, 97; colour of feral, i. 88-89,
ii. 1803 British breeds of, 1. 90, 913
Soath African breeds of, i, 91; South
American breeds of) i, 92, §i. 1893
Ninta, i. 92, 04,1i. 100, 103, 352; effvcts
of food and climate on, i. 94; effects
of selaction on, i. 95, 96 ; Dutch-but-
tocked, i. 4527 hornless, production
of horns in, . 313; reversion in,
when crossed, ii. 15; wildness of
hybrid, il. 193 short-horned, prepos
tency of, il. 403 wild, influence of
crossing and segregation on, i, 63 3
crosses of, i, 74, 82, 80 ; of Falkland
Islands, if. 80; mutual fertility of all
varieties of, ii. 88; effects of inter~
breeding on, il. 86, 975 short-horn,
sterility of, il 07; effcctz of careful
selection on, §i. 178, 133 nakea, o1



CAULIFLOWER,

440

INDEX,

CHINA.

Columbin, . 1893 crossed with wild
banteng in Java, ii. 191; with re-
versed hair in Banda Oriental, ii.
190; sclection of trifling characters
ir, {i. 198 ; fashion in, i1 195 simi=
larity of best races of, ii. 227 ; uncon-
scious selection in, ii. 188 effects of
patural selection on anomalous breeds
of, ii. 211, 212; light-coloured, at-
tacked by flies, ii. 214, 830; Jersey,
rapid improvement of, it 220 ; effects
of disuse of parts in, ii. 2895 rudi-
mentary horns in, ii. 306 ; supposed
influence of humidity on the hair of,
ii. 318; white spots of, liable to
dizense, i, 331; supposed analogous
variation in, ii. 341; displacement
of long-horned by short-horned, ii.
421,

CAULIFLOWER, i. 841; free-seeding of,
in Indi, ii. 301 ; rudimentary flowers
in, ii. 306.

GAVALIER pigeon, ii. 75,

Cuarin aperea, ii. 134

CAY (Cebus azare), sterility of, in con-
finement, ii. 136,

Cebus arare, ii. 136,

Cecidomyia, larval development of, ii.
273, 853, 563 ; and Misoo smpus, i, 5.

CrpArs of Lebanon and Atlas, §. 387,

CRLERY, turnip-roated, i. 344 ; run wild,
it 7.

CELL-THEORY, ii., 396.

Celoséa oristata, i. 589.

Cp1sus, on the selection of seed-corn, i.
836, ii. 187,

CrLys, early cnltivation of the cabbage
by the. i.342; selection of cattle and
horses by ths, i, 187.

Cencirus, seeds of n, used as food, &
8286,

Centmurea cyanvs, budevariation in, i.

404

CEPIALOPODA, spermatophores of, i
379,

Cerasus padus, yellow-fruited, 1. 462,

Carcoloptes, sterility of, in captivity, ik
154,

Cercopithecns, breeding of a species of,
in eaptivity, ii. 136,

OEREALS, i. 329, 3305 of the Neolithic
period in Switzerland, i 335 ; adapta-
tion of, to soils, ii. 203,

Cereus, il 11.

Cerens speciosissimus and phyllanthss, re:
version in hybrids of, i. 425,

Cervus canadensis, i, 141,

Cerous dama, ii. §9.

CETACEA, correlation of dermal system
and teeth in the, ii. 321.

CEvLON, cats of, 1. 483 pigeon-fancying
in, i. ¥186.

Cu;a;wso, on soeding bread-fruit, ii.

o,

Cn&xxr.x. Islands, breads of eattle in, &

Cnapmarw, Professor, peach-trees pro-
during nectarines, L. 862,

Cuarcis, F., sexunal peculinrities in
pigeons, i. 170; effect produced by
first male upon the subsequent pro-
geny of the fomale, i 437 sterility
of the union of some pigeons, ii. 146,

CHARACTERS, fixity of, ii. 225; Iatent,
ff, 2-51, 393, 894; continued di-
vergence of, ii. 227 ; antagonistic, ii.
395.

CrARDIN, abundance of pigeons in Per-
sia, i 25,

CHARLEMAGNE, ordors ns to the selection
of stallions, ii. 187.

Crarrrey, wild cattle of, i. 88,

CHATE, reversion of the upper seeds in
the pods of stocks, ii. 340.

CItAUNDY, Mr., crossed varleties of cab-
bage, ii. 110.

CHEETAN, general storility of, in cap-
tivity, ii. 133

Cheiranthus cheiri, 1. 407,

CHERRIES, i, 368, 369 ; bud-variation 12,
i. 399; white Tartarian, ii. 2133
variety of, with earled petals, ii. 2183
period of vegetation of, changsd by
forcing, ii. 301,

CHEVREUL, on crossing fruit-trees, ii.
110, !

Ciickexs, differences in characters of, i
261, 2623 white, liablo to gapes, ik
213, 330,

Cn1oog, i, 265.

CiiLe, sheep of, i. 99.

CHiLLISGANM cattle, identical with Bos
primigenius, 1, 84 ; characters of, i. 87

CiILoE, half-castes of, ii. 21

Cnxa, eats of, with drooping ears, .
49; horses of, i 563 striped ponies
of, i 62; asses of, b 66 notice of
rabbits in, by Confucius,i. 1075 breds
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COLOUR,

of pigeons reared in, & 2163 breads
of fowls of, in fiftcenth century, i
243, 250,

Ciuscuitna, fertility of, in captivity,
il 185.

Criyese, selection practised by the, ii.
189; preference of the, for hornles
rams, ii. 194 ; recognition of the value
of native breeds by the, ii. 304

CrixesE, or Himalaynn rabbit, i. 112,

 Caves,” a breed of cattle in Paraguay,
i. 92.

CHOUX-RAVES, i, 342,

Curist, H., on the plants of the Swiss
Lake-dwellings, L 326, 336 ; interme-
diate forms betwoen Pinus sylvestris
and montana, I. 387,

CHRYSASTHEMUM, §. 404,

Chrysotis festiva, ii. 269,

CINERARIA, effects of selection on the,
ii. 184

CIROASSIA, horses of, ii, 80.

CIRCUMCISION, L 467,

CIRRIPEDES, mekagenesis in, ii. 362.

Cyetus, intorerossing aad hybrids of, i
356, 459, ii.rl‘Z‘i.o

N8, i. 855, 856,

gm:::;mnﬁm fructu variabils,” i,
3457,

Citrus decunvina, i. 855,

(itrus lemonun, 1. 358

Citrus medica, i 365,356,

Craprnay, A, bud-variation in the
hawthorn, i. 402,

“OpaQuANT " (pigeons), i, 145,

« Craquens” (pigeons), i. 164,

CLARE, G., on the wild dogs of Juan de
Nova, i, 28; cn striped Burmese and
Javanese ponies, i 613 bre'e"!s of

ts imported into the Mauritius, i,
105; variations in the mumme of
goats, L 1063 bilobed serotum of
Muscat goat, il .

CLaRK, H. J,, on fisston and gemmation,
RS Lo . _

CLARKE, R. T., intercrossing of straw-
berries, i, 374

CLARKE, T.l, hyb!

29, i, T1.

Cxi;gésg‘s?.\lr.. prize-cultivation of the

i, 78.

Cus::"x’::r‘!lb.\',explniqed by the theory
of natural selection, 1. 1.

Crerr palate, inheritance of, i, 465,

ridisation of stocls, i

Cwnq;:srn, on wild vines in Spain, i

CLERMONT-TONNERRE, on the St. Va-
léry apple, i. 432,

CriMaTE, effect of, upon breeds of do
i. 39; on horses, i. 55, 56; on cattle,
i. 93, 96; on the fleece of sheep, i
102, 103 ; on seeds of wheat, i, 333 5
on cultivated cabbages, i 344 adap-
tation of maize to, i. 341.

CLmvaTE and pasture, adaptation of
Lreeds of sheep to, i. 100, 101,

Crivare and soil, effects of, upon
strawberries, i. 875,

Crive, Mr., on the skull in horned and
hornless rams, ii. 327,

Cuios, on sterility in Rarunculus ficaria,
1. 155,

Crorzsc, hybrids of various trees, il
111.

CroveR, pelorism in, ii. 838,

COATE, Mr., on interbreeding pigs, ii. 102,

Coccus of apple-trees, i, 217. *

Cooriw fowls, i 237, 263, 264, 273,
274 ; occipital fornmen of, figared, i,
274; section of skull of, figured, i
277 ; cervical vertebra of, figured, i
281,

CoCHINEAL, persistence of, ii. 2223 pre-
ference of, for a particular cactus, ii.
265,

Cochlezria armoracia, ii. 154.

Cock, gome, patural selection in, ii.
210; spur of, grafted oo the comb,
il. 288 spur of, inserted into the ear
of an ox, ii. 365 ; effect of castration
upon the, ii. 26.

CoCcK'3-COMR, varicties of the, L 889,

Cooooxs of silkworms, variations io, i.
319,

Covrisu, bulldog, i. 93; number of
eggs in the, i, 373, “

Calogenys paca, ii. 135,

Corax, prepotency of the ass over the
horse, ii. 43; on cross-breeding, ii,
753 on change of diet, ii. 283,

CoLuixsoN, Prreg, peach-tres produce
ing s nectarine, i. 361,

COLORATION in pigeons, an evidence of
unity of descent, L. 204-206,

Corour, correlation of, in dogs, i. 28,
29 persistence of, in horses, i, 533
inheritance. and diversity of, ip
horses, L. 57; variations of, 1 the
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ass, L. 66 of wild or feral cattle, i.
88: transmission of, in rabbits, i.
111; peculiarities of, in Himalayan
rabbits, i. 114 ; influence of, ii. 212—
216; correlution of, in head and
limb:,.ii. 316 correlated with con-
stitutional peculiarities, ii. 529-332,

Corovn and odour, correlation of, ii.
417,

CoLOUR-BLINDNESS, hereditary, i. 454 ;
more common in men than in women,
i, 48, 49; associated with inability
to distinguish musical sounds, ii
322.

Coroums, sometimes not blended by
crossing, ii, 70.

Colwnba afiinis, Blyth, a variety of C.
fivia, i, 192,

Columba amalie, Brehm, a variety of
O, livia, 1. 192,

Columba guinea, i. 192,

Columba gymnocyclus, Gray, a form of

* €. livia, 3. 193,

Columba gymnophthalmos, hybrids of,
with C. amas, i. 202; with C. macu-
Tosa, §. 203.

Columba intermedia,Strickland, a varioty
of (. fivia, i. 193.

Columba lencocephala, it. 139,

Co'umba lenconota, i. 191, 205,

Colimba littoralis, i, 191,

Columba livia, ii. 2, 14; the parent of
domestic breeds of pigeons, i. 1923
mensurements of, L 1403 figured, i
141; skull figured, & 172; lower
jaw figured, i. 173 scapula figured,
i. 176.

Columba luctuosa, i. 191,

Columba migratoria and lewcocephala, di-
minished fertility of, in captivity, ii.
139,

Columba anas, i. 192; crassed with
common pigeon and C. gymnophthal-
mos, i, 203,

Columba palembus, i, 202, ii. 342,

Columbat rupestris, 1, 191, 193, 205,

Columba schimperi, i. 193.

Columbu torquatriz, ii. 342,

Columba turricola, i. 193,

CoLeanza, cattle of, i. 92,

CorompiNeg, double, i. 588, ii. 823,

Convatnes, on West Indian dogs, i, 23,

CoLrNeLLa, on [talian shepherd dogs,
i 25; on domestic fowls, i, 243, 258, |

ii. 187,424 ; on the keeping of ducks,
i. 201; on the selection of seed-corn,
i. 336 ; on the benefits of change of
s0il to plants, ii. 128; en the value
of native breads, ii. 304,

Covza, 1. 344,

Coxn, in fowls, vaviations of, i. 266;
sometimes rudimentary, ii. 506,

CoMPENSATION, law of, i, 288.

CoupuENSATION of growth, ii. 335-337,

COMPLEXION, connection of, with con-
stitution, ii, 329,

CoxprosiTa, double flowers of, i. 888,
ii. 151, 307.

CoxcerTioN, carlier in Alderney and
Zotland coves than in other breeds, i,
91,

Coxorriosa of life, changed, effect of)
ii. 413-414; on horses, i. 545 npon
variation in pigeons, i, 223; upon
wheat, i, 333; upon trecs, i. 8845 in
producing bud-variation, i. 441 nd-
vantages of, ii. 127-130, 160, 161;
sterility cauzed by, ii, 130-149;
conducive to variability, ii. 243-249,
388 ; accumulative action of, il. 240~
252; direct actlon of) il. 260-282.

Coxpon, breeding in captivity, il 187,

CoNFINEMENT, effect of, upon the cock,
i1, 97,

CoxFrervs, on the breeding of rabbits
in China, i. 107,

Coxoruy, Mr,, on Angora goats, ii,
318.

CoNsTITUTIONAL differences in sheep, &
100; in varieties of apples, i, 370,
371; in pelargoninms, i. 9883 in
dahlias, i. 394,

CONSTITUTIONAL peculinrities in straw
berries, . 3753 in roses, i, 391,

Coxsuyrrios, hereditary, i 4515 pe-
ricd of appearance of) il. 54 ; corres
lated with complexion, ii. 329,

CONTABESCENCE, ii. 149, 150,

Convolonius batatas, ii. 153, 299,

Convoloulus tricolor, bud-variation in, i,
440,

Coorer, Mr., improvement of vegetables
by selection, ii, 188, M
Coortr, Witre, hereditary peculiarities
of vision, i. #53; nssociation of affees
tions of the vyes with those of other
systoms, ii. 321,

Conass, oid-variation in, 1. 3985 nom
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gil?ushn of cell-gemmules in, ii.

374,

Cormg. S=e Boitard. ¢

Conpexoz, Dr., seedless plants, ii. 153.

Conxea, opacity of, inherited, i, 453,

Gornus maseula, yellow-fruited, i. 462,

CORRELATION, it, 311; of neighbouring
parts, ii. 812; of change in the
whole body, and in some of its parts,
il. 813 ; of homologous parts, ii, 314=
825 ; inexplicable, il 325-3567 ; com-
mingling of, with the ¢ffects of other
agencies, ik 327-329.

CORRELATION of skull and limbs in
swine, i. 75; of tusks and bristles in
swine, L. 795 of multiplicity of horns
and coarsencss of wool in sheep, L
98; of beak and feet in pigeons, L
182, 183 ; between nestling down and
colour of plumage in pigeons, 1. 2043
of changes in silkworms, i. 521; in
plants, it 2045 in maize, i. 3415 in
pigeons, i. 177-180, 2285 in fowls, i.
283-289,

CORRESPONDING periods, inheritance at,
il 51-57,

Cornmustis, dwarf eattle of, i, 92,

CorrixGHAM, Mr., influeace of selection
on pigs, i, 182,

Consica, ponies of, i. 54,

# CortueCK " (pigeon) of Aldrovandi, i,
219.

Corcus corone, and C. cornix, hybrids
of, il 72,

Corydalis, flower of, ii. 836,

Corydalis cav, 1i. 113, 114,

Corydlis solida, sterile when peloric, it
150,

Corydalis tuberosa, peloric by reversion,
i, 33.

Corylus avellana, i, 379.

CostA, A., on shells transferrod from
England to the Mediterranean, ii.
270.

Couys, Dr. B, on a monstrous chicken,

it 385,

Cowrrz. Mr, WHITE, dofective develop-
ment of the dental s;stem. it. 821,

4 Couve TrRONCHUDA,” L 342,

Cow, inheritance of loss of one horn in
the, i. 4363 amount of milk fur-
pished by the, ii. 200; development
of six mammie in, i, 309,

CowsLiF, ii. 464

CracID®, sterility of the, in captivity,
i, 139.

CR.ugx, fertility of, in eaptivity, ii.
140.

Cratagus oxyacantha, i. 387, 402, ii.
217, 246, 461,

Croteqgus monogyna, §. 387,

Crataqus sibirica, i. 387.

CRAWFURD, J., Malasian cats, i 490;
horses of the Malay Archipelago, i.
51; horses of Japan, i. 56 ; occurrence
of stripes in young wild pigs of
Malacea, i. 80; on a Burmese 5l:ui
family with deficient teoth, ii. 53,
320; Japanese origin of the bantam,

i. 241; gome fowls of the Philippine
Islands, 7i. 243 ; hybrids of Gallus
varius and domestic fowl, i. 2463
domestication of Gallius bankiva, i.
248 ; feral fowls in the Pellew Islands,
i. 249; history of the fowl, i 2583
history of the domestic duck, i. 2913
domestication of the goose, §. 5033
cultivated plaats of Now Zealand, i
329; breeding of tame elephants in
Ava, ii. 1323 sterility of Gowra
coronata in confinement, i 1393
gesse of the Philippine Islands, in
145.

CREEPERS, a breed of fowls, i. 241,

CresTED fowl, i. 230 ; figared, i, 240,

“ CRRVE-OEUR,” a French sub-breed of
fowls, i, 241,

Crise, Dr., on the brains of the hare
and rabbit, i, 132,

Crocxer, C. W, singular form of Fe-
gonia frigida, i. 389, fi. 150 starility
in Ranwnculus fioarsa, ii. 154

CRrOCUS, ii, 147.

CROSS-BREEDING, permanent effect of)
on the fomale, i. 436,

CROSSING, i1, 62-125,157-175; a cause
of uniformity, ii. 62-67, 157 ; occurs
in all organised beings, ii. 67-503
some characters not blended by, ii.
67-72, 158; modifications and new
races produced by, i, 73-77 ; causes
which check, ii. 78-87 ; domestica-
tion and cultivation favourable to,
ii, 88=01, 172; beneficial effects of
il 92-112, 158-160; necessary in
some plants, it. 112-122, 159, 160,
418; summary of subject of, ii. 122+
1263 of dogs with wolves in North
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America, i. 21, 22; with Canis can-
erivorus in Guiana, I, 23 5 of dog with
wolf, described by Pliny and others,
i. 24; characters furnished by,
brought out by reversio. in the
progeay, ii. 7-0; a direct cause of
reversion, ii. 13-21, 23 ; a cause of
variability, il. 252-255.

CRUSTACEA, macrourous, differences in
the development of the, ii. 363,

CRUSTACEAN with an, antenna-like de-
velopment of the eye-peduncle, ii
3805,

Cryrr0GAMIC plants, bud-variation in,
L 408,

Cona, wild dogs of, i. 28,

¥ Cuckoo,” sub-breeds of fowls, i. 256,

CUCUMBER, variation in number of
carpels of) i, 382; supposed crossing
of varieties of the, i, 430,

Cucwmis momordica, 1. 384,

Cuictiri's sativa, i. 382,

Cucurbita, dwarf, correlation of leaves
in, ii, 324,

Cucurbita maxima, i. 380, 382.

Cucurbita moschata, §. 380, 382,

Cucwrbita , 1. 380, ii. 86 ; varieties
of, i. 381 ; relation in size and num-
ber of fruit of, il. 336.

CUCURBITACE®, L S80-384; supposed
erossing of, i. 430; Naudins obser~
vations on hybrids of, ii. 156 ; accli-
matisation of, i, 304,

“CuLsUTANTS ({uigcons), i. 156,

CoLTIVATION of plants, origin of, among
savages, i, 326,327 ; fertility increased
by, ii. 89-91,

CU\I::!;, on hereditary night-blindness,
i. 454,

CU;P;.());:, Mr., puiring of deer-hounds,
i 104,

CORRANTS, of Tierra del Fuego, i. 3263
bud-variation in, i, 400,

CurTIS, Mr,, bud-variation in the rose,

CuviER, on the gestation of the wolf, i.
30; the odour of the jackal, an ob-
stacle to domestiention, i. 51; differ-
ences of the skull in dogs, i 35;
external ‘characters of dogs, i 56;
g:ngntion of the intestines in ldo—

stic pigs, i, 77, ii. 203; fertilit

of the hoak-bilted ‘duck, 1, 2013 hy.
brid of ass and Zebra, ii. 6  breed-

ing of animals in the Jardin des
Plantes, 1i. 1325 sterility of pre.
daceous birds in captivity, i, 137;
focility of Lybridisation in confine-
ment, i, 143,

Craxosis, affection of fingers in, ii.
326,

CycLAMEN, bul-variation in, i. 407,

Cynara carduaculus, ii. 7.

Cynips fecundatriz, if. 273,

O Ius hamadryas, ii. 136,

Cyprinus auratus, i. 312-313,

Cyrtanthus, ii. 121,

Cyrtopodivm, ii. 115.

Cytisus adami, its bud-variation, i.
418417, ©. 11; seedlings from, i,
414; different views of its origin,
i. 415417 ; experiments in crossing
C. prurpurcus and labwrnwm to pro-
duce, i. 415; its production by M,
Adam, i, 416 discussion of origin of,
vbid.

Cytisus  alpino-laburnum, ovules and
pollen of, i. 415; origin of, sid.

Cytisus alpinus, i. 415,

Clytisus {abnenum, i. 413, 415, 416,

Cytisus purpureo-clongatus, ovules and
pollen of, L 415; production of, i
416.

Cytisus purpurcus, i- 414417,

Dancuomi, effeets of food on hymenop-
tera, ii. 270.

DanLia, i 303-394, iL 129; bud-
variation by tubers in the, i 411;
improvement of, by selection, i,
201 ; stops in caltivation of) ii. 249;
effect of conditions of life on, ii. 263
correlation of form and colour in, fi.
325,

DA1sy, hen-and-chicken, i. 389; Swan
River, il 249,

DALBRET, varieties of wheat, i. 332.

Datinent, changes in the odours of
plants, ii. 264,

Darvy, Dr., on consanguineous mar-
riages, ii. 102,

Davroxisw, hereditary, i. 454

DaMARAS, cattle of, i 91, ii. 192,
193,

Damsow, i, 368,

DANDOLO, Count, on silkworms, i. 318,

DAN1ELL, fertility of Engli b dogs in
Sierra Leone, ii. 144,
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DELPHINIUM,

DL'EB!!R Middens, remains of dogs in, i.

18.

DArpLING in horses, asses, and hybrids,

Darzste, C., on the skull of the Polish
fowl, i. 275; causes of variability,
ii. 2573 on the production of mon-
strons chickens, ii. 279 ; co-existence
of apomalies, ii. 325; production of
double monsters, ii. 534,

DARvVILL, Mr,, heredity of good qualitios
in horses, i, 456.

Danwix, C., on Lepus magellanicus, i
117; on the wild potato, i. 349;
dimorphism in the polyanthus and
primrose, i. 464.

DarwiN, Dr, improvement of vegeta-
bles by selection, ii. 189,

Danwix, Sir F., wildness of crossed
pigs, ii. 19.

Danrwix, G., consanguineous marringes,
il. 104,

D'Asso, monogynous condition of the
hawthorn in Spain, i. 387,

Dasyprocta aguti, ii. 135.

DATE-PALM, varicties of the. ii. 24%.

Datura, . 11; variability in, ii. 254.

Dutura lavis and stramoninm, reversion
in hybrids of, i. 425,

Datura stremoninm, ii. 43,

. DAUBENTON, varintions fn the number
of mamma in dogs, i. 38 ; proportions
of intestines in wild and domestic
cats, i. 50, ik 202.

DAUDIN, on white rabbits, ii. 215,

Davy, Dr., on sheep in the West Indies,
i, 102.

Dawxixg, W, Bovp, history of the dog,
i. 15; origin of cattle, 1. 85; early
domestication of Bos lonyifrons in
Britain, hid.

DeAF-MUTES, non-heredity in, i. 485,

DeAFxess, inheritance of, ii. 55.

DEAN, potato-grafting, i. 421,

Deny, wild bybrids of common and
musk ducks, ii. 20

De CaxpOLLE, ALPH., number and
originof cultivated plants, i, 323, 524,
305; regions which have furnished
no useful plants, i 3275 wild wheat,
i, 820, 330 ; wild ryeand oats, i, 5295
antiquity of varieties of wheat, i 3335
appareat inefficacy of selection in
wheat, i, 3353 origin and cultivation

of maize, i. 838, ii. 321 ; calours of
seods of maize, i. 339 ; varieties and
origin of the cabbage, i. 842, 3
origin of the garden-pea, i. 845; on
the vine, i. 352, ii. 298; cultivated
species of the orange grouf, i 855 ;
probable Chinese origin of the peach,
i. 357; on the peach and nectarine,
i 861, 364 ; varieties of the peach, i.
363; origin of the apricot, . 363;
origin and varieties of the plum, i.
867 ; origin of the cherry, i. 368;
varieties of the gooseberry, i. 8763
selection prictised with forest-trees,
i. 384; wild fastigate onk, i 885;
dark-leaved varioties of trees, ibid. ;
conversion of stamens into pistils in
the pnpp{, i. 389 ; variegatad folin

i. 390 ; heredity of white hyacinths,
i. 895, 463 ; changes in oaks depen-
dent on age, i. 413; inheritance of
anomalons charncters, i. 4625 varin-
tion of plants in theirnative countries.
ii. 244; deciduous bushes becoming
evergreen in hot climates, i 2955
antiquity of races of plants, ii. 425.

De Caspoiie, P., non-variability of
monotypie genera, ii. 253 ; relative
dovelopment of root and seed in
Raphanus sativus, ii, 535,

DECAISSE, on the cultivation of the
wild earrot, i. $44; varieties of the

ar, i. 372 ; intercrossing of straw-
erries, i. 373 ; fruit of the apple, L
432 ; sterility of Lysimachic nwmma-
faria, ii. 154; tender variety of the
peach, ii. 299.

Dxer, nssumption of horns by female,
ii. 26; imperfect development of
horns in a, on & voynge, ii. 141,

Dekr, fallow, ii. 81.

DrurnousD, Scotch, difference in size
of the sexes of, il. 49 ; deterioration
ofy ii. 100,

DeeeNerATION of high-bred races,
under neglent, ii. 225,

De JoxGng, J., on strawberries, i. 374,
il. 229; soft-barked pears, ii. 2173
on accumulative variation, ii. 249;
resistance of blossoms to frost, i, 207,

Deraver, E. S, on rabbits, i. 111
116.

| Delphinium ajacis, i. 464,

Delphinium consolida, i, 463, 464,
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DELPINO,

INDEX,

DIXON.

DELPINO on Pangenesis, ii. 850, 372,

Dendrocy vaduata, ii. 140.

DExxNY, [r,l'.‘,alioo of Aperea, ii. 135,

DENTITI0N, variations of, in the horse,
i, 52,

Deopanr, i 387.

DesuArEsT, distribution of white on
dogs, i. 30; cat from the Cape of
Good Hope, i, 49 ; cats of Madagnscar,
thid.; occurrence of striped young in
Turkish pigs, i. 80; French breeds
of eattle,i. 84 ; horns of goats, I, 106;
on hornless goats, ii. 306.

DEeSToRTES, number of varieties of
roses, i. 391,

DevAY, Dr,, singular case of albinism,
i. 4603 on the marriage of cousins,
il 102 on the effects of close inter-
broeding, ii. 251,

DEVELOPMENT and metamorphosis, ii.
383, 384,

DEVELOPMENT, arrests of, ii. 806-310,

DEVELOPMEST, embryonic, if. 361

364,

D'Heavey-SAINT-DeNYs, L, on the Ya-
mi, or imperial race of the Chinese,
iL. 189,

_Dxflc;.l:, fertility of the, in captivity, il

4.

DianETES, cccurrence of, in three bro-
thers, i. 460,

Dianthus, contabescent plants of, ii.
149,150 ; hybrid varieties of, il. 255,

Dianthus armeria and deltoides, hybrids
of, ii, 76.

Dianthus barbatus, i. 406,

Trianthus caryophylius, i. 406,

Dianthus japonicus, contabescence of
female organs in, 1. 150,

Diapheromera femorata, ii. 359,

D1cioGAMoUS plants, ii, 68,

DicisoN, Mr., on “ yunning ” in carna-
nations, & 407; on the colours of
tulips, i. 412,

Dicotyles torquatus and labiatus, i, 135.

DierrpENBACK, dog of New Zealand, i
263 feral cats in New Zealund, i.
:gs, polydactylism in Polynesia, L

Dictytra, ii. 33.

D1eT, change of, ii, 203, 294.

Digitalis, properties of, affected by cul-
ture, ii. 264,

Diaae, sxpernumerary, i. 457 ; analogy

of, with embryonic conditions, ii, 16
fusion of; it, 334.

Dnvorrme plants, ii. 1125 conditions
of reproduction in, il 165-169.

Drstorpiisy, reciprocal, ii. 68.

D1x6o, i. 26; variation of, in colour, i.
28; half-bred, attempling to burrow,
ibid.; attraction of foxes by a female,
i. 523 variations of, in confinement,
il. 251,

DrEC10USNESS of strawberries, §. 375,

Diseases, inheritance of) 1. 451, 452
inherited at corresponding pericds o
life, §i. 53-57 ; peculiar to loeulities
and climates, ii, 265; obseure corre-
lations in, ii. 325, 326 ; affecting cer-
tain parts of the bedy, ii. 37435 oce
curring in alternate generations, ii,
396,

DisTexpeR, fatal to white terriers, ii.
2135,

Disuse and use of parts, effects of] ii,
285-293, 345, 346, 414, 415; ip
the skeleton of rabbits, i, 120134
in pigeons, i. 180-187; in fowls, i
284-288; in ducks, i, 209-301; in
the silk-moth, §. 317-321.

DiverGENCE, lnfluence of, in producing
breeds of pigeons, i. 230,

Dixox, E. S., on the muslk duck, i
191; on foraul ducks, i. 2005 on
foral pigeons in Norfolk Izland,
ibid, ; crossing of pigeons, i, 201;
origin of domestic fowls, L 242,
crossing of Gallus sonneralii and
common fowl, i. 245 ; occurrence of
white in the young chicks of black
fowls, i. 256 ; Paduan fowl of Aldro-
vandi, i, 259; peculiarities of the
eggs of fowls, . 260 ; chickens, i
2¢1, 262; Iate development of the
tail in Cochin cocks, i. 263; comb of
lark-crested fowls, i. 2683 develope
ment of wobs in Polish fowls, i. 2723
on the voice of fowls, iid, ; origin
of the duck, i. 291; ducks kq_vt by
the Romans, i. 202 ; domestication of
the goose, i. 302 ; gander frvquenﬂ;
white, i. 303; breeds of turkeys, i
809 ; incubatory instinct of mongrely
of non-sitling races of fowls, il 18
aversion of the dove-col pigeon to
pair with fancy birds, fi. 823 fertility
of the goose, §i. 90 goneral sterility
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of the guans in captivity, {i. 139;
fertility of geese in captivity, ii
140 ; white pea-fowl, ii. 526.
Dosrrr, H., inheritance of anomalies of
the extremities, i, 458 ; non-reversion
to o malformation, ii. 10,
DOBRIZIHOFPER, abhorrence of incest by
the Abipones, ii. 103.
Doas, origin of, i. 15; ancient breeds of,
i. 17, ii. 424; of Neolithic, DBronze
and Iron periods in Europe, i. 18, 19,
it. 423; resemblance otl, to various
species of Capida, i. 21; of North
America compared with wolves, i.
21, 22; of the West Indies, South
America, and Mexico, i 23, 82 of
Guiana, i. 25 ; naked dogs of Para-
guay and Pern, 24, 31; dumb, on
uan Fernandez, i. 27; of Juan de
Nova, i. 283 of La Plata, id. ; of
Cuba, iid.; of St. Domingo, wid.;
correlation of oolour in, i. 28, 20;
station of, i. 30, 31; hairless
ﬁrkisb, i.81, i 212 ; inter-crossing
of different breeds of, i. 31; charac-
ters of different breeds of, discussed,
i. 34-38; degeneration of European,
in warm climates, i, 37, 895 ii. 267,
205; liability to certain diseases in
different breeds of, i, 37 and npote;
causes of difforences of breeds dis-
cussed, b 89455 catching fish and
crabs in New Guinea and Tierra del
Fuego, i. 41; webbing of the feet in,
#id, ; influence of selection in pro-
ducing different breeds of, i. 42, 45;
retention of original habits by, i,
191; inheritance of polydactylism
in, 3. 549; feral, ii. 635 reversion in
fourth generation of, ii. 8; of the
Pacific Islands; ii. 64, 205, 303,

mongrel, i, 705 comparative facility”

of crossing different breeds of, ii.
80; fertility of, ii. 88, 134; inter-
breeding of, il 98-100; selection of,
among the Grecks, ii. 186, 194;
among . savages, il 191, 1925 un-
conscious selection of, i1, 196, 197;
valued by the l"uegiunn. ii. 199, 200;
climatal changes in hair of, ii. 2683
production of drooping ears in, it
291 ; rejection of bones of game by,
§i. 293 ; inheritanee of rudiments of
limbs in, ii. 306; development of

fifth toe in, ii. 809; hairless, de-
ficiency of teeth in, ii, 319; short-
faced, teeth of, ii. 837; probable
analogous variation in, ii. 341; ex~
tinction of breeds of, ii: 421,

DoyeraIx, H. H, on the auricula, ii.
439,

DOMESTICATION, essential points in, ii,
400, 401 ; favourable to crossing, ii.
88, 89 ; fertility increased by, ii. 89—
a1, 158,

DOMESTICATED snimals, origin of, ii.
144, 145; occasional sterility of,
under changed conditions, ii. 145,
146.

Doxpers, Dr., herelitary hyperme-
tropia, i. 453,

DorkixG fowl, i. 287, 274 ; furculum of,
figured, i. 232,

Doryouss, il 135,

Dounre flowers, §i. 151, 152, 155,156 §
produced by selection, ii. 184,

DOUBLEDAY, H., oultivation of the file
bert pine strawberry, i. 376,

Doveras, J., crossing of white and
black game-fowls, ii. 70,

DowxING, Mr., wild vericties of the
hickory, i. 327 ; peaches and nec-
tarines from seed, i, 560, 3615 origin
of the Boston nectarine, i. 8613
American varieties of the peach, i
364; North American apricot, i
366 ; varioties of the plum, i, 3683
origin and varieties of the cherry, i
368, 369 ; “ twin-clustor pippins,” i
870; varicties of the apple, i, 8723
on strawberrics, i. 873, 575; fruit
of the wild gooscberry, i. 8783
effects of grafting upon the seed, i
472; disenses of plum and peach
tree, ii. 213; injury done to stoue
fruit in America by the * weevil,” ii.
217 ; grafts of the plum and peach,
ii. 2473 wild varieties of pears, il
248; varieties of fruit-trees suitabls
to different climates, ii. 296.

Dowxixg, Mr. J., sterility of short-
horns, i, 97,

Draba sylvestris, ii. 147,

DrAGON (pigeon), i. 146, 149,

4 DRAWER " (pigeon), L. 164,

DriygiNG, effects of, in different ol
mates, ii, 279, .

Droaupary, selection of, ii. 190,
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DRUCE, Mr.,, inter-breeding, ii. 89 ; value
of cross breed of pigs, il. 100,

Du Cira1Ley, fruit-trees in West Africa,
i. 827.

DucHEsSSE, on Fragaria veses, i. 573,
3

75,

DUFOUR, LEoxN, on Cecidomyia and Miso-
campus, 1. 5.

Duck, musk, retention of perchin
habit by the, i. 191; feral hybrid of,
i. 199,

Duck, penguin, hybrid of, with Egyp-
tinn goose, i, 44

Duck, wild, difficulty of rearing, ii.
219 ; effects of dorestication on, i

247,

Ducks, breeds of, i. 200, 291 ; origin of,
i. 201 history of) iid. ; wild, easily
tamed, i. 292, 203 fertility of breeds
of, when crossed, i. 294; with the
R{lumnge of Anas boschas, bid.;

alayan penguin, identical in plum~
age with Eaglish, ibid,; characters
of the breeds of, 1. 205-290; eggs of,
1. 295 ; effects of use and disuse in,
I 299-802, ii. 288; feral, in Nor-
folk, i. 199 ; Ayleshury, inheritance
of early hatching by, i. 4715 rever-
sion in, produced by crossing, ii. 143
wildness of half-bred wild, i~ 19;
hybrids of, with the musk duck, ii.
19,205 assumption of male plumage
by, ii. 26 ; crossing of Labrador and
penguin, ii. 75; increasel fertility
of, by domestication, ii. 903 general
fortility of, in confinement, ii. 1405
increase of size of, by care in breed-
ing, ii. 183; change produced by
domestication in, ii. 250,

DragniL, Ava., breeding of Siredon in
the branchiferous stage, ii. 379,

Dux-coLovnen horses, origin of, L. 61,

DorEAv DB LA MALLE, feral pigs in

Louisinnn, ii. 7; feral fowls in
Africa, ibid, ; bud-variation in the
pear, i. 401; production of mules
nmong the Romans, ii. 88,

Dhsicyon syleestris. L 23,

Dures mbbit, 5. 111,

Duren roller pigeon, i, 158.

Duraocner, pelorism in the laburnum,
ii. 338,

DovAL, growth of pears in woods in
France, ii, 248,

Du;gm.!oovn, on Lecrsia orysoides, it

Duveaxoy, seif-impotence in Liliwm
candidum, ii. 118,

DZIERZON, variability in the characters
and habits of bees, i. 314.

EA;;;, Dr.,on colour-blindness, ii. 48,

Eans, of faney rabbits, 1. 110; do-
ficiency of, in breels of rabbits, i
112; rudimentary, in Chinese sheep,
ii. 806 ; drooping, il 291 ; fusion of,
ii. 354,

Eatox, J. M., on fancy pigeons, i, 155,
159; variability of characters in
breeds of pigeons, i, 169; reversion
of crossed pigeons to coloration of
Cofumba livia, i, 2083 on pigeon-
fancying, 1 216, 225, 226; on
tumbler-pigeons, i. 220, i 229
carrier-pigeon, i, 219; effects of
intor-breeding on pigeons, ii. 1063
properties of pigeons, ii. 182; death
of short-fuced tumblers in the egg,
ii. 2113 Archangel-pigeen, i, 226.

FciiNODERMATA, metagenesis in, i, 362,

Eetopistes, specific ditference in number
of tail-feathers in, i. 167.

Ectopistes migratorius, sterile hybrids
of, with Twrtur vulgaris, i, 203,

EDENTATA, correlation of dermal system
and teeth in the,ii. 321

EnceworTi, Mr., Wse of grass-seads as
food In the Punjab, i, 326,

Epaxoxstox, Dr., on the stomach in
Larus argentatus and the raven, ii
202.7

Epwarps and Colin, on English wheat
in France, ii, 297,

Epwanrps, W. F., absorption of the mi-
nority in crossed races, il, G4,

Epwarns, W. W., occurrence of stripes
in a mearly thoroughbred horse, i
603 in foals of race-horses, i. 62.

Fcas, of fowls, characters of, i, 2603
virintions of, in ducks, i. 2053 of the
& k-moth, i. 817.

£~ 27, axcient dogs of, i. 17, 185 ancient
domestication of the pigeon in, i 3143
absence of the fowl in ancient, 1. 258,

I EavrTIAN goose, hybrids of, with pen-
guin duck, i. 206

Eunespens, Prof, multiple origln of
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the dog, i. 16 ; dogs of Lower Egypt,
i 25; mummies of Felis maniculata,”
i. 45,
Erpments of the body, functional inde-
ndence of the, ii, 364-366.

ELEPHANT, its sterility in captivity, ii
132.

Evx, Irish, correlations in the, ii. 327,
328.

ELLIoT, Siv WALTER, on cats in Indin, i
46; on striped horses, i. (1; Indian
domestic and wild swine, i. 7U;
pigeons from Cairo and Constanti-
nople, i. 1383 fantail pigeons, i. 1533
Lotan tumbler pigeons, i, 1585 a
pigeon uttering the sound Yahu, i
163 ; Gallus bankiva in Pegu, i. 248,

ELLis, My, varieties of cultivated plants
fn Tahiti, ii, 243,

Fray, nearly evergreen Cornish variety
of the, i. 386, 1L 301 § folinge-varicties
of the, 1. 385.

ELa, weeping, i. 385; not reproduced

by seed, i. 462,

Bngtﬂ'zd pusserina, ii, 141

Espry0s, similarity of, i. 12; fusion cf,
i, 333,

ENGEL, on Lawrus sassafras, ii. 264,

ExcLAxD, domestication of Bos longi-
froms in, i. 853 selection of horses in,
in medieval times, i, 187; laws
against the early slanghter of rams
in, ii, 188,

F.Pu;:m.mnm, development of the, ii.
a6l

Epidendruan cinnabarinum, i. 431 ; and
. 2cbra ii. 115,

EpiLersy, hereditary, i 451, ii. 85,

Eipuus bumhdlig‘, 17 67,

Eiuus quaggad, 167,

};‘r;mts indicus, il 17, 22.

Egunts Lniopus, i. 65, ?6, il 16.

FroT, disease of the white parts of cattle,
it. 331

!‘.Rlllcfcsx, frequency of contabescence
in the, il. 149,

ERICHTUONIUS, an improver of horses
by selection, il. 188, SR
EJiAN, on the fat-tailed Kirghisian

shoep, L. 102, ii. 269 ; on the dogs of
the Lynl:;?; i, 191,
e, ik 93 |
I&;‘:ﬂhnv;a erispi-gaili and F. herbacoa,
hybrids of, 1. 253-

voL. 1L

Eschscholtzia californica, self-sterilo in
England, ii. 118, h

ESQUILANT, Mr., on the naked young of
dun-coloured pigeons, i. 180,

Esquiataux dogs, their resemblance to
wolves, i, 22; selection of) ii. 191,

EsquiroL, on heroditary insanity, i. 53.

EUpEs-DESLONGCHAMPS, on appendages
under the jaw of pigs, i. 78.

Euanymus japonicus, i. 407.

Euphorbia maculata, ii. 275,

EuRorpAN cultivated plants, still wild
in Europe, i. 324,

Evaxs, Mr., on the Lotan tumbler
pigeon, & 158,

EVHL\E')S’ pansies grown in his ganden,

Everest, R, on the Newfoundinnd dog
in India, i. 37, 1. 295; degeneration
of setters in India, §. 39 ; Indian wild
boars, I, 69,

Ewes, hornless, ii, 345,

Exrtixarion of domestic races, i, 232,

Eves, hereditary peculiarities of the, i.
452454 ; loss of, causing microph-
thalmia in children, i. 469 ; modifica-
tion of the structure of, by patuyal
gelection, ii. 207, 208,

Evunrows, herelitary eloagation of
hairs in, i. 452,

EveLins, inherited peculinrities of the,
i 492,

EY10¥, Mr., on gestation in the dog, L
81 ; variability in numberof vertebrie
in the pig,i. 77; individual sterility,
il, 146,

Faha vuliam, i. 349,

Fabre, olsorvations on JEgilops triti-
cosdes, 1. 830,

Fagus sylvatica, i, 462,

FAIRWEATHER, Mr., production of
double Howers from old seed, ii. 151,

FaIvee, on the Primwla sinonsis, i 594,
ii. 324,

Falco albidus, resumption of young plu-
mage by, in captivity, ii. 141,

Faloo vssifragus, 1. 215,

Fulco sl , copulating in captivity,
it 137,

Faleo tinnunculus, breeding in captivity,
il. 137,

Farcoxer, Dr., sterility of English
bulldogs in Indin, i. 3¢ resemblanca

26
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between Sivatherium and Niata cattle,
i. 93 ; selection of the silkworm in
Indis, & 817 ; fastigate apple-trees in
Caleutta, i. 885; reproduction of a
supernumerary thumb after amputa-
tion, i. 459 ; fertility of the dhole in
captivity, ii. 134 ; fertility of English
dogs in India, il. 144 ; sterility of the
tiger in eaptivity, ii. 333 ; turkeys at
Delhi, §i. 145; on Indian cultivated
plants, ii. 148; Thibet mastiif and
goat, ii. 268,

Farcoxs, sterility of, in captivity, il
137,

FALKLAND Islands, horses of the, i. 55,
U4 faral pigs of the, i. 80 ; feral eattle
of the, i, 86, 90; feral rubbits of the
i 116,

FALLOW deer, §i. 81, 99,

FANTATL pigeons, & 1532135, ii. 212;
figured, i. 156 ; furculnm of, figored,
i. 176; history of, i. 218; absence of
oil-gland in, ii. 836,

Farok Islands, pigeons of the, i. 182,

Fasuton, influence of, in breeding, ii.
228,

FASTIGATE troes, ii. 266, 340,

FAIU.\‘M, geographical differences eof], i

0,

“ Favounrre ™ bull, ii. 40, 96.

FrATHERS, homologous variation in, 3.
317,

Frir, of pigeons, individual differences
of, i, 168; correlations of external
characters in, i, 180,

Fret and beak, correlation of] in pigeons,
i, 180-184.

Feutom, fertility of, in captivity, ii.
183.

Felis bubastes, i. 45.

Felis eaffra, i, 46,

Felis caligulata, i. 45.

Felis chans, i, 45-47.

Felis fubata, ii. 133.

Felis lytnica, i. 46,

Felis mimiculata, i. 45,

Felis manwl, i, 47,

Felis ornate, i, 47.

Feliy aylvestris, i. 48,

Felis torqueata, 1. 47,

Frsaie, affectod by male element, ik
361, 883,

FevALE flowers, (¢ male panicle of

i 388,

FrxN, Mr., grafting potatoes, i. 421,

FeENNEL, Italian variety of, & 844,

FenavL cats, i, 49; cnttls i, 89 ; rabbits,
i 116, 119; Guinea fowl, i, 310; ani-
mals and plants, reversion in, ii. 5, 6,

FERGUEON, Mr., supposed plurality of
origin of domestic fowls, i 243;
chickens of black game-fowls, i. 257 ;
relative size of eggs of fowls, i. 260;
yolk of eggs of game-fowls, i 262;
early pugnacity of game-cocks, i
263 ; voiceof the Malay fowl, L 272 ;
effects of interbrecding on fowls, i
105 ; selection in Cochin-China fowls,
it. 180; on fashion in poultry, ii, 226,

FerxANDEZ, on Mexican dogs, i. 25,

Frnys, reproduction of abnormal forms
of, by spores, i, 408 ; non-diffusion of
cell-gemmules in, ii. 573.

FenneTs, ii. 90, 134, 190,

FERTILISAYION, artificial, of the St.
Valéry apple, i. 571, 872.

FERTILITY, various degrees of, in sheep,
i. 101 ; volimited mutoal, of bree
of pigeons, i. 201-203 ; comparative,
of mongrels and hybrids, ik 78, 79,
162-165; influence of nourishment
on, ii. 89; dimioished by close intor-
breading, #. 96, 159; reduced, of
Chillingham wild eattle, #. 87; of
domesticated varieties when crossed,
. 173,

Festuea, spevies of, propagated by bulb-
lets, ii. 154,

Frunekrs, spared by tomtity, ii. 218,

FiLterr, on the breeding of branchiferous
tritons, i, 379,

Fixcugs, general sterility of, in cap-
tivity, ii. 137,

FINNIKIN (pigeon), & 164,

Fixoceitro, i 344,

FIR, Scotch, acclimatisation of, ii, 800,

Fisu, Mr,, advantage of change of soil
to plants, ii. 129,

Fisites, regeneration of portions of fina
of, ii. 15; variability of, when kept i
tanks, il. 246 ; marine, living in fresh
water, ii, 204 ; double monsters of] ii.

Fisstox and gemmation, ii. 351,

Firen, Mr., perzistency of a variety of
the pea, i. 349.

Frrvesy, survival of the, i. b,
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FRAGARIA.

PITZINGER, origin of sheep, L. 98 ; Afri-
can maned sheep, i. 100,

Fl':i!lmmwx, Mr., potato-grafting, i.

FIxepxess of character, conditions of,
discussed, i, 37-39,

FrAX, found in the Swiss lake-<dwellings,
i. 335 ; climatal difference in products
of, it 264,

FLEECE, fineness of, in Austrian merinos,
il 181,

FLEISOHMANYN, on German sheep crossed
with merinos, ii. 66,

“ FLORENTINER-TAUBE,” i. 149, 150.

FLOUNDER, ii. 28,

Frovrexs, cressing of wolf and dog, i.
33 ; prepotency of the jackal over the
dog, ii. 433 hybrids of the horse and
ass, it 43; breeding of monkeys in
Europe, ii. 135,

FLOWER-GARDEN, earliest known, in
Europe, i, 202,

FLowens, capricious transmission of
colour-varicties in, i. 463, 464 ; ten-
dency to uniformity in striped, ii. 453
scorching of, dependent on colour,
ii. 214 ; change in, caused by condi-

tions of life, fi. 262 ; rudimentary, ii.
307 ; relative position of, to the axis,
il 337,

F®ETATION, abdominal, ii. 285.

FOI.I.;:, Mr., wild varieties of pears, ii.

FoL1AGE, inherited peculiaritics of, i
$85; variegation of, .i. 390; bud-
variation in, i, 407-409.

Foo, influence of, on the pig, i. 76; on
cattle, i, 94 ; excess of, a cause of va-
riability, ii. 244

Fonges, D)., on Chilian sheep, i. 99; on
the horses of Spain, Chili, and the
Pampas, i. 54

Formica rufa, {i. 238,

Forruxe, R., sterility of the sweet
potato in China, ii. 153 ; development
of axillary bulbs in the yam, ibid.

Fowi, common, breeds of, i 206-242;
suppased plurality of origin, 1. 2425
early history of, i. 243-245; causes
of production of breeds of, i 2453
origin of, from Guilus bankied, 1. 247~
251, 257; feral, notices of, L 249,

250 ; reversion ana aualogous vari- | £
tion in, i 251-258, ii. 9, 12-14, | Fragaria vesca, i. 373,

341, 343; “cuckeo” sub-breeds of,
i. 256 ; history of, i. 258~2603 strue-
tural ehnrncters of, L 260-262 ; sex-
ual peculinrities of, i. 263-270, i
903 external differences of 1. 270-273;
differences of breeds of, from G. & n-
kiza, 1. 272; osteological characters
of, 273-284 ; effects of disuse of parts
in, i. 284288 ii. 288 ; feral, i. 199,
ii. 7; polydactylism in, i. #58; fer-
tility of, increased by domestication,
il. 90, 145 ; sterllity of, under certain
conditions, ii, 144 infiuence of selec-
tion on, ii. 180, 182, 1943 evils of
clove inter-breeding of, ii. 104, 1053
cressing of, {i. 73-75; prepotency
of trausmission in, i, 42; rudimen-
tary organs in, il 8063 crossing of
nonwsitting varieties of, ii, 18,18
homology of wing and leg foathers
in, ii. 315; hybrids of, with phea-
sants and G'a;;ua sommeratiy, it 203
black-skinned, ii. 184 ; black, preyed
upon by the osprey in Irelund, il 2153
five-toed, mentioned by Columella, ii.
424; rumpless, tailed chickens pro-
ducad by, ii. 4; Dorking, crosses of,
ii. 70; form of comb and colour of
plumnags in, ii. 2243 game, crossiang
of white and black, ii. 70; five-
spurred, ii, $86; Spanish, liable to
suffer from frost, if, 206; Polish,
peculiaritics of skull of, ii, 826-527.

Fox, sterility of, in captivity, ii. 134,

¥ox, S. BEvAN, races of bees, L 314

Fox, W. Darwiy, gestation of the dog,
i 81; “Negro™ cat, i. 48; rever-
sion of sheep in colour, ii, 8; pericd
of gestation in the pig, i. 77 ; young
of the Himalayan rabbit, i 114;
crossing of wild and domestic turkeys,
i. 308; reversion in crossed music
ducks, ii, 14; spontapeous segregi-
tion of varieties of geese, il. 523
effects of close inter-breeding upon
bloodhounds, ii. 100; desfness of
white eats with blue eyes, ii. 822,

Foxnouxns, i. 42, ii. 99.

Fragaris chiloensis, 1. 373.

Fragaria colling, 3. 373,

Fragaria dioica of Duchesae, i 375

Fragaria elatior, i, 373,

Fraparia grandifiora, i. 375,

20672
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Fraygaria vinqiniana, i. 373.

Frazinus excelsior, 1. 384, 408, 462,

Froaxinus lentiscifolia, i. 462.

FROESLAND cattle, probably descended
from Bos primigenius, i. 84

FRILLBACK pigeon, i. 163 ; Indian, i
161,

Fringilla cirds, i, 137.

Fringilla spinus, ii. 137.

Frizzrep fowls, . 241; horses, i, 56.

Froa, polydactylism in the, i. 458,

Frurr, seodless, ii, 152.

FRUIT-TREES, varieties of, occurring
wild, i. 827,

Fay, Mr., on fertile hybrid cats, i. 46;
on feral fowls in Ascension, i. 249,
FUCHSIAS, origin of, i. 488 ; bud-varia-

tion in, L 407,

Fuchsia eoccinea and fulgens, twin seed
produced by crossing, i. 426,

FrrGiaxs, their superstition about
killiug young water-fowl, i. 327;
selection of dogs by the, il 191;
their comparative estimation of dogs
apd old women, ii. 199 ; their power
of distunt vision, ii, 208,

Fuxa, parasitic, ii, 274, 275,

FirnriNasr, Dr,, on nails of Saurians,
ii. 886,

FurerrLus, characters and varintions of
the, in pigeons, i. 176 ; alteration of]
hy disuse, in pigeons, i. 185; cha-
racters of, in fowls, i. 282,

Fusiox of homologous parts, ii. 887,

GArT, inheritance of peculiarities of] 1,
450,

GALAPAGOS ‘rehipelago, its peculiar
firuna and flora, i 9,

Loleohdolon lutewm, pelorism o, ii. 33,
337,

GALLS, ii. 272-274.

GALL-GNATS, i, 273.

GALL-LIKE excrescences not inherited,
i, 23,

GALLINACEOUS birds, restricted ranyge
of large, i. 249 ; general fertility of,
in eaptivity, ii. 139,

Gallinula chloropus, ii. 140,

Guilinwla nesiotiz, §. 302, :

GALLESTO, species of oranges, i 355-
357 ; hybridisation of oranges, i. 357 ;
persistency of races in tha peach, i.
860; supposed specific distinctions of

peach and nectarine, L 361: bizzarria
orange, i. 417 ; crosing of rod and
white carnntions, §. 426 Crossing of
the orange and lemon, i, 430, ii. 860 ;
effect of forelgn pollen on maize, i.
130 ; spontaneous crossing of oranges,
il. 68; monstrosities a cause of steri-
lity in plants, i 150; seeding ot
ordinarily seedless frnits, §i. 152 ; ste-
rility of the sugar-cane, ii. 153; ten-
dency of male flowers to become
double, ii. 1553 effects of selection iu
enlarging fruit, &e., ii. 202; varia-
tion of the orange-tree in North
Italy, ii. 243; naturalisation of the
ornnge in Italy, i, 298,

Galtus awneus, n hybrid of G. varius and
the domestic fowl, i, 246,

Gallus bankiva, probable original of do-
mestic fowls, i 245, 247-251, 257 ;
game-fowl, nearest to, i. 237 ; crassed
with G. sonneratii, i. 246 ; its cha-
racter and habits, i 246, ii, 88; dif-
ferences of varions breeds of fowls
from, i 272; ocelpital foramen of,
figuved, i. 274; skull of, figured, i
275; corvieal vertebra of, figured, i.
281 ; furculum of; figured, i, 282 ; re-
version to, in crossed fowls, i 13, 145
hybrid of, with @, varina, i. 246, ik
14; number of eggs of, ii, 60,

Gallus ferrugineus, 1. 287,

Gallus furcatus, i. 246,

Gallus gigantous, i. 246.

Gallus somneratii, characters and habits
of, I 245 hybrids of, i. 245, ii. 20.

Gallus stanleyi, hybrids of, i, 246,

Gallu; temininckis, probably n hybrid,
i 246.

Gallus varins, characters and habits of,
i. 246 ; hybrids and probable hybrids
of, i. 246,

Gartox, Mr., fondness of savages for
taming animals, i. 20, §i. 144 ; cattle
of Benguela, i. 91; on hereditary
talent, 1, 451 ; on Pangenesis, ii. 350,

Gaupier, Lord, his early cultivation of
the pansy, i. 892,

GAME-FOWL, i. 237, 263-265.,

GAPES, ii. 213,

GARCILAZO DE TA VEGA, annual hunts of
the Peruvian Incas, ii. 192,

Ganxerr, Mr., migratory propensities

of hybrid ducks, 1. 20,
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GArnoD, Dr., on hereditary %out,i. 451, | Gersg (anseres), general fertility of, in
GARTMER, on the sterility of hybrids, i. captivity, ii. 140,

201, §i. 79, 169; acquired sterility of
varieties of plants when crossed, i
381; sterility in transplanted plants,
and in the lilac in Germany, ii. 148;
mutual sterility of blue and red
flowerss of the pimperael, H. 1733
supposed  rules of transmission in
crossing plants, ii. 42; on crossing
plants, il 76, 107, 111, 112; on re-
peated crossing, ii, 2553 absorption
of ope species by another, when
crassed, ii. 653 crossing of varicties
of the pea,i. 4283 crosimg maize, i,
82 erassing of species of Verbascum,
i, 71, 83; reversion in hybrids, ii.
9, 28, 243 of Cereus, i. 425; of Tro-
ofum majus and minus, i 425 va-
riability of hybrids, il 253; varin-
ble hybrids from one variable parent,
i, 258; graft hybrid produced by
invculation in  the vine, i. 4193
effect produced by grafts ou the stock
i, 418, ii. 267; tendency of hybrid
plants to produce double flowers, il
1553 production of perfect fruit by
sterile hybrids, il. 156 ; sexual elec-
tive affinity, ii. 1643 self-impotence
in  Jobelia, Verbascwm, Liliwm, and
JPuagsiflora, ii. 117, 1185 on the action
of pollen, ii. 863 fertilisation of
Malee, i, 434, i, 356 ; prepotency of
pollen, 3. 171; prepotency of trans-
muission in species of Niootana, i, 433
bud-variation in Pelargonium zonale,
i, 402 ; in Enothera Inennds, i 407 5
in Ackitloa millefalivm, i. 440 3 effect
of manure on the fertility of plants,
3. 1473 on contahescence, i, 140-
150; ipheritance of plasticity, ii.*
907 : villosity of plants, ii. 267,
GASPARINT, & genus of pumpking,
foundsd on stigmatic characters, &,

)

Gfgmcnucn, bud-variation in the pear,
1. 401 ; apple-tree with two kinds of
feuit on branch, £ 429, Lo

GaY, on Fragoria grendiflora, 1. 278 ;
on Viola lutea and tricolr, i. 392 on
the nectary of Viola grandiflora, 1.
304. 3 Gk

(GAYAL, Jomestication of the i, 86.

Gavor. Se Moll.

GEMuaTION and fission, ii. 351,

GEMMULES, or cell-gmomules, il 870y
372-377, 880.

Gn&gmrxox, alternate, il. 854, 368,

GENERATION, sexual, ii. 352-357.

GENET, fertility of the, in captivity, ii.
154,

GENIUS, inheritance of, i. 451,

Gentiana amarelle, il. 152,

Grorenoy SamsT-Hinaee, production
of monstrous chickens, ii. 278; * Laoi
de Vaffinite de soi powr soi,” 1L, 5535
compensation of growth, ii. 3335,

GrorFroY SAINT-HILAIRE, ISiD., origin
of the dog, i. 16; barking of a juckal,
i. 28 ; period of gestation and odoar of
tho jackal, i. 31; anomwalies in the
teeth of dogs, i. 565 variations in the
yroportions of dogs, iid.; webbed
}cet of Newfoundland dogs, i. 413
crossing of domestic and wild cats, i,
463 domestication of the arni, i. 84,
supposed introduction of cattle into
Europe from the East, ibid. ; absence
of interdigital pits in sheep, i. 98;
origin of the goat, i. 105; feral gecse,
i. 200; ancient history of the fowl,
i. 25683 skull of the Polish fowl, i.
275 ; preference of the Romnans for
the liver of white geese, i. 5053
polydaciylism, i 457; assumption
of male characters by female bird, i
263 transmission and blending of
characters in hybrids, il 723 n%unl
of apimuls to breed in captivity, il
131; on the Guinea-pig, li. 1355;
silkworms producing white cocoons,
fi. 18%; on tha carp, ii. 2225 on
Helix lacton, ii. 270 ; on monstrosities,
ii. 2413 injury to the embryo a cause
of monstrosity, ii, 257 ; alteration in
the cont of horses in coal-mines, ii.
268 ; length of the intestines in wild
and tame annimals, i, 292, 2943 in-
heritance of rudimentary limbs in
the dog, I, 806G; correlation in
monstrosities, 1. 3125 supernu-
merary digits in man, ii. 314; co-
existence of anomalies, i 325,
presence of hairs aund  teeth in
ovarian tumours, i, 3655 develop:



454

GEOGRATIICAL.

INDEX,

GODRON.

—_———— -

ment of teoth on the palate in the
horse, ii. 375.

GrOGRAPMICAL diferences of faunus, i
10,

GEOLOGICAL successi
i. 11,

G eranivm, ii. 33.

Geranium phaum and pyrenaicum, il
246.

Geranium pratense, 1. 404,

GERARD, asserted climatal change "=
Burgundian bees, L. 314.

GERAIDE, on varieties of the hyacinth,
i 394,

GERSTACKER, on hive-bees, i. S15.

Grnrvals, Prof., origin of the dog, i.
16 ; resemblance of dogs and jackals,
i. 25; taming of the jackal, i. 27;
number of teeth in dogs, i. 36 ; breeds
of dogs, i. 38 ; on tertiary horses, i.
533 Biblical notices of horses, i. 57 ;
species of Ouis, i 97; wild and
domestic rabbits, i. 107; rabbits
from Mount Sinai and Algeria, i
109; enrless rabbits, i 112; batra-
chia with doubled limbe, li. 585.

GESTATION, poriod of, in the dog, wolf,
&e., L 80, 81; in the pig, i 77; in
cattle, i 90, ii. 813; in sheep, i.
101.

@esTures, inheritance of peculinrities
in, L. 450,

« GirooxDoOKs " u sub-breed of fowls,
i 241,

Gror-KHUR, ii. 17.

Gines, Mr., effect of cross-breeding in
the pig, i. 43¢.

GIRAFFE, co-ordination of structure of,
§i. 206.

GrrARD, period of appearance of perma-
nent teeth in dogs, i 36,

GIrAUD-TEULON, cause of
1. 453,

GIROU DR BUZAREINGUES, inheritancein
the horss, i. 455 ; reversion by age in
cattle, il 12 propotency of trins-
mission of character in sheep and
enttle, ii. 41; on crossing gourds, ik
86,

GissunNe, wild eattle at, i, 88,

Gladiolus, i. 388; seli-impotence of
hybrids of, ii. 121,

Gladiotus colvillii, bud-variation in, i.

4
short sight,

of organisms, |

407,

Gl;}.\':’;.)componsntory development of,

i 290,

GrastoNsuny thorn, i. 887,

GLENNY, Mr., on the Oineraria, ii. 184

GLOEDE, F., on strawberries, i, 3735.

GLOGER, on the wings of ducks, ii, 2

“ Grovarou  (pigeon), i. 162,

Gloxinia, peloric, i, 389 ; 1i. 150.

GMELLN, on red cats, at Tobalsk, i, 49,

Goar, i. 105, 106, ii. 6§ polydactylism
in the, i. 549; sexual differences in
horns of, ii. 49; valued by Soutn
Africans, ii. 193; Thibet, ii. 268;
amount of milk and development of
udders in the, ii. 290 ; horaless, rudi=
mentary bony cores in, Q. 306;
Angora, ii. 318,

GODINE, on prepotency of transmission,
il 41,

GopROK, odour of the hairless Turkish
dog, i. 81; differences in the skull of
dogs, i. 85; increase of breeds of
horses, i. 53; crossing of domestic
and wild swine, i. 69; on goats, i.
105, 106 colour of the skinin fowls,
i, 271; bees of north and south of
France, i. 814; introduction of the
silkworm into Europe, i. 817 ; vari-
ability in the silkworm, i 321 sup-
posed species of wheat, i. 330, 3315
on yilaps triticoides, i. 3503 vari-
able presence of barbs in grasses, &
8813 colours of the seeds of maize, i
839; unity of character in cabbages,
i. 542; correlation of colour an
odour, i. 348; effect of heat and
moisture on the cabbage, id.; on
the cultivated specles of Brassica, i
344 on the Rouncival and sugar
peas, i. 346; variation in the num-_
bers of peas in the same pod, i. 3473
wild vines in Spain, i. 352; on
raising peaches from seed, i. 3603
supposed specific distinctness of peach
nod nectarine, i, 861 ; nectarine pro-
ducing penches, i, 862; on the flower
of Corydalis, ii. 3363 origin and
variations of the plum, i. 367 ; origin
of the cherry, i. 368; reversion of
single-lenvod ~ strawberries, i 9755
five-leaved variety of Fragaria colling,
ibid.; supposed immutability of
specifie, characters, i. 381, 3823
varicties of Kobinda, & 38D ; per-



GOETHE. INDEX. GREENHOW. 455

manency of the simple-leaved ash, i
586 ; non-inheritance of certain
mutilations, i. 466; wild turnips,
carrots, and celery, ii. 73 peloria, ii.
84 ; preporency of a goat-like ram,
ii. 41; benefit of change of soil fo
plants, ii. 128; fertility of pelorie
flowers of Corydalis solida, ii. 1503
seeding of ordinarily seedless fruit,
ii, 1525 sexual sterility of plants
propagated by buds, &e., ii. 133 ; in-
crense of sugar in heet-root, ii. 1853
effects of selection in enlarging par-
ticular parts of plants, ii. 202;
growth of the eabbage in the tropics,
ii. 267; rejection of bitter almonds
by mice, ii. 218 influence of marshy
pasture on the fleece of sheep, ii. 268
on the ears of ancieat Egyptinn pigs,

fl, 201; primitive distinctness of

species, ii. 4103 solid-hoofed swine,
il 424,

GoeTHE, on compensation of growth,
it. 335.

Gornp-risH, L 312, 313, ii. 222,

GOMARA, on South American cats, i.

48,
Goxgona, number of seeds in the, il

378,

GooDMAN, three-toed cows, i 459.

GoosE, ancient domestication of, i. 302§
sacrod to Junoin Rome, ibid. ; inflexi-
bility of organisation of, L 503 ; skull
perforatel io tafted, #id.; charac-
ters of breeds and sab-breeds of, i
03, 504 ; variety of, from Sebastopol,
§, 804, ii, 986 feral, in La Platn, i.
180 Egyptian, hybrid of, with peo-
gnin duck, ii. 43; spontaneous
segregntion of varieties of, ii. 823
fortility of, jnereased by domestica-
tion, ii. 90; deerensed fertility of, in
Pogota, ii. 1433 sterility of, in the
Philippine Islands, % ; selection

of, Ii. 1883 white, preference of the |

Romans for the liver of, ii. 1943
sistency of character in, ii. 2413
gy ptiag, change in breeding season

f, ik 294,
g 376-378; bud-variation

GOOSEDERREY, i
in the, L 4003 Whitesmith'’s, il

218, ;
APPERT, 0D MONStrous poppees, §1. 150,

o, P Hey feral dogs iu Jamaics, i

|

48 feral pigs of Jamaica, i. 80;
feral rabbits of Jamaica, i. 1165 on
Cotumba lewcocsphala, i. 192; feral
Guines fowl in Jamaica, i. 198 re-
production of individual pecaliarities
by gemmation in a coral, i 5985
froquency of striped legs in mules,
i, 16.

GouLp, Dr., on hereditary hamorrhage,
i. 451

GouLp, Joux, origin of the turkey, i
308.

Goura coronala and Victoria, hybrids
of, L. 208, ii. 138.

GOURDS, i, 381; crossing of varieties of,
i 863 ancient Peruvian variety of,
i, 425,

GouT, inheritance of, i. 451 ; period of
appearance of, ii. b+

GRrABA, on the pigeon of the Fare
Islands, i. 192,

GRAFIING, ii. 129 effects of, ii 248,
267; upon the stock, i, 4134225
upon the variability of trees, ii. 246
changes analogous to bud-variation
produced by, i. 413, 415.

GRAFT-HYNRIDS, i, 418, 417422, ii. 860,

GRAPES, bud-variation in, i. 3095 cross
of white and purple, L 419 green,
linble to disease, ii. 330; effect of
foreign pollen on, i. 430. !

GRaAssEs, seeds of, used as food by
savages, i. 524026,

GRAY, Asa, superior wild yarieties of
fruit-trees, i, 3273 cultivated pative
plants of North America, i. 329, 4803
non-varintion of weeods, i. 335; sup-
posed spontaneous crossing of Cucur-
bitacea, i. 4303 pre-ordination of
variation, ii. 428; progeny of husked

. form of maize, i 339; wild inter-
medinte forwns of strawberries, i. 373,

Gray, G. R., on Columba gymnocyclus, i.
193,

Gaay, J. E., on Sus pliciceps, i. 723 oo
a variety of the gold-fish, i. 3133
hybrids of the ass and zebra, ii. 16,
17; on the breeding of animals at
Knowslay, ii. 1315 on the breeding
of birds in captivity, ii. 140

GreeNE, J. REay, on the development
of the echinodermnta, ii. 862,

Guuexnow, Mr., on a Canadian web
footed dog, i 41
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GREENING, Mr., experiments on Adraras
grossulariata, ii. 270,

GREGION, Mr., experiments on Abraras
grossulariata, ii. 270.

Gaey, Sir GEORGE, preservation of seed-
bearing plants by the Australian sa-
vages, i. 327 ; detestation of incest by
Australian savages, ii. 103,

GREYHOUNDS, &cu rt.ured on Egyptinn
monnments, and in the Villa of Anto-
ninus, i, 17 ; modern breed of) i. 43 ;
crossed with the bulldog, by Lord
Oxford, ii. 73 ; close interbreeding of,
fi. 100; eo-ordination of structuré
of, due to selection, i 200, 207 ;
Ttalian, . 212

GrEYNEss, ipherited at ' corresponding
periods of life, ii. 53,

GrIuve, Mr., on early-flowering dahlias,
i. 594,

GRrIGOR, Mr., acclimatisation of the
Scotch fir, . 300.

GroNLAND, hybrids of Eyilops and
wheat, ii, 88,

GrooyM-Narier, C. 0., on tha webbed
feet of the otter-hound, i, 41.

Gros, an Pangenesis, i, 350.

“ GROSS1S-GonGes ™ (pigeons), i. 148,

GROUND-TUMBLER, Indian, i, 157.

Gm;;ss, fertility of, in captivity, ii.
139,

Grus montigresia, cinerca, and antigone,
il 140,

GuaNacos, selection of, ii. 192,

GuaNs, general fertility of, in captivity,
i, 159,

GUELDER-ROSE, ii. 169,

GUELDERLAND fowls, i, 241,

Gurrana, selection of dogs by the Indians
of, ii, 191,

GriNea fowl, i. 310 ; feral, in Ascension
and Jamaion, i, 200, ii. 7; inditfer-
ence of, to change of climate, ii. 145,

GUINEA pig, §. 467, ii, 135,

GULDENSTADT, on the jackal, i. 25.

('3!.1’!.[..l hlerring. breading in confinement,
ii, 141,

Gb;’!.!.:,flwnoml sterility of, in captivity,

Gulo, stevinty of, in eaptivity, it 134,

Gisrren, A, on tufted ducks and
goess, i 2895 on the regeneration of
lost parts in batrachia, ii. 338.

tivity, ii. 187 ; appearance of  black-
shouldered ”” ‘among ondinary pea-
cocks, i. 306,

Hauprr, infiuence of, in scclimatisation,
ii. 302-305.

HACKEL, on fissiparous reproduction, ii.
357 ; on cells, ii, 366; on the double
reproduction of meduss, ii. 379 ; on
inheritance, ii. 391,

Hackras, peculiarities of, in fowls, i
268,

Hain, on the face, inheritance of, in
man, i, 449: peculiar lock of, in-
herited, ibid.; growth of, under
stimulation of skin, ii. 319; homo-
logous vaviation of, ii. 318 ; develop-
ment of, in the brain, ii. 386,

HAIr and teeth, correlation of) ii. 819~
321, .

Hamry family, corresponding period of
inheritance in, ii. 53.

HALF-casTES, character of, il. 21,

HALP-LOP rabbits, figured and deseribed,
i- 111, 112 ; skull of; i, 124,

Huliatus lewcocephalus, copulating in
captivity, il 137,

Havvuay, Col,, on o two-legged race of
pigs, i. 448,

HaLLET, Major, selection in ¢ereals, i,
184; on pedigree wheat, i. 832,

Hanpunsn fowl, i. 288, 274; figured,
i. 289.

Hayiurow, wild cattle of, i. 87.

HaMrLron, Dr,, on the assumption of
male plumage by the hen pheasant,
ii. 26.

Hayivroxn, F. BUCIHANAN, on the shad-
dock, i. 855 ; varieties of Indian culti-
vated plants, ii. 243,

Haxcock, Mr., sterility of tamed birds,
i, 198, 140,

HaNpwriTING, inheritance of pecu-
linrities in, i. 449,

Haxusm, Sir J,, on selection of flower-
seods, ii. 188,

HANSELL, Mr., inheritance of dark yolks
in duck’s eggs, i. 295,

Haroourr, E. V., on the Arab boar-
hound, i. 18: aversion of the Arabs
to dun-coloured horses, i. 58.

Hanoy, Mr., effect of excess of nonrish.
ment on plants, ii. 244,

GurxEy, Mr, owls breeding in cap- | Harg, hybrids of, with rabiit, 1. 109,
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HEWITT, 457

sterility of the, in confinemeat, ii.
135; preference of, for particular
plants, 1i, 218,

HaRg-LIp, inheritance of, i, 466.

Haruax, Dr., on hereditary diseases, i.
451,

HARTMAN, on the wild ass, i. 65.

HanrvEey, Mr., monstrous red and white
African bull, i. 95,

HARVEY, Prof, singular form of Begonia
Jrigida, 3. 389 ; effects of cross-breed-
ing on the female, i, 436 ; monstrous
saxifrage, ii, 150,

HAsORA wheat, i. 331,

HAUTBOIS strawberry, i 875.

HAwWERER, Col., on call or decoy ducks,
i, 206.

HAWTHORN, varieties of, i. 385, 387 ; py-
ramidal, i. 385 ; pendulous hybridised,
i, 461; changes of, by nge, i. 387,
413 ; bud-variation in the, i, 402;
flower buds of, attacked by bull-
finches, ii. 217,

Haves, Dr., charaeter of Esquimaux
dogs, 1. 22,

Havwoop, W,, on the foral rabbits of
Porto Santo, & 117.

Hazey, purple-leaved, i. 385, 419, ii.
324,

Hxap of wild boar and Yorkshire pig,
Sigured, i. 75.

Hzap and limbs, correlatod variability
of, ii. 315.

HEADACHE, inheritance of, ii. 55.

HEARTSEASE, L. 801-393 ; change pro-
duced in the, by transplantation, i
4133 reversion in, ii, 4, 22 ; effects of
selection on, ii. 1843 scorching of, il
214 ; effects of seasonal conditions on
the, ii. 263 ; annual varieties of the,
ii. 206.

Hx.vr,o affect of, upon the flecce of sheep,
i, 102,

Hepegr, Bishop, on the breeding of the
rhinoceros in captivity, ii. 152,

HEeorIpes, eattle of the, i. 84 ; pigeons
of the, i. 182,

Hugr, O.,, on the plants of the Swiss
lake-dwellings, i. 826, ii. 200, 422
on the cereals, i. 385-837; on the
pens, i 345; on the vine growing in
Italy in the Bronze age, i, 352,

Hunuaxy, potato~grafting, i. 422,

Heliz lactea, ii. 270,

Hemerocallis fulva nod flaza, interchang
ing by bud-varistion, i. 412,

HeMLoCK, yields no conicine in Scotland,
i, 264,

Heyp, differonces of, in various parts of
India, ii. 148; climatal difference in
products of, ii. 264,

Hexrseep, effect of, upon the colour of
birds, ii. 269.

HeruarHroDITE flowers, occurrence of,
in maize, L. 339,

HEN, assumption of male characters by
the, ii. 26, 29 ; development of spurs
in the, ii. 310.

“ Hexxies,” or hen-like male fowls, i.
264, :
HEexRry, T. A a variety of the ash pro-
duced by grafting, i. 418; crossing
of species of Bhododendron and Aralis,

i 431,

Hexsrow, Prof,, individual variation in
wheat, i. 332; bud-variation in the
Austrian bramble rose, i. 406 ; partial
reproduction of the weeping ash by
seed, i. 462,

HeraTiCA, changed by transplantation,
i 412,

Hemserr, Dr., variations of TViola
grandifiora, i. 392; bud-variation in
camelling, i. 401; seedlings from
reverted Cytisus adami, 1. 414;
crosses of Swedish and other turuips,
ii. 71 ; on hollyhocks, ii. 185; breed-
ing of hybrids, ii, 112 self-impotence
in hybrid hippeastrums, i, 120,121
hybrid Gladiolus, ii. 1213 or Zephyr-
anthes candida, ii. 147 ; fertility of
the crocus, ii. 148 ; on contabescence,
ii. 149; hybrid Rhododendron, i
253.

HERCULANEUM, figure of & pig found
in, i 71

Henox, Sir R, appearanca of * black-
shouldered” among ordinary pea-
cocks, i. 306, 307 ; non-inheritance of
monstrous characters by gold-fish, i
313 ; erossing of white and colonred
Angora rabbits;, i, 70; crosses ot

* solid-hoofed pigs, iid.

Herpestes fasciatus and grisens, 1. 134,

HEUSINGER, on the sheep of the Taren-
tino, il. 212; on corrolated constitne
tional peculiarities, ii. 531,

Hewirr, Mr,, reversion in bantam cocks,
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i. 251 ; degexaration of silk fowls, ‘i'.
255; partial sterility of hen-like

male fowls, i. 265; production of

tuiled chickenx by rumpless fowls, i.
271; on taming and resring wild
ducks, i. 292, ii. 219, 250 ; conditions
of inheritance in laced Sebright ban-
tams, i. 465; reversion in rumpless
fowls, ii. 4; reversion in fowls by
age, il. 135 hybrids of pheasant and
fowl, ii. 19, 48; assumption of male
characters by female pheasants, i
263 development of latent characters
in a barren bantam hen, ii. 20;
mongrels from the silk-fowl, ii. 423
effects of closa inter-breeding on fowls,
‘i, 105, 106; on feather-legged
bantams, ii, 314,

Hispert, Mr., on the pigs of the Shet-
land Islands, i. 74.

Hipsous.  See Paritium,

HicaLAND cattle, desconded fromBos
longifrons, i. 85,

Hitoenraxp, Dr., on graft-hybrids
with the potato, i. 420; on the in-
fluence of pollen on the mother-plant,
i.430; on the fertilisation of Orchidece,
i. 434, 435 ; occasional necessary eross-
ing of plants, ii. 63; on seeds not
fitted for distribution, i. 830 ; potato-

rafting, i. 420 ; crossing of varioties,
ii. 83 ; on Primaula sinensis and Oxolis
rosea, ii. 1133 on Corydalis cava, ii
113,114,

Hiuy, R., on the Aleo, i. 82; feral
rabbits in Jamaica, i. 116 feral pea-
cocks in Jumaica, i, 200 ; variation of
the Guinea fowl in Jamaiea, i. 3103
sterility of tamed birds in Jamaica,
ii. 138, 140.

HIMALAYA, range of gallinaceous birds
in the, i. 240,

HIMALAYAN rabbit, i. 112, 118-115;
skull of, i, 125.

HIMALAYAN sheep, i. 98,

Hixpuansa, Mr,, on Chillingham cattle,
i, 88,

“ Hixker-Tavse,” i 149, 150.

Hixxy and mule, difference of, ii. 43.

Hipparion, anomalons resemblance to, in

orses, i, 52,

Hippeastrum, hybrids of] ii. 120, 121,

Hive-ares, ancient domestication of, i
3155 breeds of, i. 314 ; smaller when

oduced in old combs, ¥hid. ; varmne
ility in, i. 315; crossing of Ligurisn
and common, id.
Honps, Fisuxr, on interbreeding pigs, il
100.

“ HocxER-TAURE,” i. 148,

HopGK1x, 1., on the attraction of foxes
by a female Dingo, i. 82; origin of
the Newfoundland dog, i. 44; trans-
mission of a pecalinr lock of hair, i
449

Hovesox, Mr., domestication of Canis
primaeus, i, 27; dovelopment of o
fifth digit in Thibet mastifly, i. 87 ;
number of ribs in humped cattle, i.
83; on the sheep of the Himalaya,
i. 98; presence of four mammme in
sheep, i. 99; arched nose in sheep,
ibid, ; measurements of the intestines
of goats, i. 106 ; presence of inter-
digital pits in goats, bid. ; disuse n
cause of drooping ears, ii. 201,

HOFACKER, persistency of colour in
horses, i, 83, 1. 464; production of
dun horses from parents of different
colours, i. 623 inheritance of peculi-
arities inhandwriting, i, 450 ; heredity
in a one-horned stag, i. 456; on
consanguineous marriages, ii. 103,

HorFyax, Prof., on Raphanus, i. 345,

Hoa, Red River, ii. 133,

HoGa, Mr., retardation of breeding in
cows by hard living, ii. 90,

Horraxp, Sir H., neoessity of in-
heritance, i 446; on hereditary
diseases, i. 451; hereditary pecu-
liarity in the eyelid, i. 452; morbid
uniformity in the same family, i. 459 ;
transmission of hydrocele through
the female, ii. 27; inheritance of
habits and tricks, ii. 389,

Howvy, varieties of the, i. 384, 9853
bud-roversion in, i. 409; yellow-
berried, i. 462, ii. 216,

HoLuynocx, bud-variation in, i. 4023
non-crossing of double varietics of
il. 85; tender variety of the, i,
301,

Hoxen, notice of geese, i, 3023 breed-
ing of the horses of Eneas, ii. 186.
HoMOLOGOUS parts, correlated varia-
bility of, ii. 814-325, 346, 347,
fusion of, ii. 833; affinity of, ii

333, 334
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H
H

00Fs, correlated with hair in varia-
tion, ii. 318,

o0oK-BiLLep duck, skull figured, L
297,

Hooxer, Dr. J. D, forked shoulder-

H
H
Hi

H
H

stripe in Syrian asses, i, 67; voice of

the cock in Sikkim, i. 272; use of

Arum-roots as food, L 824; native
useful plants of Australia, i, 328;
wild walont of the Himalayas, i.
379; variety of the plane-tree, i.
3986 ; production of Zhwuja orientalis
from seads of T. peadula, ibid.;
singular form of Begonia frigida, i.
589; reversion in plunts run wild,
il. 73; on the sugar-cane, ii, 153; on
Arctic plants, ii. 2443 on the oak
grown at the Cn}.xe of Good Hope, ii.
2645 on  Rhododendron <ciliatum, ii.
267 3 stock and mignonette perennial
m Tasmania, ii. 295,

OPKIRK, Mr,, bud-variation in the
rose, i 406; in Mirabilis jalapa, §.
407 ; in Corzolvulus tricolor, i. 440,
ORNBEANM, heterophyllous, i. 385,
orxED fowl, i. 2413 skull figured, i,
279. ¥

ORNLESS cattle in Paraguay, i 92.
oRNS of sheep, . 985 correlation of,
with fleece in sheep, ii. 318; corre-
Intion of, with the skull, il 327;
rudimentary in youug polled eattle,

. 1. 806 ; of goats, §. 106,

H

ORSES, in Swiss lake-dwoilings, i. 513
different breeds of, in Malay Archi-
pelago, iid. ; anomalies in osteology
and dentition of, i. 52; mutual
fortility of different breeds, i. 53;
feral, i. 543 habit of sevaping away
snow, i 5635 mode of production of
breeds of, i, 57: inheritance ard
diversity of colour in, i. 58; dark
stripes in, i. 58-63, il 843 ; dun-
colonred, origin of, i. 61; colours of
feral, 1. 63, 64; effect of fecundation
by a quagga on the subsequent pro-
geny of, i. 435 ; inheritance of poon-
liarities in, 1. 454, 456 : polydactylism
in, i, 459 inheritance of colovr inm,
i, 465; inheritance of exostoses in
legs of, 1. 469 ; reversion in, ii. 6,
15; hybrids of, with ass and zebra,
ii, 163 prepotency of transmission in
the sexes of, ik, 40 ; segregation of,

in Paraguny, ii. 80; wild spocies of,
breeding in captivity, i, 132 curly,
in Paraguay, ii. 189, 318; selection
of, for tritfling characters, ii. 1853
unconscious selection of, ii. 197,198 ;
natural selection in Cireassia, ii. 2103
alteration of coat of, in coal-mines,
ii. 268 ; degeneration of, in the Falk-
Jand Islands, ii. 267; dizeases of,
caused by shoeing, ii. 290; feeding
on meat, il. 294; white and white-
spotted, poisoned by mildewed vetches,
il. 331; analogous variations in the
colour of, ii. 541 ; teoth developed on
palate of, ii. 885; of Bronze period
in Denmark, ii, 423,

HORSE-CHESTNUT, carly, at the Tuileries,
i. 386; tendency to doubleness in, ii.
152,

HoRSE-RADISH, general sterility of the,
il 154,

“Houpay,” a French sub-breed of
fowls, i, 241,

Howanp, C,, on an Egyptian monument,
i. 175 on crossing sheep, iL 73
99,

Hue, on the Emparor Kbang-hi, ii
189 ; Chiuese varieties of the bam-
boa, ii. 243,

HumpoLoT, A., character of the Zame
bos, il 21; parrot speaking in the
language of an extinct. tribe, i, 1383
on Pulex penetrans, ii. 265,

Huxrniry, injurions effect of, upon
horses, i. 5.

Huumrenreys, Col, on Ancen sheep, i
104,

HUNGARIAN cattle, 1. 84,

Huxter, Jous, period of gestation in
the dog, i. 80; on secondary sexual
characters, i. 188; fertile crossing
of Anser ferus nnd the domestic
goose, i, 803; inheritance of pecu-
liarities in gestures, voice, &c,, 3. 450 3
assumption of male characters by
the human female, ji. 265 period of
appearance of heraditary diseases, ii
54 ; graft of the spur of a cock upon
its comb, ii, 2863 on the stomach ot
Larus tridentatus, ii. 292,

Huster, W., evidence against the in-
fluence of imagination upon the
offspring, ii. 251,

HutH, Mr., cloze interbreeding of rabbits
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ii. 100; conmanguincous marriages,

103,

Huorroy, Capt., on the variability of
the silk moth, i, 320; on the number
of species of silkworms, i. 316;
markings of silkworms, i. 318; do-
mestication of the rock-pigeon in
India, i. 194; domestication and
crossing of Gallus bankiva, i. 248;
reversion in goats from a cross, ii.
19, _

Hurcmissox, Col., liability of dogs to
distemper, i. 87.

Hoxusy, Prof, on the transmission of
polydactylism, i. 457 ; on unconscious
selection, . 178; on correlation in
the mollusca, ii. 312; on gemmation
and fission, ii. 351; development of
star-fishes, ii, 362,

HyacryTas, i. 394-396; bud variation
in, i. 411; graft-hybrid by union of
half bulbs of, i. 419; white, repro-
duced by seed, i. 463; red, ii.l 215,
3305 varieties of, recognisable b
the bulb, ii. 238, 1

HyacixTw, feather, ii. 169, 508

Hyacinthus orientalis, i. 5984.

Hybiscus syriacus, ii. 277,

Hynrivs, of hare and rabbit, i. 109;
of various species of Gallus, i. 245-
248 ; ofalmond, peach, and nectarine,
i. 358 ; naturally produced, of Species
of Cytisus, 1. 413 3 from twin-sced of
Fuchsia coccinea and fuljons, i. 426 ;
reversion of, 1. 425, 426, ii. 8, 22.24 ;
from mare, ass, and zebra, ii. 16; of
tame animals;, wilduess of, ii. 19, 20;
female instincts of sterile male, ii.
27; transmission and blending of
characters in, ii. 69-73; bread better
with parent species than with each
othier, ii. 112; selfsimpotence in, il.
118-1215 readily produced in cap-
tivity, ii. 133.

Hynmipisatiow, singular offects of, in
oranges, i, 357 ; of caerries, i. 369 ;
difficulty of, in Cucwbitm, i. 981;
of roses, i, 390,

Hysrmomsy, il 162-165; the cause of
A tendency to double flowers, ii. 156 ;
in relation to Pungenesie, ii. 381,

HYBRIOITY in cats, §. 46, 47 3 supposed,
of peach and nectarine, 1. 343,

Hydra, i, 308, ii 233, 352.

HyprANGEA, colour of flowers of), ine
fluenced by alum, ii. 267.
HyYDROCELE, ii. 27.
HYDROCEPHALUS, ii, 285,
;,ym‘l'curn calycinum, i1, 154
ypericwm crispun, ii, 212, 331,
HYPERMETAMORPHOSLS, il. 363.
HyperMETROPIA, hereditary, i. 452,

ICHTHYOFTYERYGIA, number of digits
in the, ii. 16,

Llee aquifolium, §. 462,

IMAGINATION, supposed effect of, on
ofispring, 1. 251,

Tmatophyilum miniatwn, bud-variation
in, i. 411,

IxcEsT, nbhorred by savages, ii. 108,

INcopaTiON, by crossed fowls of non-
sitting varieties, ii, 18,

INvia, striped horses of, i. 615 pigs of,
i. 69, 80; breeding of rabbits in, i,
116; caltivation of pigeons in, i
215.

ISDIVIDUAL variability in pigeons, i.
166-168.

IxaLEDEW, Mr., cultivation of Euro-
pean vegetables in India, i 153,

“INpisciy Taube,” i, 151,

INnERITANCE, i, 445473, ii. 366-369,
396; doubts entertained of, by
some writers, i. 446 ; importance of,
to breeders, i. 448, 447 ; evidence of,
derived from statistics of chances, i.
4493 of peculiarities in mau, i. 440~
451,457-460; of disense, i. 431, 452,
4605 of peculiarities in the eyc, i 452-
454; of deviations from symmetry,
i 457 ; of polydactylism, i. 4574603
eapriciousness of, i. 4604605 ; of muti-
lations, i. 466 ; of congenital monstro-
sities, itud, ; canses of absence of, i. 467~
4725 by reversion or atavism, ii. 1=
86; its connection with fixadness of
character, ii. 37-39; aflected by pre-

otency of transmission of character,
ii. 4047 ; limited by sex, 1. 47-01 ; at
corresponding periods of life, ii, G1-
57 ; summary of the subjoct of, ii. 57—
61; laws of, the snme in seminal and
bad varieties, i. 442; of chavacters
in the horse, i, 533 in cattle, L. 503
in Tabbits, i, 111 ; in the peach, i. 3603
in the nectarine, ¥id.; in plims, i»
368; in apples, i 3725 in pears
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#bid. ; in the pansy, i 893; of pri-
mary charactors of Columba licia in
crossed pigeons, i. 211; of pecu-
liarities of plumage in pigeons, i. 169,
170; of peculiarities of foliage in
trecs, i. 385; effects of, in varieties
of the cabbage, i. 344,

IysaxiTy, inheritance of, 1. 451, ii.
55

Ixspers, regeneration of lost parts in, i
858, ik, 284 s agency of, in fecundation
of larkspurs, i. 464 ; offect of changed
conditions upon, ii. 141; sterile
nenter, ii. 171; monstrosities in, ii.
257, 385

© IxsTisors, defective, of silkworms, i.

INTEREREEDING, close, ill effects of] i,
92-111, 159.

INTERCROSSING, of species, as & cause of
variation, §. 197 ; natural, of plants,
i. 856; of species of Canide and
breeds of dogs, i 82-34; of domestie
and wild eats, i. 46, 47 ; of breeds of
pigs, i. 74, 81; of cattle, i, 86; of
varieties of cabbage, i. 843 ; of pens,
i, 345, 348, 549; of varieties of
orange, 1. 857 ; of species of straw-
berries, I 373, 874 of Cucterditer, i.
380, 381; of flowering plants, i, 388 ;
of pansies, i. 592,

[STERDIGITAL pits, in goats, i. 106,

INTERMARRIAGES, close, ii. 102, 103,

INTESTINES, clongation of, in pigs, i
77; relative measurement olP parts
of, in goats, i, 106 ; eflects of changed
diet on, ii. 202,

Ipomaa purpuirea, ii. 108,

IRELAND, remains of Bos fronfosus and
Umqifrons found in, i. 85,

1nis, hereditary absence of the, i. 454
hereditary peculiarities of colour of
the, #%ad. ; variation of, i, 412.

Tris xiphium, i. 412,

Imisy, ancient, selection practised by
the, ii. 187.

Irox period, in Europe, dog of, i. 18,

1sLANDS, oceapic, secarcity of useful
piants on, i. 828,

IstAY, pigeons of, i. 193,

IgoLaTION, effect of, in favour of selec-
tion, ii. 219, 220,

ITaLy, Vine-growing in, during the

" Brouze period, i, 352,

vy, sterility of, in the north of Europe,

ii. 154,

JAcE, Mr,, effect of foreign pollen on
grapes, i. 430.

JACRAL, i. 25, 28, 81 ; hybrids of, with
the dog, i. 83; prepotency of, over
the dog, ii. 43.

Jacksox, Mr,, white-footed cats, ii.
316.

JAcoBIN pigeon, i. 161, 218,

JACQUEMET-BONNEFORT, on the mul-
berry, i. 354,

JarGer, Prof,, on reversion in pigs,
from a cross, ii. 17; white pigevns
killed by hawks, ii. 215.

Jaguan, with crooked legs, i. 17,

Jaxaica, feral dogs of, i. 28; feml
pigs of, i. 80; feral rabbits of, i. 116.

Jaueson, Mr., on hybrid potatoes, i.
421,

JaraN, horses of] i. 56,

JAPANESE pig (\f'ig'ured), i 72,

Janpixe, Sir W., crossing of domestic
and wild cats, i, 46.

Janves, J, silkworm in the Sandwich
Islands, i. 318,

JAva, fantail pigeon in, i. 153,

JAVANESE poaies, i, 56, 61,

JEITTELES, history of the dog, i. 153
history of the fowl, i, 258; Hun-
garinn sheep-dogs, i. 24 ; ercssing of
domestic and wild eats, i, 46,

Jemmy Burrox, i 826.

Jexvys, L, whiteness of ganders, 1.
303; sunfish-like variety of the
goldfish, i. 313,

JERDON, J. C,, number of eggs laid by
the pen-hen, ii. 191; origin ot
domestie fowl, i. 248.

JersEy, aborescent cabbages of] i. 841,

JESSAMINE, i. 418,

Jesse, G. R, on the bulldog, i. 44,

Joux, King, importation of stallions
from Flanders by, ii. 187,

JonxsoN, D., eccurrence of stripes on
young wild pigs in India, i, 80,

JORDAN, A., on Vibert's oxperiments on
the vine, i. 552; origin of varictics
of the apple, i 872; wvarieties of
pears found wild in woods, i1 247,

JOURDAYN, parthenogenesis in the silk-
moth, iL. 357,

| Juax pe Nova, wild dogs on, i. 27.
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JUAx FERNANDEZ, dumb dogs on, i. 27,

Juglans regia, i. 379,

Juxkes, Prof., origin of the Newfound-
land dog, i 44,

Jurigx, Stanislas, early domestication
of pigs in China, i. 71; antiquity of
the domestication of the silkworm i
Chins, i. 316.

JUMPERS, a breed of fowls, i, 241.

JUNIPER, variations of the, i. 385, 387,

Jwiiperus suecicn, i. 385,

Jussiwa grandiflora, ii. 154.

Jussisu, A. de, structure of the pappus
1 Carthamus, il 307,

KA1L, Scotch, reversion in, ii. 5.

Kavzs, i. 341.

“KaLl-par ” pigeon, i. 149,

Kary, P., on maize, i. 340, ii. 298; in-
troduction of wheat into Canada, i
833; sterility of trees growing 1a
marshes ind dense woods, ii. 154,

o 1\;)“,)!1 LOTAN " tumbler pigeon, i

a7.

KAxg, Dr., on Esquimaux dogs, i. 22.

Karagcorn sheep, i. 102,

KARKEEK, on inheritance in the horse,
i. 455,

“ Kanmerarex Taube,” i, 164.

KARSTEN on Pulex penctrans, ii. 265,

KATTYWAR horses, i. 61,

KeeLey, R., pelorism in Galeobdolon
Tutewm, ii. 33,

KEnseR, on the culture of Alpine
plants, il. 147; definite action of
conditions, ii, 271,

Kssrair, breeding in captivity, ii. 137,

“ KuaNpiss,” i, 147,

KHANG-111, selection of a variety of rice
by, ii. 189,

Kiaxg, ii, 17,

Kipp, on the canary-bird, i. 811, ii. 53,

EIDNEY bean, i, 396; varieties of, ii.
243, 265,

Kipxeys, compensatory development

. of the, ii. 280; shape of, in binds
influenced by the form of the pelvis,
il 336,

Kixa, Col., domestication of rock doves
from the Orkneys, i. 193, 194,

Kixg, Dr., on Paritium, i. 402.

Kixg, P. P., on the dingo, L. 21, 28.

Kwmsy and Spence, on the growth of
galls, il 273,

KIRGHISIAN sheep, i. 102,

Krre, breeding in captivity, fi, 187,

KLEINE, variability of bees, i. 314,

KXIGHT, ANDREW, on crossing horses of
different breeds,i. 53 ; crossing varie-
ties of peas, i, 345, ii. 110; persis-
tency of varieties of peas, i. 348;
origin of the peach, i. 357 ; hybridi-
sation of the morello by the Elton
cherry, i. 368; on sepdling cherries,
i. 869; variety of the apple not
attacked by coccus, i. 871 ; intercross-
ing of strawberries, i. 873, 374 ; broad
variety of the cock’s-comb, i. 889;
bud variation in the cherry and
plum, i. 399 ; crossing of white and
purple grapes, i. 419; exporiments
in crossing apples, i. 433, ii. 110;
hereditary disease in plants, i. 4553
on interbreeding, ii. 95; ecrossed
varieties of wheat, ii. 110; necessity
of intercrossing in plants, ii. 1593
on variation, ii. 248, 244; cffects of
grafting, 4. 413, ii. 267 ; bud-varia-
tion in a plum, ii. 281; correlated
variation of head and limbs, 515.

Exox, Mr.,, breeding of the eagle owl
in captivity, ii. 187.

KocH, degeneracy in the turnip, i.

KonLrARL, i. 342,

KOLREUTER, reversion in hybrids, i
425, ii. 9; acquired sterility of
crossed varieties of plants, i. 381,
il. 79; absorption of Afirabilis vul-
garis by AL longiflora, ii. G5 ; crosses
of species of Verbascwm, ii. 71, 853
on the hollyhock, ii. 85; crossing
varieties of tobacco, ii. 87 ; benefits
of cressing plants, ii. 110, 111, 159,
160; selt-impotence in Verbascum, i
118, 122; effccts of conditions of
growth upon fertility in Mirahiis, ii.
147 ; great development of tubors
in hybrid plants, ii. 156; inheritance
of plasticity, ii. 227; variability of
hybrids of Bfirabilis, ii. 258; repeated
crossing a cause of variation, ii, 254,
256 3 number of pollen-grains meces-
sary for fertilisation, ii. 856.

“ Kravsesonwrny,” i. 70. )

Knous, on the double reproduction of
Medusm, i, 379. -

“ Kpopp-Tavsex,” i, 143,
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LaBAT, on the tusks of feral boars in
the West Indies, i. 180; on Freach
wheat grown in tho West Indies, ii.
287; on the culture of the vine in
the West Indies, i, 298,

Lasunxvy, Adam's, seo Cytiswe adami ;
oak-leaved, reversion of, i. 408; pelo-
rism in the,ii. 338; Waterer's, i. 416,

LACHMANS, on gemmation and fission,
ii. 351,

Lachnanthes tinctoria, ii. 212, 330,

LacraTioN, Imperfect, hereditary, i,
4523 deficient, of wild apimals in
captivity, ii. 142,

LADRoNE Islands, cattle of, i. 89,

LA Gasca, Prof., individual variation in
whent, 1. 832,

Laixg, Mr., resemblance of Norwegian
and Dovonshire cattle, i, 85,

Laxs-pweLuixes, sheep of, L 98, il
423 ; cattle of, #id.; absence of
the fowl in, i. 258; cultivated plants
of, . 387, H. 423, 424 cereals of] i,
B335-3587; peas found in, i 845;
beans found in, i. 349,

LAMARE-PIQUOT, observations on half-
bred North American wolves, i. 22,

Laxpenr, A, B., on Thyja pendula or
Jiliformis, 1. 386.

LAMDERT family, i. 448, i, 53,

uunm;rz. on e;tmwbmies, i. 873,
874 ; five-leaved variety of Fragaria
collina, i. 375, 4

Laxor, L, on sheep in the Farce
Islands, ii. 81,

LANKESTER, RAY, on longevity, i1. 876,

LA PLATs, wild dogs of) i. 28; feral
cat from, i, 49,

Larch, i, 301,

LARKSPURS, Insect agency necessary for
the full fecundation of, i. 464,

Larus argentatus, ji. 141,292,

Larus tridactylus, ii. 292,

LASTERYE, merino sheep in different
countries, i, 103,

LATENT characters, ii. 25-31.

Latitax, on the fowl not breeding in
the extreme north, ii. 144,

Lathyrus, ii. 11,

Luthyrus aphaca, ii. 835,

Lathyrus edoratus, i, 426, 463, 1i, 68,71,
02,

LA Tovene, J. D., on s Canadian apple
with dimidiate fruit, i, 423, 426,

“ Latz-Tauss," i, 162,

LAUGHER pigeon, i. 153, 217.

Laurus sassafras, ii. 264.

Lawrexce, J., production of a new
breed of foxhounds, i. 427 occurrence
of canines in mares, i. 52; on three-
parts-bred horses, i. 57; on inheri-
tance in the horse, i. 454, 455.

Lawsox, Mr., varieties of the potato, i.
350.

Laxroy, Mr., bud-variation in the
gooseberry, i 400; crosisg of
varieties of the pea, i, 428, 420,
weakness of transmission in peas, ii,
42; double-flowered peas, ii, 152,

LAYARD, E. L., resemblance of a Calire
dog to the Esquimanx bréed. i 26, ii.
276 ; crossing of the domestic cat
with Felis eaffra, 1,46 ; feral pigeons
in Ascension, i. 200 ; domestic pigeons
of Ceylon, i. 215; on Gallus standeyr,
i. 2465 on black-skinned Ceyloness
fowls, 1. 269,

Le Coxrre fumily, blindness inherited
in, ii. 54.

Lecoq, bud-variation in Mirehiliz jalupa,
i. 407 ; hybrids of Mirobilis, 1. 325,
i, 153, 253 ; crossing in plants, ik
108; fecundation of Passiffora, 1. 1183
hybrid Gladiolus, 1. 1215 sterility of
Hawmenlus ficaria, i1, 154 ; villosity in
plants, ik 267 ; double asters, i, 507,

Lt CotrTruR, J, varieties of wheat, i.
331-334 ; acclimatisation of exotic
wheat in Europe, i. 333 ; adaptation
of wheat to soil and climate, id, ;
selection of seed-corn, i, 385 ; evil from
inter-breeding, il. 101; on change of
soil, . 129; selection of whéat, ii.
184; patural selection in wheat, i
218; cattle of Jersey, il. 220,

LEDGER, Mr., on the liama and alpacs,
ii. 1935,

Leg, Mr., his early culture of the pansy,
i 301

Lersia oryzoides, i, 69, .

Ll-:grm:n, period of gestation in eattle, 3,

0,

Leorary, falsified experiments of, ii.100,

Leas, of fowls, effects of disuse on, i
284-287 ; characters and variations
of, in ducks, . 200-302,

LecUaT, cattle of the Cape of Good
Hope, 1, 91,
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LEFAMANN.

INDEX.

LIVINGSTONE.

Luumaxy, oceurrence of wildidouble-
flowered vlants near a hot spring, .
152,

LeiguTox, W. A, propagation of a
weeping yew by seed, i. 461,

Lerrses, effects of removal of anthers,
i, 151,

LeMMiNg, it. 135,

LeMOINE, variegated Symphytum and
Phioz, i. 410, )
LEMOX, i. 355, 356 ; orange fecundated

by pollen of the, i. £30.

Luatunrs, hybrid, ii, 136,

Lerorines, ii. 135,

Lepsivs, figures of ancient Egyptian
dogs, i, 17 ; domestication of pigeons
in ancient Egypt, 214.

Lepus glacialis, §, 116,

Lepus magellanicus, i, 117,

Jepas nigripes, i. 113,

Lopus tibetanys, i. 116,

oariabilis, i. 115,

LERENOULLET, double monsters of fishes,
il. 333,

LEsLIE, on Scotch wild cattle, i. 88,

LessoNA, on ro-growth, ii. 858; on
Lopus magellanions, i, 117. 1

LETunRIDGE, previous impregnation, i.
435,

Letcckart, on the larva of Cocidomyida,
1. Bod.

Lrwes, G, H, on Pangenesis, ii. 350.

Lewis, G., cattle of the West Indies, ii.
214,

Luernerts and Quatrefages, on the
harses of Circassin, ii. 80, 210,

Licuexs, sterility in, ii. 153,

LicueNsrelN, resomblance of Bosjes-
man’s dogs to Canis mesomelas, i. 26 3
Newfoundland dog at the Cape of
Good Hope, i. 87.

L1ERIG, differences in human blood, ac-
cording to complexion, ii. 265.

LIEBREICH, occurrence of pigmentary
retinitis in deaf-mutes, ii. 522,

LivAcs, ii. 148,

LILIACE.®, contabescence in, il 149,

Litisum bultaforum and davuricum, i, 451

Lalium candidion, ii. 118,

Liuns, regeneration of, il. 370,

Liues and head, correlated variation of,
i1, 315,

Live, effict of, upon shells of the mol- l

lusea, i, 270,

Lime-TRER, changes of, by age, i. 387-
L4413,

LDOTATION, sexnal, ii, 47-51.

LIMITATION, supposed, of variation, fi.
412,

Linaria, pelorism in, ii. 82, 35, 88; pe-
loric, crossed with the mormal forr,
ii. 465 sterility of, ii. 150,

Lim;r_i_x ;u)lgan‘a and purpured, hybrids
of, ii. 72.

Lixpemuri, potato-grafing, i. 422,

LixpLay, Jox‘:x‘;, dﬁiﬁmtiﬁn of varie-
ties of cabbages, i. 342 ; origin of the
peach, i, 357; influence of soil on
peaches and nectarines, i. 360 ; varie-
ties of the peach and nectarine, i.
564; on the New Town pippin, L
8703 freadom of the Winter Majetin
apple from coccus, iid, ; production
of monecious Hautbois strawhberries
by bud-selection; i. 875; origin of
the large tawny nectarine, i. 399;
bud-varintion in the gooseberry, i
400; hereditary disease in plants, i.
455; on double flowers, ii. 151;
seeding of ordinarily sesdless fruits
il 152 ; sterility of Acorus calams,
iL. 154 ; resistance of individual plants
to cold, ii. 299,

Lixsaus, summer and winter whent
regarded as distin®t species by, i
833; on the single-leaved straw-
berry, i. 8753 sterility of Alpine
plants in gardens, ii. 147 § recognitior.
of individual reindeer by the Lap-
landers, ii. 238; growth of tobaceo
in Sweden, ii. 298.

LINNET, ii. 141,

Linota vannalana, ii. 141,

Linwm, ii. 149,

Liox, fertility of, in captivity, ii. 183,
134,

Lipany, feral rabbits of| i. 118.
LiviNgstoNE, Dr., striped young P.E
on the Zambesi, i. 80 ; domestic Ta
bits at Loanda, i. 116 ; use of gras
seods as food in Africa, i 3265 plant-
ing of fruit-trees by the Bawkni, i
326 ; churacter of half-castes, ii. 213
taming of animals among the Barotse,
ii. 144; selection practised in South

Africa, fi. 191, 194,
LiviNGstoxs, Mr., disnse & canse of

| drooping ears, ik 291,
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LTOAS,

L1zanros, reproduction of tail in, ii. 284,

LrnAMA, selection of, fi. 192, .

Lioyp, Mr., taming of the wolf, i. 27;
English dogs in northern Europe, i.
37 fertility of the goose increased
by domestication, i. 303; namber of
eges laid by the wild goose, ii. 91;
breeding of the capercailzie in cap-
tivity, ii. 139,

Loaxpa, domestic rabbits ag, i, 116,

Loasa, hybrid of two species of, ii. 76.

Lobelia, reversion in hybrids of, i. 425 ;
eontabescence in, ii. 149,

Tohelia fulyens, cardinalis, and syphili-
tioa, it 117.

bogl:élm, Dr., on Chinese pigeons, i.
216,

LOCUST-TREE, ii, 264.

LosrLeun-DestoNGomars, originals
of cultivated plants, i. 324; Mon-
golian varieties of wheat, i. 331;
characters of the ear in wheat, fhid. ;
acclimatisation of exotic wheat in
Europe, i. 3323 effect of change of
climate on wheat, i. 334 ; on the sup-
posed necessity of the coincident
variation of weeds and cultivated
plants, i. 835; advantage of change
of soil to plants, ii. 128,

Lolivm temulentum, variable presence
of barbs in, i. 331.

LONG-TAILED sheep, i, 98,

Loocnoo Islands, horses of, i, 535.

Lorp, J. K., on Canis latrans, i. 22.

4 Lort RBAJAN," how produced, i. 269,

Lorius garrudus, i, 269,

% Lorax " tumbler pigeon, i. 157.

LounoN, J. W., varictics of the carrot,
i. 345 ; short duration of varieties of
seas, i, 348; on the glands of peach-
eaves, L 3 presence of bloom on
Russinn apples, i. 370; origin of
varieties of the apple, i. 372; varie-
ties of the gooseberry, i. 876; on
the nut tree, i. 379 ; varicties of the
ash, i. 884; fustigate juniper (/.

suecica), 1. 385; on flex ayifolium |

ferox, ibid, ; varioties of the Scotch
fir, i. 886, 887; wvarieties of the
hawthorn, i. 8873 variation in the
persistency of leaves on the elm and
Turkish oak, i. 386; importance of
cultivated varieties, i, 387 ; varieties
of Eosa spinosissimd, i. 391 ; variation
VoL, 1L

of dahlias from the same seed, i. 394,
production of Provence roses from
seeds of the moss rose, i. 405; sffect
of grafting tho purple-leayed upon
the common huzel, i. 419; inter-
crossing melons, ii. 110; nearly
evergreen Cornish variety of the elm,
ii. 301,

Low, G., on the pigs of the Orkney
Islands, i. 74.

Low, Prof.,, pedigrees of greyhounds, i
447 ; origin of the dog, i. 16; bur-
rowing instinct of a half-bred dinge,
i. 28; inhoritance of qualities in
horses, i, 53 ; comparative powers of
English race-horses, Arabs, &e., 1 575
British breeds of cattle, i, 83; wild
cattle of Chartley, i. 88; effect of
abundnnce of food on the size of
cattle,i. 95 ; effects of climate on the
skin of cattle, i, 96, ii. 8319 ; on inter-
breeding, ii. ¥5; selection in Hereford
cattle, ii, 199; formation of new
breeds, ii. 231; on * sheeted ” cattle,
ii. 341,

Lowg, Mr., on hive boees, i, 516.

Lowg, Rev. Mr., on the range of Pyrus
malus and P, acerta, i. 370,

Lowxe, Mr.,, monsters, ii. 333; on
gemmules, ii. 372,

% Lowrux " tumbler pigeon, i. 157,

Loxia pyerioda, ii. 137,

Lunnock, Sir J., developments of the
Ephemeride, ii. 361,

Lucas, P, effects of cross-breeding on
the female, i. 436 ; hereditary diseases,
L. 451, §i, 54, 55; hereditary affections
of the eye, i. 453,454 ; inheritance of
anomalies in the human eye and in
that of the horse, i. 454; inheritance
of polydactylism, i. 458; morbid
uniformity in the same xznmily, i
459; inheritance of mutilations, i,
4695 persistency of cross-reversion,
ii. 9; persistency of character in
breeds of apimals in wild countries,
ii. 893 prepotency of transmission, ii.
40, 44; supposed rules of trans-
mission in crossing avimals, i, 443
sexual limitations of transmission of
peculiarities, ii 48, 49 ; absorption of
the minority in' crossed races, i 65 ;
crosses without blending of cortain
charaeters, ii. 89 on interbreeding,

2 H
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LUCAZE,

INDEX,

MARCEL

ii. 95; variability dependent on re-
production, ii. 237 ; period of action
of variability, il. 247 ; inberitance of
deafness in cats, il. 322; complexion
and constitution, ik 329.

Luoaze - DuTHIERS, structore
growth of galls, ii. 272-274.

LUCAE, Prof., on the masked pig, i. 72;
on pigs, il. 289,

Luizer, grafting of a peach-almond ox
n peach, i, 359

LiTKE, cats of the Caroline Archipelago,
i. 40,

Luxuniaxce, of ve%etntiu organs, a
cause of sterility in plants, ii. 152,

and

153.

L.YONNET, on thescission of Nais, if, 351.
ysimachia laria, sterility of, ii.
154,

ZLythrum, trimorphic species of, ii. 394.

Lythrum salicaria, ii. 166 contabescence
in, ii. 149, i

Lytta vesicatoria, affecting the kidueys,
ii. 873,

Macacus, species of, bred in captivity,
ii. 185.

MACAULAY, Lord, improvement of the
English horse, ii. 197.

CLELLAXD, Dr., variability of fresh-
water fishes in India, ii. 246.

M‘Coy, Prof., on the dingo, i. 26.

MACPAYDEN, influence of soil in pro-

ducing sweet or bitter oranges from
the same seed, i. 355,

MACGILLIVRAY, domestication of the
rock-dove, . 194; feral pigeons in
Scotland, i, 200; number of vertebra
in birds, i, 280; on wild geese, i.
302 ; number of ¢ggs of wild and tame
ducks, it 91. : :

MackENZIE, Sir G., peculiar variety of
the potato, i. 350, oo B

Mackeszig, P., bud-variation in the
curran, i. 400,

MACKISNON, Mr., horses of the Falkland
Jslands, i. 553 feral cattle of the
Falkland Islands, i. 89. )

MacKNiGHT, C., on interbreeding cattle,
ii. 96,

MaoNAB, Mr., on seedling weeping
birches, i. 461; non-production of
the weeping beech by seed. L 462.

MANAGASCAR, cats of, i. 40,

Mapbps, H., on interbreeding cattle,
ii. 96,

MADEIRA, Tock pigeon of, i. 183,

Magnolia grandifiora, ii. 299,

Maoxus, Herr, on potato-grafting, i
422 ; on graft-hybrids, i. 423, 424.
MaizE, its unity of origin,i. 338; anti-
quity of, ibid.; with husked grains
said to grow wild, #id.; variation of,
i. 239 ; irregularities in the flowers
of, i. 339; persistence of varieties,
ibid, ; adaptation of, to climate, i.
340, ii. 297 ; acclimatization of, ii.
304, 339 ; crossing of, i. 430, ii. 82,
83; extinct Peravian varieties of, ii.

421,

Mavay fowl, i. 237,

MArAY Archipelago, horses of, i. 583
short-tailed cats of, i. 49; stripes
young wild pigs of, i. 80; ducks of,
i. 204,

Marg, influence of, on the fecundated
female, i, 428437 ; supposed influence
of, on offspring, it 44.

Mars flowers, appearance of, among
female flowers in maize, i 339,

MALFORMATIONS, hereditary, 1. 55,

Maraxori-NoveL, on sheep, i. 100;
cross-breeding sheep, ii. 45; English
sheep in France, ii. 220.

Mary, eyes of flat fish, ii. 28,

Malva, fertilisation of, i. 434, ii. 856.

Mamestra suasa, ii. 141,

Maxyg, variable in number in the pig,
i. 77; rudimentary, occasional full
development of, in cows, i. 91, ii
809; four present in some sheep, i.
99 ; variable in number in rabbits,
i. 1103 latent functions of, in male
animals, ii. 27, 309,

MANGLES, Mr,, annual varielies of the
heartsease, ii. 295.

MANTEGAZZA, abnormal growth of spur
§£ looc:k, ii, 865; on Pangenesis, if.

il

MANTELL, 1., taming of birds by the
New Zealanders, if. 144,

MAxU, domestic fowl noticed in the Ine-
stitutes of, i. 258,

MANURE, effect of, on the fertilily of
plants, ii. 147,

MANX cats, i, 48, i, 41,

MARCEL DE SERRES, fertility ¢ tne os-
trich, il 140,
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AEMBRANES,

3 anrassE Islands, varieties of Pan-
danus in, ii, 243

MARKHAM, GERVASE, on rabbits, i. 108,
il 188,

M ARKHOR, probably one of the pareats
of the geat, i. 105.

MARQUAND, cattle of the Channel
Islands, i. 84.

M ARRIMPOEY, inheritance in the horse,
i. 455,

MARROW, vegetable, i. 380.

M ARRYATT, Capt., breeding of asses in
Kentucky, ii. 223.

MarSDEN, notice of Gallus giganteus, i.
246,

MAnsiarL, Dr. W., on Gallus sonneratii,

i. 245.

M ARSHALL, Mr., voluntary selection of
pasture by shcer, i, 100; adaptation
of wheats to soil and climate, 1. 334;
« Dutch-buttocked” cattle, & 4523
sogregation of herds of sheep, ii. 813
wivantage of change of soil to wheat
and potatoes, ii. 128; fashionable
¢hange in the horos of cattle, ii, 1953
sheep in Yarkshire, ii. 221,

MantENS, E. VOX, on Achatinella, ii.
28. "
army, W. C. L, arigin of the dog, i.

¥ 163 E'gypt'wn dogs, & 19; barking of
3 Mackenzie River dog, i. 27 ; African
Jiomnds in the Tewer menagerie, i
%3 ; on dun horses and da]fpled asses,
5. 583 breeds of the horse, i.91; wild
horses, i 533 Syrian hrea_ds of nsses,
i, 653 asses without stripes, i. 663

’ i
css-breeding on the female
i Jegs of mules,

in dogs, i 4363 strip
i, 16.
M ARTINE, -dafec

i. 821
N ;:f-:;;’, C., fruit-trees of Stockholm,

tive instincts of silk-

il 207. LN ;
)l;:ozs. W., bud-variation in the ash, i
408. s :
Dr., o0 pud-variation Ao
M"i::'gon 1 403; potato-graftiog,
i 421 o pollen within ovules, ik
s ;on in the spiral-leaved

. y 08; on peloric
10w, | Phpele o
weepmgﬁ“ ‘u’l; on Opuntia, 1. ?:_4;
flowers, il- 528 C0 G 332 ;g%s:;:;on
Jorism, il 338, 908,
asa oAUL o ﬁﬁis(en’ee of varieties

§{asTERS, MY

of peas, i. 348 ; reproduction of colour
in hyacinths, i. 463; on hollyhocks,
ii. 85 selection of peas for seed, ii.
184 ; on Hibiscus syriacus, ii. 276 ; re-
version by the terminal pea in the
pod, ii. 840.

MAaSTIFF, sculptured on an Assyrian
monument, . 17, ii. 424 ; Tibetan, &
37, ii. 268,

M;guxwa, PATRICK, on forest trees, ii

Matthiola annua, i. 429, 463, ii. 71,

Maltkiola incana, i, 407, 429,

MAvcHAMP merino sheep, i 104,

MAUDUYT, crossing of wolres and dogs
in the Pyrenees, i. 24,

Mf.qxi'l;,o Mr., crossed varieties of wheat,
i 110.

MAUPERTUIS, axiom of “least action,”
i 13,

MAURITIUS, importation of goats into,
i. 105,

Maw, G., effects of change of climate,
ii. 300; correlation of contracted
Jeaves and flowers in pelargouiums,
ii. 824, 825,

Mawz, fertility of Brassica rapa, ii. 148,

Manillaria, self-fertilised capsules of, il
114,

Maxzillaria atro-rubens, fertilisation of,
by M. squaiens, ii. 114.

MaXTMOWICE, direct action of pollen, i.
431,

MAYERS, on gold-fish in China, i. 812.

Maves, M., self-impatence in Amaryllis,
ii. 120,

MeCKEL, on the number of digits, i.
458 ; correlation of abnormal muscles
in the leg and arm, ii. 314,

Mepusa, development of, ii. 364, 379,

MEeENAN, Mr., weeping peach, i 4613
effects of parnsites, ii. 2784 compari=
con of European and American trees,
1. 270,

Meles taxus, ii. 134

Mevoss, i. 388, 384 ; mongrel supposed
to be produced from o twin=seed, i
427 ; crossing of varieties of, i. 430,
ii. 86, 109 inferiority ofy in Roman
times, i, 2003 changes in, by calture
and climate, ii. 264 ; serpent, correla-
tion of variations in, i, £2%; anies
gous variations in, i, 341,

A EMpRANES. false, 1, 284, 285,
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468 MENETRES,

INDEX,

MOQUIN-TAXDON.

MENETRIES, on the stomach of Striz
sgrallaria, ii. 292,

MeN1NGITIS, tubercular, inherited, ii. 55,

MerRrICK, potato-grafting, i. 422,

METAGENESIS, ii. 362.

MeTaMORPHOSTS, ii. 362,

Merasorrrosi3 and development, ii.
383, 384,

MzeTzaER, on the supposed species of
wheat, i, 329, 330 ; tendency of wheat
to vary, i. 332 ; variation of maize, i.
339, 340; cultivation of American
maize in Europe, i. 840, ii. 339; on
cabbages, i, 341-344 ; acclimatisation
of Spanish wheat in Germany, I, 472 ;
advantage of change of soil to plaats,
ii, 128; on rye, ii. 241 ; cultivation
of different kinds of wheat, ii. 248,

Mexico, dog from, with tan spots on
the eyes, i. 29 ; colours of feral horses
in, i. 64,

MeyeN, on seeding of bananas, ii, 153,

MicE, grey and white, colours of, not
blended by crossing, ii. 70 ; rejection
of bitter almonds by, ii. 218; naked,
i, 268,

MiciAux, F., roan-coloured feral horses
of Mexico, i, 64 origin of domestic
turkey, i. #08; on raising peaches
from seed, i. 360,

MicuEgr, F., selection of horses in medim-
val times, §i. 187 ; horses preferred
on nccount of slight characters, ik
104,

MicHELY, effects of food on caterpillars,
ii. 270; on Bombyx hesperus, ii. 329,

MicrOPHTHALMIA, associated with de-
foctive teeth, ii, 321,

Mippess, Danish, remains of dogs in, i.
18, ii. 423.

MIGNONETTE, i 223, 301,

MrLLeT, 1896,

MiLes, J., diminished fertility of mares
when first turnel out to grass, ii.
145,

Mirxe-EDWARDS, on the development

of the crustacea, ii. 863.

MiLsi-EDWARDS, A., on a crustacean
with a monstrous cye-peduncly ii
383,

Mileus niger, ii. 137,

Mimulus (udeus, ii. 109, :

Mixor, W. C., gemmation and fission in
annelids, i1 351,

Afirabilis, fortikisation of, ii. 356 ; hybrida
of, ii. 111, 158, 253.

Airalilis jalapa, i. 407, 426,

Mirabilis longifiora, ii. 65.

Mirabilis yalgaris, ii. 65.

Misocampus and Cecidomyia, i, 5.

MiTCHELL, Dr., effects of the poison of
the rattiesnake, ii. 279,

Mirronn, Mr,, notice of the breeding of
horses by Erichthonius, ii, 186,

Mivart, Mr., rudimentary organs, ii.
308,

Moccas Court, weeping oak at, i. 461.

MoGFPORD, horses poisoned by fool’s par-
sley, ii. 331,

MoLLER, L, effects of food on inseccts,
ii. 270,

Mowx, white, ii. 326.

Moru and Gayot, on cattle, 3, 84, ii. 74,
195.

Morrusca, change in shells of] ii. 270.

Moxkge, Lady, culture of the pansy by,
i, 891,

Moxkrys, rarely fertile in captivity,
i 135,

Mox~Nrer, identity of summer and
winter wheat, i, 333.

Moxsreas, double, ii. 333, 834,

MossrrosiTIES, occurrence of, in do-
mesticated animals and cultivated
plants, i. 889, ii, 241; due to per-
sistence of embryonic conditions,
ii. 81; occurring by reversion, 1i.
81-34; a cause of sterility, ii. 150,
151; caused by injury to the embryo,
ii. 257,

Moor, J. H., deterioration of the horse
in Malasia, i, 56.

Moorcrorr, Mr.,, on Hasora wheat, &
331; selection of white-tailed yaks,
ii, 180 ; melon of Kaschmir, ii. 264;
varieties of the apricot cultivated in
Ladakh, . 366; varletics of the
walnut cultivated in Kaschmir, i.
379,

Moorg, Mr., on breeds of pigeons, i.
155, 163, 217, 219, 221; on ground
tumblers, {. 228,

Moorux, fertility of, in captivity, ii.

MoqQuiN-TAxnoN, original form of
maize, i. 8395 variety of the double
columbine, i. 5803 peloric flewers,
ji. 82-35; position us a covse of
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NARCIESUS,

pelorisin in flowers, 4. 337 ; tondeacy
of peloric lowers te beoome irregular,
i 465 on moustrositées, i 241;
correlation in the axis and appen-
dages of plants, ii. 312; fusion of
homologous parts in plants, ii. 333-
335; on a bean with moastrous
stipules and abortive leaflets, i
335 ; conversion of parts of flowers,
i J87.

MorLoT, dogs of the Danish Middens,
i. 18; sheep and horse of the Bronze
period, ii. 423,

Mormodes igrea, 3, 28,

Moroceo, estimation of pigeons in, i.
215.

BoRREN, grafts of Abutilon, i. 418;
on pelorism, ii, 83; in Calecolaria,
il. 338; non-coincidence of double
flowers and variegated leaves, ii.
151

Moreis, Mr,, breeding of the kestrel in
captivity, ii. 137,

Monsg, Dr. digits of binds, ii. 315.

Morroy, L efivct of focundation
by a quagga an nn Arab mare, i.

Mor10¥, Dr.. origin of the dog, i, 16.

Aforus alba, i. 3564,

Jloscow, rabbits of, i, 111, 125 ; effects
of eold on pear-trees at, i, 297,

Mosses, sterility in, §i. 155; retro-
gressive metamorphosis in, ii. 354,

Bloss-r0SE, probable origin of, from
Rosa ceatifoliz, §i. 405; Proveace
roses produced from seeds of, ibid

Mosto, Cada, on the introduction of
rabbits into Porto Sunto, i. 117,

Mor-xor, mutilation of feathers in-
herited, i. 470,

MorrLisg of fruits and fowers, L 430,

MOUNTAIN-ASH, ii. 216,

Mousg, Barbary, ii. 135,

< MOVEN-TAUBE," i. 156.

Mowngay, Mr, on the eggs of game
fowls, L 261; early pugnacity of
game cocks, 1. 263 ; diminished fe-
cundity of the pheasant in captivity,
i, 139,

MowsraY, Mr., reciprocal fecundation
of Passiflora alutaand racemosa, 1L
118,

MuLaTIos, character of, ii. 21.

MuLserRY, i 354, i, 243,

1}

Moge and hizny, differzeoes o the, il
43

MuLes, striped colouring of, ii. 163
obstinacy of, il. 20; production of]
among the Romans, ii. 88; noticad
in the Bible, #i. 186.

MirLen, Frrrz, reproduction of orchids,
i 114-116 ; development of crustacea,
ti. 863; direct action of pollen, i.
431 ; seilf-sterile bignonin, ii, 117,

MULLER, H., on the fuce and teeth in
dogs, i. 36, 76, ii. 337.

MULLER, J,, tendency to varintion, ii.
239; atrophy of the optic nerve
consequent on  destruction of the
eye, i, 287; on gemmation and
fission, il. 8351; identity of ovules
and buds, ii. 354 ; special affinitios
of the tissues, ii. 375,

MULLER, MAX, antiquity of agriculture,
di, 230,

MorTirLiciry of origin of pigeons,
hypotheses of, discussed, i. 187-203,

Mux1z, F., on Niata cattle, i, 94.

Moxmo, R, on the fertilisation of
orchids, ii. 114; reproduction of
Passiflora alda, il 119; self-storile
Passiflora, ihid.

“Monassa ™ pigeon, 1, 151.

Munte, Dr., size of hybrids, ii. 112,

Mureny, J. J., the structure of the
eys not producible by selection, il
205.

Mus alexandrinus, i, 64, 65.

Musa sapicntivm, chinensis and cuzen-
dighii, i. 401,

Muscari comosim, ii, 169, 308,

MuscrLes, effects of use on, ii. 287.

Musk duck, feral hybrid of, with the
common duck, i, 200,

MUTILATIONS, inheritance or mnon-ine
her tance of, ii. 466, 302,

Myaat, on a five-leaved variety of the
strawberry, i, 375,

MyoriA, hereditary, i. 453,

MYRIARODA, regoneration of lost parts
in, ii. 284, 358,

NAlS, growing en stumps of fingers,
it 386,

NA1S, scission of, §i. 351,

NaMaQuas, eattle of the, 1. 91, ii. 192,

Narcissus, doub'e, becoming single in
poor sadl, ji, 151,
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NAnvarz, on the cultivation of native
plants in Florida, i. 32%,
Nusua, sterility of, in captivity, ii.

134,

U NATAS,"” or Niatas, a South American
breed of cattle, i. 92-94. .

Narnvsius, H. vox, on striped horses, L
62; on the pigs of the Swiss lake-
dwellings, i. 71; on the races of
pigs, i. 68-72; convergence of cha-
racter in highly-bred pigs, i. 76, ii.
227 ; causes of changes in the form
of the pig's skull, i. 75, 76; changes
in breeds of pigs by crossing, i. 823
change of form in the pig, ii. 2693
effects of disuse of parts in the pig,
i, 280; period of gestation in the
pig, i. 77 ; appendages to the jaw
in pigs, i. 793 on Sus pliciceps, i. 723
period of gestation in sheep, i. 1013
on Niata cattle, i. 93; ,on short-
horn cattle, ii. 96 ; on interbreeding,
ii. 95; in the sheep, ii. 98 in pigs,
it, 101 ; unconscious sclection in cattle
and pigs, il. 198; variability of highly-
selected races, i 225,

.\'iro, P., on the Bizzarria orange, i.

17.

NATURAL selection, its general princi-
ples, i, 2-14.

NATURE, senso in which the term is
employed, i. 6.

NAUDIN, supposed rules of transmission
in crossing plants, ii. 43; on the
nature of hybrids, it, 23, 24 ; essences
of the species in hybrids, ii. 382,
395; reversion of hybrids, i, 9, 23,
24; reversion in flowers by stripes
and blotches, if. 113 hybrids of Lin-
aria vulgaris and purpurea, Wi, 723
pelorisa in  Lineria, ii. 32, 3
crossing of pelorie Lineria with the
normal form, ii. 46; variability in
Datura, i, 254; hybrids of Dutura
levis and stramonium, §. 4255 pre-
potency of transmission of Datur:
stramonium when crossed, il 43; on
the polien of Mirubilis and of hybrids,
i. 4153 fertilisation of Marubilisi, ii.
836; cultivated Cucurbitaces, i. 380,
384, ii. 86 ; rudimentary tendrils in

urds, ii. 30635 dwarf Cucurbite, ii.
24 ; relation between the size and
number of the fruit in Cucwdita

pepo, ii, 336 ; analogous varistion m
Cucurbite, 1., 341; acclimatisation
of Cucurbitacem, ii. 304, production
of fruit by sterile hybril Cucurbi-
tacem, ii. 156; on the melon, i. 383,
ii. 86, 264 ; incapacity of the cncum-
ber to cross with other spevies, i. 382,

NEOTARINE, i. 857-365; derived from
the peach, i. 857, 360-364; hybrids
of, i. 3603 persistency of characters
in scedling, ibid. ; origin of, i. 361,
produced on peach-troes, 1. 361, 862 ;
producing peaches, i. 361 ; vuriation
in, i, 863, 364 ; bud-variation in, i.
398; glands in the leaves of the, i
217 ; analogous variation in, il 341,

NECTARY, variations of, in pansies, i
393,

NEES, on changes in the odour of plants,
ii, 264,

“NEGRO” cat, i 48.

Neoroxs, polydactylism in, i. 5483
selection of cattle practised by, ii.
101,

NroLrruic riod, domestication of
Bos bﬂ.ql'}:ma and  primigenins in
the, i. Bi; cattle of the, distinct
from the original species, i. 903 do-
mestic gont in the, 3. 105 ; cereals of
the, i 534,

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; duplication of
the middle flight feather in pigeons,
i, 167; on a pecaliaely coloured
breed of pigeons, *Staarhilsige
Taube,” & 1693 fortility of hybrid
pigeons, i. 201; mongrels of the
trumpeter pigeon, i, 42; period of
perfect plumage in pigeons, ii 533
advantage of crossing pigeons, ii. 106,

NEURALGIA, hereditary, . 55,

NEW ZEALAND, feral eats of, i, 493
cultivated plants of, 1. 328,

NewroUSDLAND dog, modification of,
in Englunil, i 44, 5 S

NEwMAN, K, sterility of Sphingida
under certain conditions, ii. 1#l.

Newronr, G. non-copulatioa of Va-
nessz in confnementy it 141 fers
tilisation of the ovule in batrachiz,

i, 306,
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Newr, pelydactylism in the, i. 548,

NEwToN, A., absence of sexual distine-
tions in the Columbidw, i. 171;
production of a * black-shouldered*

en among the ordinary kind, i,
06 ; on hybrid ducks, ii. 140,

Naasi, Lake, cattle of] i, 91,

“ NIATA " cattle, L, 92-04; resemblance
of, to Sivatherium, i. 93; prepotency
of transmission of character by, il
41,

4 Nicarp"” rabbit, i. 111,

N1cuorsox, Dr., on the cats of Antigua,
i. 48; on tho sheop of Antigua, i
102,

Nicotiana, crossing of varieties and
species of, ii. 87; prepotency of
trapsmission of characters in species
of, il. 43; contabescence of female
orgaas in, ii, 150.

Nicotinna glutinosa, ii. BT,

NIEBUHR, on the heredity of mental
characteristics in some Roman fami-
lies, ii. 40,

NIGAT-BLINDNESS, non-reversion to, ii.
10.

NitssoN, Prof, on the barking of a
young wolf, i. 28; parentage of
European breeds of cattle, i. 84, 85;
on Bos frontosus in Scania, i. 85,

Nisp, Mr,, on the dingo, i. 41,

“Nisus formativus” i, 283, 284,
348,

Nrrzscit, on the absence of the oil-
gland in certain Columbe, i, 155,

NON-INHERITANCE, causes of, i, 470~
472,

“ NoxNAIN " pigeon, i. 161,

NoaDMANN, dogs of Awhasie, i, 25.

NORMANDY, pigs of, with appendages
under the jaw, i. 78,

NonrwAY, striped ponies of| i. 61,

Norr and Gliddon, on the origin of the
dog, i. 165 mastiff represented on an
Assyrian tomb, i. 17 on Egyptian
dogs, i. 185 on the Hare Indian dog,
i 23.

Notylia, ii. 116.

NOURISHMENT, excess of, a cause of
varinbility, ii. 244.

NuMBER, importance of, in selection,
ii. 221,

Numida ptilorhyncha, the original of
the Guinea-fowl, i. 310.

Nux pigeon, & 163; known to Aldre-
vandi, i, 217.
Nursmec-rReE, il. 223,

OAR, weeping, i. 385, 461; ii, 228;
ryramida}, i. 885; Hessian, #hid. ;
ate-leaved, i. 386; wvalueless as
timber at the Cape of Good Hope,
ii. 264; chan in, dependent oo
age, i. 413; galls of the, ii. 272,

Oars, wild, i. 330; in the Swiss lake-
dwellings, i. 837,

OBERLIN, change of soil beneficial to
the potato, ii. 128,

Opart, Count, varieties of the vine, i
838, i, 267; bud-variation in the
vine, i. 400,

@eidiem, i, 274,

Enothera biennis, bud-variatien in, i
407.

OcLE, Dr. J. W., inherited deficient
phalanges, i. 458; resemblance of
twins, ii. 25%, 240,

O1L-GLAND, absence of],
pigeons, i. 155, 168,

OLDFIELD, Mr.; estimation of European
dogs among the natives of Australia,
ii. 199.

OLEAXDER, stock affected by grafting
in the, i, 418.

Ovries, Dr., insertion of the periosteum
of a dog beneath the skin of a rabbit,
il. 365,

Oncidium, reproduction of, il. 114-116,
147,

Ox10Ns, crossing of, ii. 68; white,
liable to the attacks of fungi and
disease, ii. 213, 530, &

Ophrys cpifera, self-fertilisation of, i
69; formation of pollen by a petal
in, ii, 387,

Opunitia lencotricha, ii, 267. 2

Onaxer, i. 355-356; crossing of, ii.
68; w'th the lemon, i. 430, ii. 3603
nateralisation of, in Italy, il. 208;
variation of, in North ltaly, ii. 243 ;
peculiar variety of, ii. 325 ; bizzarris,
L 417; trifacial, i, 418

ORcHIDS, Teproduction of) i. 434, 435;
i, 114116,

OnrroRrp, Lord, erossing greynounds with
the bulldog, i. 43.

Oraaxisus, origin of, 1. 13.

ORGANISATION, advancement in, i. 8.

in fantail
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OrGaxs, rudimentary and aboried, il
306-3090; multiplication of sbhormal,
il. 385.

DrroLe, assumptions of hen-piamage
by a male in confinement, ii. 141.
ORKSEY Islands, pigs of, i. 74; pigeons

of, 1. 193.

ORTHOPTERA, regeneration of hind legs
in the, ii, 284.

Urthosic mundz, il. 141,

OnyoN, R, on the offects of cross-
breeding on the female, i. 436; on
the Manx cat, ii. 41; on mongrels
from the silk-fowl, ii. 42; infertility
of geese in Quita, 1i. 145, -

Osporxs, Dr., inherited moltling of
tho ivis, i. 454,

Oserey, preying on black fowls, ii.
215.

OsTEN-SACKEN, DBaron, on American
ank-galls, ii, 272,

Osrr0L0GICAL characters of pigs, 1. 69,
70, 74, 77 ; of rabbits, i. 120-134; of
pigeons, i, 171-177 ; of ducks, i. 286~
298,

Ostrich, diminished fertility of the, in
captivity, il 140,

Osryaxs, selection of dogs by the, ii,
191,

OrTEe, ii. 134

“Orrea" sheep of Massachasetts, L

104,

Oupg, feral humped cattle in, i. 83,

QuistiTt, breed in Europe, ii. 135.

Ovary, variation of, in Chcwrbita mos-
chata, i. 882 ; development of, inde-
pendently of pollen, i. 433,

Ovis montana, i, 103,

OvuLes and buds, identity of nature of)
il. 353,

Owey, Capt, on stifi-haired cats at
Mombns, i. 48.

Owex, Prof. R., palwontological evidence
as to the origin of dogs, i. 15; on
the skull of the * Niata” cattle, i,
93; on fossil remains of rabbits, i
108; on the significance of the brain,
i. 130; on metagenesis, i, 3862;
theory of reproduction and partheno-
genesis, i, 870,

Ov;l., eagle, breeding in captivity, ii

ar.

Owy, pigeon, £ 1563 African, figured |
157 ; known in 1735, i. 218.

Oxzalis, trimorphic species of, ii. awd.

Oxalis rosea, ii. 113.

Oxruy, Mr., on the
223.

Oysrers, differences in the shells of), ij,
270.

nutmeg-tree, ii

Paca, sterility of the, in confinement,
1. 135,

Paciric Isiands, pigs of the, i. 78,

Papua, earliest known “flower-garden
at, ii. 203.

Papuax fowl of Aldravandi, i. 259.

Paoniz mout m, ii. 189,

Pxoxy-Trun, ancient cultivation of, in
China, ii. 180,

Pager, on the Hongarian sheop-dog, i.
L)

PagET, Sir I, inheritance of cancer, i
451; hereditary elongation of hairs
in the eyebrow, i. 452; re-growth of
extra digits, i. 459 ; eircumcision, i
467 ; period of inheritance of cancer,
ii. 56; on Hydra, ii. 2833 on the
healing of wounds, ii. 284 ; on the re-
paration of bones, ibid. ; growth of hair
near inflamed sorfaces or fractures,
ii. 285; on false membranes, id,;
compensatory development of the
kidney, ii. 200 ; bronzed skin in disease
of supra-renal capsules, ii. 325 ; unit
of growth and gemmation, Qi 3523
indepondence of the elements of the
Lody, ii. 365 ; affinity of tha tissues
for specinl organic substances, ii, 574,

PALLAS, on the influence of domestica-
tion upon the sterility of intercrossed
species, i. 83, B6, 202, ii. 88; hypo-
thesis that variability is wholly due
to crossing, i. 197, 398, ii. 237, 25_2;
on the arigin of the dog, i. 16; varia-
tion in dogs, i. 84 ; crossing of dog
and jackal, i. 25 ; origin of domestic
cats, i. 46 ; origin of Angora cat, L
47; on wild horses, L 53, 633 on
Persian sheep, 1. 98; on Snberh‘m fat-
tailed sheep, ii. 2695 on Chinese
sheep, ii. 306 ; on Crimean varieties
of the vine, i. 353 ; on 8 grape with
rudimentary geeds, ii. 306_; on feral
rousk-ducks, i, 203 sterility of Al
pine plants in gardens, ii. 147 ; selecs
tion of white-tailed yaks, li. 180,

PaMras, feral cattle on the, i 63,
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Pandanus, ii. 243,

PANGENESIS, hypothesis of, il 349-
389,

Panicum, seeds of, used as food, . 326 ;
found in the Swiss lake-dwellings, i.
335.

Paxsy, i. 891-393.

PArruUs, abortion of the, in Carthamus,
ii. 807,

Paradorurus, sterility of species of, in
captivity, ii. 134,

PARAGUAY, cats of, L. 48; cattle of, i.
$2; horses of, ii. 80; dogs of, iid. ;
black-skinned domestic fowl of, i
243.

PARALLEL variation, ii. 341-345.

PARAMOS, woolly pigs of, i. &1,

Panasires, liability to attacks of, de-
pendent on colour, ii. 213,

PARIAN dog, with crooked legs, i. 17;
resembling the Indian wolf, i. 25.

PARISET, inheritance of handwriting, ii.

Par(:;tjum tricuspis, bud-variation, i,

402,

PAriER, W. K., number of vertebra in
fowls, i, 280.

PARKINSON, Mr., varieties of the hya-
cinth, i. 304,

PARKYNS, MANSFIELD, on
guinea, i, 192,

PARMENTIER, differences in the nidifi-
cation of pigeons, i, 188; on white
pigeons, ii. 215,

PArnoTs, general sterility of, in con-
finement, ii. 1385 alteration of plu-
mage of, ii. 269,

PARSN1P, reversion in, ii. 34 ; influence
of selection on, ii. 185 ; experiments
on, ii. 267; wild, enlargement of
roots of, by cultivation, i. 344.

PARTHENOGENESIS, ii. 852, 356,

PARTEIDGE, sterility of, in captivity,
i, 189,

PArTCRITION, difficult, hereditary, i.
452,

Parus major, ii. 216.

Fussifiora, self-impotence in species of,
ii. 118, 119; contabescence of femule
organs in, ii. 150.

Passifiore alata, fertility of, when
gmfu:d, il 172, o

PastrRANA, Julia, peculinrities in the
hair and teeth of, ii. 321

Columba

PASTURE and climate, adaptation cf
breeds of sheep to, i, 99, 100.

PATAGONIA, crania of pigs from, i. 81,

PATAGONIAN rabbit, i, 110,

PaTeERsOoN, R., on the Arrindy silk-
moth, ii. 296.

Paur, W., on the hyacinth, i. 394,395;
varieties of pelargoniums, i. 4033
weakness of transmission in holly-
hocks, ii, 42; improvement of pelar-
goniums, ii. 201, .

Pavo cristatus and muticus, hybrids of, i.
306,

Pavo nigripennis, i. 305-307.

“ PavoporTex-Tavee,” i. 148,

PEAcH, i. 857-365; derived from the
almond, i. 357; stones of, figured,
858; contrasted with almonds i.
359; double-flowering, i. 858, 359,
364 ; hybrids of, i. 360; persistency
of races of, ibid.; trees producing
nectarines, id.; variation in, i. 363,
364, ii. 243; bud-variation in, i.
898; pendaolous, . 461; variation
by selection in, ii. 203; peculiar
disease of the, ii. 213 ; glands on the
leaves of the, ii. 217 ; antiquity of
the, ii. 299 ; increased hardinesa of
the, . ; varieties of, adaptod for
forcing, ii. 801; yellow-fleshed,
liable to certain diseases, ii. 530,

Prach-ALaoxp, i. 859, &

PEAFOWL, origin of; i. 303 ; japanned
or black-shouldered, i, 8505-307;
foral, in Jamaica, i. 199; compara=
tive fertility of, in wild and tame
states, il. 91, 256 ; white, ii. 326,

PEAns, i. 372; bud-variation in,i. 4013

* reversion in seedling, il. 43 inferiority
of, in Pliny's time, ii. 20();_.winter
nelis, attacked by aphides, ii 217 ;
soft-barked varieties of, auuck?d by
wood-boring beetles, i, 217 ; origina-
tion of good varieties of, in woods,
i, 242; Forelle, resistance of, to
frost, ik 297.

Peas, i, 345-349; origin of, i ‘345
varieties of, i. 345-840; found in Swiss
lake-dwellings, i. 335, 337, 345-349;
fruit and seeds figured, i 3473
persistency of varieties, L 348; (l)ntef:
crossing of varietics, i 549, 428, i.
110; eflect of crossing on the female
crgans in, i, 420 ; double-flowered, il
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152; maturity of, accelerated by
selection, ii. 185; varieties of, pro-
duced by selection, ii. 203; thin-
shelled, ﬂ-ble to the attacks of birds,
il. 216 ; reversion of, by the terminal
seed in the pod, ii. 339,

PECCARY, breeding of the, in captivity,
ii. 133,

FEDIGREES of horses, cattle, greyhounds,
game-cocks, and Pif’ I 447,

Prau, cats of, i. 49 ; horses of, i. 56.

PrrARGONIOMS, multiple origin of, i
388 ; zones of, i. 390 ; bud-variation
in, i. 402; variegation in, accom-
panied by dwarfing, i. 409; pelorism
in, ii, 150, 837 ; by reversion, ii. 33 ;
advantage of change of s0il to, ii. 129 ;
improvement of, by selection, ii. 201 ;
scorching of, ii. 214; numbers of,
raised from seed, ii. 221; effects of
conditions of life on, ii. 263 ; stove-
variety of, ii. 301; correlation of
contracted leaves and flowers fn, ii.
924, 525,

Pelargonivm Sulgidum, conditions of
fertility in, if. 147.

“*PELONES,” & Columbian breed of cattle,
i, 92, 212,

Prronio flowers, tendency of, -to ac-
quire the normal form, ii. 46; fer-
tility or sterility of, ii. 150, 151,

PELORIC ruces of Gl and

Perdiz rubra, occasional fertility of, in
captivity, ii. 139,

Periop of acticn of causes of variability,
ii. 257,

* PERIOSTEUM of & dog, producing bone
in a rabbit, ii. 365.

PeriwiNkLe, sterility of, in England,
ii. 158,

PERSTA, estimation of pigeons in, i. 215 ;
carrier pigeon of, i. 148; tumbler
pigeon of, i, 156; cats of, i. 4749 ;
sheep of, i. 102.

PersisTexce of colour in  horses,
i. 53; of generic poculinritics, i.
114, 4

PERU, antiquity of maize in, i 338;
peculiar potato from, i. 350 ; selection
of wild animals practised by the
Ineas of) ii. 181, 192,

4 PrRUCKEN-TAUDBE,” i. 161,

Perats, rudimentary, in cultivated
plaats, ii. 807; producing pollen, ii.
387.

Pn:ruszms, multiple origin

of, i

Peyrimson, Dr., vegetable teratology,
ii. 32,

“ PPAUEN-TAUDE,” i. 158,

Phalenopsis, pelorism in, ii. 338.

PraLANGes, deficiency of) ii. 49,

Phaps chalcoptera, ii. 342,

Phaseolus mudtiflorus, ii. 300, 314,

Antirrhinun majus, i. 389,

Perorisy, ii, 32-34, 337, 338.

PELVIS, characters of, in rabbits, i. 128
in pigeons, i, 176; in fowls, i. 281;
in ducks, i. 298,

PEMBROKE eattle, i. 84.

PENDULOUS trees, i. 385, il 840; un-
rgzt.ainty of transmission of, i. 461,

2exours ducks, , 204, 296 ; hybrid of
;?9:3’ with the Egyptian goose, i

PENNANT, production of wolf-like curs
at Fochabers, i. 89; on the Duke of
Q“Gu\ubeny'u wild cattle, i. 88.

Pennisetum, seeds of, used as food in
the Panjab, i. 526,

Pennisotum distichum, seeds of, used as
food in Central Africa, i. 326.

mev“" Mr,, on inheritance in horses,
i 455; on horn-like processes in
horses, i, 53,

Phuscolus vulgaris, i. 350, i, 300,

Phasianus pictus, i. 289,

Phasianus amherstin, i. 289,

PHEASANT, assumption of maleplumage
by the hen, ii. 26 ; -wildness of hybrids
of, with the common fowl, ii. 19;
prepotency of the, over the fowl, ii,
43; diminished fecundity of the, in
captivity, ii. 139,

Pn_mo%/;:ns. golden and Lady Amherst's,
1 =03,

PHEASANT-FOWLS, i, 256,

PHILIPEAUX, regeneration of limbs in
the salamander, i, 359,

PHILIPPAR, on the varieties of wheat, i,
332,

PuiLtepINe Islands, named breeds of
gama fowl in the, i, 243.

PriLures, Mr., on bud-variation in the
potato, i. 411,

Phlox, bul variation by suckers 13, L
410,
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PIGE.

PaTusiE, affection of the fingers in, ii.
326,

PriyLroxera, i, 354,

PiekeniNG, Dr., on the grunting voice
of humged cattle, i. 83 ; occurrence
of the head of & fowl in an ancient
Egyptian procession, i. 258; seeding
of ordinarily seodless fruits, ii. 1562;
extinction of ancient Egyptian breeds
of sheep and oxen, ii. 421; on an
ancient Peruvinn gourd, ii. 425,

PicoTees, effect of conditions of life on,
il. 262.

PicTET, A, oriental names of the pigeon,
i. 215,

Prorer, Prof; origin of the dog, i. 15;
on fossil oxen, i, 85.

PIEBALDS, probably due to reversion, ii.

' L.

?lfmﬂllm, M., on the ribs of horses,

52.

PigEaux, hybrids of the hare and
rabbit, ii. 135,

PioeoN A cravate, i, 156,

Piaeox bagadais, i. 149, 150,

PiGuox coquille, i. 163,

P1GEox cygne, i 150.

Pioxox heurté, i, 163,

PIGEON pattu plongeunr, i. 164,

P1Grox polonais, i. 151,

PiaeoN romain, |, 149, 150,

PiGEON tambour, i. 162,

P16EoN ture, i, 146,

Piaroxs, originof, i, 137,140,189-214 ;
classified table of breeds of, i, 142 ;
pouter, i 1435-145; carrier, . 146-
149; tont, i, 149-151; barbs, i
151-153; fantail, i, 153-155; turbit
and owl, i. 156 ; tumbler, i. 156-161;
Indian frill-back, i. 161; Jacobin,
#hid. ; trumpeter, i. 162 ; other breeds
ofy i. 163-165; differences of, equal
to generic, i, 166; individual varia-
tions of, i, 167-169; variability of
Peculinrities characteristic of breeds
in, i 169; sexual variability in, i
170, 171; osteology of, i 171-177;
correlation of growth in i. 177-180,
ii. 813; young of some varioties
naked when hatched, i, 170, ii. 526 ;
effects of disuse in, i. 180-187 ; set-
tling and roosting in trees, i, 190;

floating in the Nile to drink, #id. ;

dovecot, i. 194, 195; arguments for

uz'ty of origin of; i. 197-214; feral,
in various places, 1. 199, ii. 7 ; unity
of coloration in, i. 204-206 ; reversion
of mongrel, to coloration of C. livia,
i. 207-214 ; history of the cultivation
of, i. 215-217; history of the princi-
pal races of, i 217-222; mode of
production of races of, i. 222-235;
reversion in, ii. 22; by age, il 14,
produced by crossing in, ii. 14, 223
prepotency of transmission of cha-
racters in breeds of) il. 41, 42; sexual
differences in some varieties of, il. 503
period of perfect plumage in, il. 535
effect of segregation on, ii. 635 pre-
ferent pairing of, within the same
breed, ii, 81 ; fortility of, increased by
domestication, ii. 90, 138; offects of
inter-breeding and necessity of cross-
ing, ii, 106 ; indifference of, to change
of climate, ii. 144 ; selection of, ii.
79, 183, 188; among the Romans,
ii. 187 ; unconscions selection of) ii.
196, 198 ; facility of selection of, ii.
220; white, liable to the attacks of
hawks, ii. 215; effects of disuse
of parts in, il 288; fed upon meat,
ii. 294 ; effect of first male upon the
subsequent progeny of the female,
i. 457 ; homology of the leg and wing
feathers in, ii. 8153 union of two
outer toes in feather-legged, Wid-;
correlation of beak, limbs, toRgu%
and nostrils, ii. 816; analogous
variation in, ii. 341, 342 ; permanence
of breeds of, ii. 425. !
PiGs, of Swiss lake-dwellings, i 713
types of, derived from Sus scrofa and
Sus indicus, i. 68-70 ; Japanese (5"-:,
pliciceps, Gray), figured, i. 723 ©
Pucific Islands, i. 73, ii. 64 ; modifica-
tions of skull in, i. 72-703 length ©
intestines in, i. 77, ii. 293 peried 0
gestation of, i. 77; number of verte-
brm and ribs in, il anomalous
forms, i. 79,79; development
tusks and bristles in, & 795 strip \
young of, i, 80; reversion of fcr; ,
to wild type, i. B0, 81, Gi. T id'
production and changes of bre t:
of, by inter-crossing, i 823 effec
produced by the first male “i“*"“
the subsequent progeny of l,'_
female, i, 436; pedigrees ofy i- 4475
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polydactylism in, i. 459; cross-re-
version {n, il. 83 hybrid, wildness
of, ii. 19; disappearance of tusks
in male under domestication, ii.
50; solid-hoofed, ii. 424 ; crosses of,
ii. 70, 73; mutual fortility of all
varieties of, ii. 89; inereased fertility
by dymestication, ii. 90 ; ill effects of
close interbreeding in, i, 100, 1015
influence of selection om, ii. 1823

rejudice against certsin colours in,
ii. 194, 214, 330; unconscious sclec-
tion of, ii. 199; black Virginian, ii,

212, 330; similarity of the best |-

breeds of) ii, 227 ; change of form in,
il 260 ; effects of disuse of parts in,
ii, 289 ; ears of, ii. 201 ; correlations
iny ii. 520; white buck-wheat in-
Jjurious to, ii, 331; tail of, grafted
upon the back, ii. 865 ; extinction of
the older races of], il. 421.

PrateNta, ii. 68,

PrueeryeL, ii. 173,

PINE-APPLE, sterility and variability
of the, ii. 256,

Pixg, Chinese, 314,

Pixgs, bud-variation in, i. 406; im-
provement of, ii. 201, .
Pinus pumilio, marghus, and nana, varie-

ties of P, sylvestris, ». 887,

Pinus  sylvestris, i. 886, il 300;
hybrids of, with P. nigricans, ii,
111.

Piorey, on hereditary disease, i. 451,
il. b4,

Pistacia lentizcus, ii. 264

Pistacia vera, i. 431,

Pisties, rudimentary, in cultivated
plants, ii. 307,

Praror, sterility of some mongrel
pigeons, i 202; fertility of pigeons,
ii. 01,

Piswm arvense and saticum, i, 345,

PITYRIASIS versicolor, inheritance of)
i1 55.

Praxcuoy, G., on a fossil vine, i. 352;
sterility of Jussiza grandifiora in
France, ii. 154,

PLANF-TREE, variety of the, i. 586,
PLANTIGRADE carnivora, general ste-
rility of the, in captivity, ii. 134.
PLANTS, prograss of cultivation of, i.
822, 329; cultivated, their geogra-
phical derivation, L. 328; crossing

of, il. 76, 107; comparative fer-
tility of wild and cultivated, ii. 81;
self-impotent, ii. 112-122; dimor-
phic and trimorphic, #id. ; sterility
of, from changed conditions, ii. 146=
149; from contabescence of anthers,
il. 149, 150; from monstrasities, ii.
150, 151; from doubling of the
flowers, ii. 151, 15%; from seedless
froit, i, 152; from excessive de-
velopment of vegetative organs, ii,
152-155; influence of selection on,
ii. 183-185; variation by selection,
in useful parts of, il 202-204;
variability of, if. 223; variability of,
induced by crossing, ii. 252; direct
action of change of climate on, ii,
2663 change of period of vegetation
in, 1i. 295; varieties of, suitable to
diffurent climates, ii, 266 ; correlated
vanability of, i, 325-825; antiguity
of races of, ii, 425,

Prasteciry, inheritance of, ii. 227,

PrateAv, ¥, on the vision of amphi-
bious animals, ii. 208.

Platessa flesus, ii. 28,

PLaTO, notice of selection in breeding
dogs by, ii, 186.

Prica polonica, ii. 265,

Prixy, on the crossing of shepherd
dogs with the wolf, i. 24; on Pyre
rhus’ breed of cattle, ii, 186; on the
estimation of pigeons among the
Romans, L. 2155 pears described by,
ii, 200.

Prux, i. 366-3G8; stomes figured, i,
366 ; varieties of the, i. 367, 368; ii,
204; bud-variation in the, i. 5993
peculiar disease of the, ii. 213;
flower-buds of, destroyed by bull-
finches, il. 217 ; purple-fruited, liablo
to certain diseases, ii, 380,

PLUMAGE, inherited peculiarities of, in
rigmm. i, 169, 170; sexual pecu-
iarities of, in fowls, i. 263-268.

PLUBALITY of races, Pouchet’s views
on, i. 2,

Poa, seeds of, used as food, i. 3263
species of, propagated by bulblets, U,
154,

Poporiax cattle, i. 84,

PoINTERS, moaification of, i 443
arossed with the foxhound, ii. 73.

Po1s zaus parchemin, il 214,
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PoITEAU, origin of Cyfisus adami, i.
416 ; origip of cultivated varieties of
fruit-trees, ii. 247.

Pouisit fowl, i. 259, 262, 266, 269, 270,
975; skull figured, i. 275; section of |
skull figured, i. 277 ; development of
protubernnce of skull, i. 262; fur-
culum figured, i, 282,

Poriss, or Himalayan rabbit, i. 112

Porres, il. 836, 357; action of, ii.
86; injurious action of, in some
orchids, il. 115, 1163 resistance of,
to injurious treatment, ii. 1485 pre-
potency of, ik 171,

Portock, Sir F., transmission of varie-
ated leaves in Ballota nigra, i, 4095 on
ocal tendency to variegation, ii. 263.

POLYANTHUS, i. 464.

POLYDACTY LIS, inheritance of, i. 457~
459 ; significance of, i. £60.

Pox1s, most frequent on islands and
mountains, 1. 54; Javanese, i. 56.

PooLe, Col., on striped Indian horses, i.
61, 62; on the young of Asinus in-
dicus, 1. 17.

PorLAR, Lombardy, i. 385.

Porme, on Cuban’ wild dogs, i. 28,

Porpy, found in the Swiss lake-dwell-
ings, i. 935, 337 ; with the stamens
copverted into pistils, i. 389; differ-
ences of the, in different parts of
India, il 140 jmonstrous, fortility of, ii.
150;b]ack-uceded,nntiqnir.yof.ii: 425.

PorcupIsE, breeding of, in captivity,
fi. 135. A

PoRCUPINE family, i. 448, iL 53,

Porphyrio, breedil(:)g of a species of, in

tivity, il 140.

Poiﬂ;-. o{l'n peculiar hereditary affec-
tion of the eye, i- 454. :

PorTo Santo, feral ﬂﬂﬂiﬂs of, i. 117.

Portulacs oleraced, il 275,

Potamocharus penicillatus, ii. 138.

PorATO, i 350, 351 ; bud-variation by
tubers in the, i, 410, 411; graft-
hybrid of, by union of half-tubers, i
450 . individual self-impotence in the,
il. liB; sterility of, ii. 15'3;”:6\;111-
tage of change of soil to the, ii. 128.

» £e sweet, sterility of the, in
la)'l‘i::l‘f’; . 1533 yarieties of the,
f‘,i’;&’ to different elimates, ii. 299,

vorerET; Mo his views on plurality of
races, I 2

POUTER pigeons, 1, 143-145; furcclum
figured, i. 176 ; history of, i. 217.
Powis, Lord, experiments in crossing

i\gmp«d aud English cattle, i. 86, ii.

Po_vi'll'gn, Mr., on a graft-hybrid rose,
1 \/ .

Prarrie wolf, i. 22. ?

Pniacocrrv‘ o of highly-improved breeds,

. 313,

PrePOTENCY of pollen, ii. 171.

PreroTENCY of transmission of charnc-
ter, ii. 40, 158; in the Austrian
emperors and some Roman families,
ii. 40 in cattle, ii. 40, 41; in sheep,
ii. 41; in cats, ibid. ; in pigeons, ii. 41,
42; in fowls, ii. 42; inplants, itid. ; in
a variety of the pumpkin, i. 3803
in the jackal over the dog, 1. 435 in
the ass over the horse, ibid, ; in the
pheasant over the fowl, ibid. ; in the
penguin duck over the Egyptian
goose, il. 44; discussion of the phe-
nomena of, ii. 44—47.

PRESCOTT, Mr., on the earliest kunown
European flower-garden, il 202

PressURE, mechanical, a cause of
modification, ii. 336, 337.

Prevost and Dumas, on the employ-
ment of several spermatozoids to fer-
tilise one ovule, ii. 356,

PREYER, Prof., on the effect of circam-
eision, i, 467,

Price, Mr., variations in the structure
of the feet in hovses, i, 52.

PricuARD, Dr,, on polydactylism in the
negro, i. 458 ; on the Lambert family,
ii. 533 on nn albino negro, ii, 2145
on Plica polonica, ii. 266.

Priurose, i 464; double, rendered
single by transplantation, ii. 151.

Primula, inter-crossing of species of; i
856 ; contabescence in, ii. 1503 * hose
in  hose,” i UBO; with coloured
calyces, sterility of, ii. 149,

Primula sinensis, varistions, i. 8945 ii.
324 ; reciprocally dimorphie, ii. 113,

Primula veris, i, 464, i, 87.

Primula vulgaris, i. 464, ii. 87.

Prixce, Mr., on the inter-crossing of
strawberries, i, 374,

PRINGSHEDE, on conjugation, il 352

Procyon, sterility of, in captivity, ik
134,
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Prourriosess, increased by domestica-
tion, ii. 158.

Pro1ozoA, reproduction of the, i, 371,

Prunus armeniaca, i. 363, 366.

D'runus avium, i. 368,

Prusus cerasus, i, 368, 399,

Prunus domestioa, i. 366.

Prusnus insititia, i. 366-368.

LPrunus spi i. 366,

Prussia, wild horses in, i. 63,

Paittacus erithacus, ii, 138,

Psittacus macoa, ii. 138,

Peophia, general sterility of, in cap-
tivity, il. 140,

Praruigax fowls, i. 240,

Pulex penetrans, ii, 265,

Puspkixns, i. 380.

PUXO ponies of the Cordillers, i. 54.

Puosey, Mr., value of cross-bred sheep, ii,
99 preference of hares and rabbits
for common rye, ii. 218,

Purscis and Vertuch, varieties of the
potato, i. 350,

Puvis, effects of foreign pollen on
apples, i. 432; supposed non-varia-
bility of monotypic genera, il. 258,

Pyrriuia vulgaris, ii. 217 ; assumption
of the hen-plumage by the male, in
confinement, i, 141,

Pyrrnvus, his breed of cattle, ii. 186,

LPyrus, fastigate Chinese species ef] ii.
266,

Pyrus acerba, i, 569.

Pyrus aucuparia, il, 216,

Pyrus communis, i. 372, 401,

Pyrus malus, i, 369, 401,

Pyrus paradisiaca, i. 369,

Lyrus pracox, i. 370.

QuAGGA, previous impregnation by, i.
435.

QUATREFAGES, A. DE, on the burrowing
of a bitch to litter, i, 28; selection
in the silkworm, i. 317 ; development
of the wings in the silkmoth, 1. 320,
ik. 288 ; on varieties of the mulberry,
i. 354 ; special raising of eggs of the
silk=moth, ii, 181 ; on disease of the
#lkworm, 1. 213; on monstrosities
in insects, ii. 257, 385; on a change in
the breeding season of the Egyptian
goose, ii. 2Ub; fertilisation of the
Teredo, 1. 536 ; tendency to simi-
lanty in the best races, ii. 227; on

his “ftourbillon vital,” ii. 353 on the
independent existonce of the sexual
elements, ii. 852.

Quercus cerris, 1. 886,

Quercus robur and pedunculata, hybrids
of, ii. 111,

QUINCE, pears grafted on the, ii. 246.

RannITS, domestic, their origin, i. 107-
109; of Mount Sinak Algerin, i.
109; breeds of, i, 109-116; Hima-
layan, Chinese, Polish, or Russian, i.
112-115, ii. 75; feral, i, 116-120;
of Jamaiea, i. 116; of the Falkland
Islands, #id.; of ,Porto Santo, i.
117-120, ii. 81, 269; osteological
characters of, i. 120-134; discussion
of modifications in, i, 135-140; one-
eared, transmission of pecaliarity of,
i. 456 ; reversion in feral, ii. 63 in
the Himalayan, ii. 15; crossing of
white and coloured Angors, i, 70;
comparative fertility of wild and
tame, ii. 90; falsifie experiments in
interbreeding of, il. 100; high-bred,
oﬂqx bad breeders, iid ; selection
of, ii. 188; white, liable to destruc-
tion, ii. 215; effects of disuse of
parts in, ii, 288; skull of, afected
by drt_:opmg ears, il 291; length of
Intestines in, §i, 293; correlation of
ears and skull in, ii. 918, 317 ; varia-
tions in skull of, ii. 343 ; periosteum
;{;_a dog producing bone in, i,

3,

Race-nonse, origin of, i. 56,

Races, modification and formation of,
by erossing, ii. 73-77; natural snd
amﬁc!al, 1. 2323 Pouchet’s views on
Elgtgaht.y of, i. 2; of pigeons, i. 215

RApcuyrre, W, F., effect of climate

“:_1": a‘ml otl: strawborries, i, 376 ; con
stitutional differen in roses,
891, RS 3

RADISHED, & 845 : crossin
varioties of, 1i. g0g "5 O 1 08,

RADLEOYER, retrogressive  metamor
phosis in mosses and alge, ii. 354,

RavARLy, M., bud-variation and revess
sion, i, 403,

LAFPLES, Sir STAMFORD, on the erossing
;nf J.:mne.ue cattle with Bos sondirice:s
i. 191, .
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RaM, goat-like, from the Cane of Good
Hope, i, 41.
Raatw, M., on appendages to throat of
goat, i. 106.
Raxcury, heredity of diseases"i. 451,
Rasoe of gallinaceous birds on the
Himalaya, i. 249,
RANKE, on the effects of use and disuse
of organs, ii. 285,
Ranunculus ficaria, ii. 154,
Ranunculus repens, i, 152,
RAPE, i. 344
Raphanus caudatus, i, 345.
Raphanus raphanistrum, i. 345,
Raphanus sativus, ii. 335,
RASPBERRY, yellow-fruited, ii. 216.
RATTLESNAKE, experiments with poison
of the, ii. 279.
RavEN, stomach of, affected by vege-
table diet, ii. 202.
RAWSOY, A., self-impotence in hybrids
of Gladiolus, ii. 121, 122,
CoMTE, on the assumption of a
yellow colour by all varicties of maize,
1. 339. '
effect of confinement upon
nﬁt‘h‘zncg::’i't. i 27i; f-;:':‘ility of fowls in
t climates, ii. .
ns':;,s Mr., atrophy of the limbs of
rabbits, consequent on the destruc-
tion of their nerves, ii. 287. g
REGENERATION of amputated parts in
man, i. 499 ; in the human embryo,
= 3’57; in the rl’:‘\lwer" vggtsebmtu,
¥ myriapoda, ii. 358.
xg;g;:’-r:,ndof y:mputnted joints, ii

357. o
1y cultivation of the cab-
Rn:umexl;;ye:;ey Celts, i, 342; selection
rfctised by the Celts, il. 187.
Rnlixnann, indirid_nnl: recognised by
the Laplanders, ii. 288, S
REISSEK, experiments in crossing Cyi
wes and laburntm, i 4163 mo-
Jification of 8 Thesium by Ecidium,
B&ﬂoﬁ;’s, characters of; reproduced
i i 7.
imioilNel o oe of jaguars with
Ruw::l' ‘;Nuﬂie: Purn;:‘:y. Lo173
aokoed dogs of Paraguay, i 24, 82, i
n(a) g0+ feral dogs of La Pluu‘,' IP 28;
2 ’ﬂl!' aguard, j. 274 cats © ['n“-
;?my i 48, ii. 63, 1333 dogs of Para-
s

guay, il. 64; feral pigs of Buenocs
Ayres, i. 80; on the refusal of wild
animils to breed in captivity, ii. 182
on Dicotyles labiatus, ii. 133 ; sterility
of plantigrade carnivera in captivity,
ii. 134; on Cavia aperca, bid.;
sterility of Cebus azare in captivity,
ii. 136 ; abortions produced by wiﬂi
animals in eaptivity, ii. 142,

RepropucTION, sexual and asexual,
contrasted, ii. 351; unity of forms
of, ii. 378; antagonism of, to growth,
ii. 379,

Rc;vda odorata, self-sterility of, ii. 118,

23.

RETINITIS, pigmentary, in deaf-mutes,
fi. 822.

REuTER, Herr,
422,

Reveesiox, ii. 1, 2, 368, 369, 300, 593-
899 ; in pigeons, ii. 2; in cattle, ii,
3; in sheep, id. ; in fowls, ii. 4; in

potato-grafting, i

the heartscase, ibid. ; in vegetables,
ibad. ; in feral animals and plants; i,
5-7; to characters derived from a

previous cross in man, dogs, pigeons,
pigs, and fowls, ii. 7-8; in hytrids,
ii. 9; by bud-propagation in plants,
ii, 10-13; by age in fowls, cattle,
&e., ii. 12,18 ; partial, from an in-
jury, ii. 12; caused by crossing, ii.
13-25; explained by latent charac-
ters, ii. 25-81; producing monstro-
sities, ii. 31; producing peloric
flowers, fi. 32-34; of feral pigs to
the wild type, i. 81, 82 of suppesed
feral rabbits to the wild type, i. 108,
116, 118; of pigeons, in coloration,
when erossed, i. 206-213; in fowls,
i. 251-258; in the silkworm, i. 318;
in the pansy, i. 3935 in a pelargo-
pium, i. 403; in Chrysanthemums,
i. 404 ; of varieties of the China rose
in St. Domingo, i. 406; by buds in
pinks and carnations, i 407 ; of la-
cininted varieties of trees to the
normal form, i. 408; in variegated
leaves of plants, i. 4095 in tulips, i
412; of suckers of the seedless bar-
berry to the common form, i. 4103
by buds in hybrids of ZTropwalum, i,
4955 in plants, i. 442; of crossed
peloric snapdragons, ii. 465 analogous
wariations due to, ii. 340-344.
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Ritrsocenos, breeding in captivity in
India, ii. 132,

Rhododendron, hybrid, ii. 253,

Rhododendron ciliatum, ii. 267.

Riododendron dalhousia, effect of pol-
len of R. nuttallii upon, i. 431.

Ribes grosswlaria, i. 876-378, 400,

Ribes rubrum, i. 400,

Rips, number apd characters of, in
fowls, . 280 ; characters of, in ducks,

. 207, 298, ’

Rice, imperinl, of China, ii. 189§ In-
dian varieties of, ii. 248 ; variety of,
not requiring water, il. 285.

Ricuarpsos, H. D., on jaw-appendages
in Irish pigs, i. 79; management of
pigs in China, L 71; occurrence of
striped young in Westphalian pigs, i
80; on crossing pigs, il. 793 on in-
terhreeding pigs, il 102 ; on selection
in pigs, ii. 178, [

RIcHARDSON, Sir John, observations on
the resemblance between North Ame-
rican dogs and wolves, i. 21, 22; on
the burrowing of welves, i. 285 on
the broad feet of dogs, wolves, and
foxos in North America, i, 42; on
North American horses scraping away
the snow, L. 53, Y

Ricinus, annual in England, ii. 285,

Riepgr, Dr., on the © Bngndotu_"
pigeon, I, 1485 on the Jacobin pi-

n, L 162; fertility of hybrid
pigeons, L. 2013 circumcision, i, 467,

RiLEY, on Phylloxera, i 354

RISDERPEST, ii. 373,

RivToUL, Mr, potato- grafting, i
421,

R1ss0, on varieties of.the orange, i. 357,
i, 298, 324,

. Rivees, Lord, on
hounds, ii. 221.

Rivens, Mr., persistency of characters
in seedling potatoes, i. 8515 on the
peach, i 857, 359 ; persistency of
1azes in the peach and nectatine, i
360, 861; connection between the
peach and the nectarine, i. 3615 per-
sistency of character in seedling
apricots, i. 366 ; origin of the plum,
id.; seedling varieties of the
plum, i 3673 persistency 9( ch
racter in seedling plums, i. 363;
bud-variation in the plum, i 399;

the selection of kny-

lum attacked b{ bullfioches, i

17 ; seedling apples with surfaces
roots, i. 9713 variety of the apple
found in a wood, ii, 247; on roses,
i. 890, 891; bud-variation in roses,
i, 404406 ; production of Provence
roses from seeds of the moss-rose, i.
405 effect produced by grafting on
the stock in jessamine, i. 418; in the
ash, ibid. ; on grafted hazels, i, 419;
hybridisation of a weeping thora, i.
461; experiments with the seed of
the woeping elm and ash, L 4623
variety of the cherry with curled
petals, ii. 218,

RIviRRE, reproduction of Onciditem oa-
vendishionum, i, 114,

RoBerTs, Mr.,, on inheritance in the
horss, 1. 454,

RopertsoN, Mr., on glandular-leaved
peaches, i. 364,

Ronixer, on the silkworm, i. 317-321,
ii. 181,

Robinia, ii. 264

Romsox, Mr,, deficiencies of half-bred
horses, i 455.

Romsox, Mr., on the advantage of
change of soil to plants, ii. 128, 129;
on the growth of the verbena, il
263 ; on broceoli, §f. 361,

Rook pigeon, measurements of the, i
140; figured, i. 141, ’

Roloal-ixm sterility of, in captivity, i,

Rodriguezia, i, 1135, 116,

RopwELL, J., poisoning of horses by
mildewed taves, ii. 331.

Rogsxwvxb, feral humped cattle i, i

Ronuz, F., on the history o
ii. 209, T NMES

ROLLER-PIGEONS, Duch, i 138,

RoLuestoN, Prof,, inherited effects of
injuries, i. 4693 incisor teeth afe
fected in form in cases of pulmonary
tubercle, i, 523, 3

RoMANES, on sternum of the fowl, i,
288 ; rudimentary organs, ii. 809,

Ro;l;Arxs'},B:lmtfh}“ of pigeons by, i.

33 breads of fowls possess i

243, 238, sl

Rooxs, pied, ii. 53.

Rosa, caltivated species of, i. 390,

Rosa devonicnsis, graft-hybrid produced
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1y, on the white Banksian rose, i

419,

[Rosa indica and centifolia, fertile hybrids
of) 1. 890,

Rosw spinosissina, history of the culture
of, i. 391,

RoseLuing, on Egyptian dogs, i 17.

Roaes, i. 390, 891; origin of, i. 388;
bud-variation in, i. 404—406; Scotch,
doubled by selection, ii. 185; con-
tinuous variation of, ii. 228; effect
of seasonal conditions on, ii. 263;
poisette, ii. 2995 galls of, ii. 274.

Ross, Dr., on Pangenesis, ii. 350, 377,

RoUENNAI, rabbit, i. 109,

RouJou, polydactylism, and
development, |, 438,

RovLIs, on the dogs of Junn Fernandez,
{, 27 on South American cats, i, 48;
ntrlgcd oung pigs, I, 80; feral pigs
in South America, i. 81, ii. 7; on
Columbian eattle, i. 92, ik 189, 2125
effects of heat on the hides of ‘cattle
in South America, i 95; tleece of
gheep in the hot valleys of the Cor-
dilleras, i, 1023 diminished fertility
of these sheep, ii. 145; on black-
boned South American fowls, 1. 2713
variationof the guinea-fowlin tropical
America, i. 810; frequency of striped
Jogs in mules, ii. 163 geesein Bogota,
ii, 145 ; sterility of fowls introduced
into Bolivia, il 145,

Rov, M.,ona variety of Magnolia gran-
diflora, ik 209, .

RovLE, DTy Indisn varieties of t}ne mu'l.-
perry, i. 8545 on Agave vivipard, il
153; variety of rice not requiring
irrigation, il. 205 ; sheep from the
Cape in lndir}. iiL g?g

len of, 11. =2
Rubus, pOIEE 7o 12, i1, 306-310,

TARY Organs,i.
gg:;”:: LAVISON, extinction of breeds
of dogs in France, il 4_21.
RUMINANTS, generul fertility of; in cap-
iy, 1. 1990
< fowls, . 241,
140-1513 history of, i. 2203

arrested

R'-’l“:;',‘ 33‘“ and skull figared, . 17‘3.
. k., spiegelcarpe, il. 202.
e yan rabbit, k. 112,

™, 105 horses of Swiss lake-
dwr:lli;;;s i, 5k; diversity of early

voL. L

domesticated horses, i, 535 pigs of the
Swiss lake-dwellings, i. 68, 715 on
humped cattle, i. 83; parentage of
European broeds of cattle, i. 84, ii.
423 on “Niata " cattle, i, 95; sheep
of the Swiss lake-dwellings, i, 97, ii.
423 ; goats of the Swiss lake-dwell-
ings, i. 105 ; absence of fowls in the
Swiss lake-dwellings, i. 258; on
crossing eattle, il. 76; differences in
the bones of wild and domesticated
animals, ii. 208; decrease in size of
wild Buropean animals, ii. 427,

Rre, wild, ﬁ. Candolle’s observations
on, i, 830 ; found in the Swis lake=
dwellings, i. 337 ; common, preferred
by hares and rabbits ii. 2183 loss
v:\rzi:blo than other cultivased plants,
il, 241,

SARINE, Mr., on the cultivation of Kosu

spinosissima, i, 8913 on the cultivas
tion of the dahlia, i. 593, 894,ii. 249,
effect of foreign pollen on the seed-
vessel in Amaryllis vittata, i. 451,

ST. ANGE, influence of the pelvis on the

shape of the kidneys in birds, it. 336,

St. DoMixNGo, wild dogs of, i. 285 bud-

variation of dahlias in, i. 411,

&1, HILAIRE, AUG., milk furnished by
cows in South America, ii, 290
husked form of maize, §. 338,

Sr. Joux, €., feral cats in Scotland, i

49; taming of wild ducks, . 292.

81, VauEry apple, singular structure
of the, i 872, artificial fecundation
of the, i. 432.

Sr. Virus' Dance, period of appearance
of, ii. 54

Saqis, Prof, flow of sap, ii. 286.

SAGERET, origin nnd varieties of the
cherry, i. 368, 369 ; origin of varieties
of the apple, i. 3723 ineapacity of
the cucumber for erossing with other
species, 1. 883 5 varieties of the melen,
anid. ; supposed twin-mongrel melox,
i. 427; crossing melons, ii. 86, 1095 on
gourds, ii. 86 ; effects of selection in en-
Targing fruit, it. 202; onthe tendency
to cﬂpau’t from type, ii. 228 3 variaticn
of plants in particular soils, ii. 267,

SALAMAXDER, experiments on the. it
283, 857, 9853 regeneration of lost
parts in the, il 357-359.2

l.
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SOOTT.

Salammdra eristata, polydactylism in,
i, 548,

SAv1sauRY, Mr., on the production of
nectarines by peach-trees, i. 361 ; on
the duhlia, i. 593, 394,

Salix, intercrossing of species of, i. 356.

Suliz humilis, galls of, ii. 272, 273.

SALLE, feral guinea-fowl in St. Domingo,
i. 510,

SALMOYN, early breeding of male, ii. 379,

SarTER, Mr., on bud-variation in pelar-
goniums, 1. 403, in the Chrysan-
themum, . 404 ; trapsmission of
variegated leaves by seed, i 409;
bud-variation by suckers in Phiox, i
410; application of selection to bud-
varieties of plonts, i. 443; accumu-
lative effect of changed conditions of
life, ii. 249; on the variegatlon of
strawberry leaves, il 2643 on pollen
within ovules, ii. 387,

SarTer, S J., hybrids of Gallus son-
neratii and the common fowl, i. 246,
ii. 19; crossing of races or species of
rats, ii, 65 ¢

SaLviy, habits of the jackal, i. 25;
mutilation inherited in mot-mot, i
470.

SAMESREUTHER,on inheritance in cattle,
is 455,

SANDFORD. See DAWKINS.

SANgON, M., origin of the horse, i. 54 ;
lumbar vertebra of pigs, i. 77.

Sar, ascent of the, ii. 286.

Sa i calabrica, i. 463.

SAFORTA, on Pistacia, L. 431,

SARDINIA, ponies of, i. 54,

Qips, on the development of the
hydroida, ii. 364.

SATIATION of the stigma, i. 434, 435,

Saturnia pyri, sterility of, in confine-
ment, ii. 141.

SavL, on the management of prize
gooseberries, i, 578, .

SAUVIGNY, varieties of the gold-fish, i,
512,

SAVAGES, their indiscriminate use of
plants ns food, i. 325-327 ; fondness
of, for taming animals, i, 146,

Sav1, effect of foreign pollen on maize,
i. 430,

Sarifraga gewm, ii. 150

SAyzip MomAMMED MUBARI, :n car-
rier-pigecns, i. 148; on a Ppigeon

which utters the sound “ Yahu," i
163,

SCANDEROONS (] ns), i. 148, 150.

SCANIA, Temni N«??B [rontasus found
in, i. 85,

ScAPULA, characters of, in rabbits, i.
129; in fowls, L. 282 ; in pigeons, i.
177; alteration of, by disuse, in
pigeons, i. 184,

SCARLET fever, ii. 272.

SCHAAFFHAUSEN on the horses repre-
sented in Greek statdes, {i. 158,

ScHLEIDEN, excess of nourishment a
cause of variability, il 244

ScHMERLING, Dr., varieties of the dog
found in a cave, i. 19,

Scuousueck, Sir R, on the dogs of
Indinps of Guiana, i, 20, 23, ii. 191
on the musk duck, i. 191; bud-
variation in the banana, i, 401;
reversion of varieties of the Chins
rose in St, Domingo, i. 406 ; sterility
of tame parrotsin Guiana, ii. 138
on Dendrocygna viduata, il, 1403
selection of fowls in Guiana, ii. 194,

SCHREIRERS, on {‘rofeus, ii. 287.

SontTze on tHe Torfschwein, i, 71.

Seivropleris volweella, ii- 135,

Soiurus palmarum and chnerea, ii. 135.

SCLATER, P, L., on Asinus faniopus, 1.
65, ii. 16 ; on Asinus indicus, i 17 *
striped character of young wild pigs,
I. 723 osteology of Gallinwla nesiotis,
i, 50¢2; on the black-shouldered peu-
cock, i. 805-407: animals breeding
in Zoological Gardens, fi. 131 ; birds
breeding in Zoological Gardens, ii.
136; ou the breeding of birds in
captivity, ii, 156, 140.

Scoteh fir, loeal variation of, i. 384,

So(ircu kail and cabbage, eross between,
i, 76.

Scorr. Jonx, irregularities in the sex
of the flowers of malze, i. 339; bud-
variation in Jmatophyllum miniatim,
i. 411 ; eroscing of species of Verbes-
cum, ii, 84, 85; self=sterility of Ver-
bascum, ii. 118; experiments on
crossing  Primulm, ii. 87 ; reproduc-
tion of orchids, il. 114 ; fertility of
Oncidivm divaricatum, il. 1473 accli
matisation of the sweet pea in Indin,
il 302 ; number of seeds in Aoryvra
and Gongora, i, 378 L
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SEXUAL.

Bcropy, on the Scotch deerhound, ii.
49, 100.

SounbER, Dr., on re-growth, ii. 359.

Sgprient, Siv John, effects of close
inter-breeding in dogs, ii. 199; care
taken by, in selection of fowls, ii, 181

Secale cereale, ii. 241.

Sepawick, W., effects of crossing on the
femnle, i. 436; on the * Porcupine
man,” i, 448; on hereditary diseases,
{. 451; hereditary affections of the
eye, i. 453, ii. 54 ; inheritance of poly-
dactylism and anomalies of the ex-
tremities, i. 458, 459 ; morbid uni-
formity in the same family, i. 460;
on denf-mutes, i. 466 ; inheritance of
fnjury to the eye, i, 469; atavism
in diseases and snomalies of structure,
il 83 non-reversion to night-blind-

' ness, ii. 103 sexual limitation of the
transmission of peculinrities in man,
ii. 48, 49; on the effects of hard-
drinking, ii. 2805 inherited baldness
with deficiency of teeth, ii. 319, 320
occurrence of n molar tooth in place
of an ineisor, ii. 875 diseases occur-
ring in alternate generations, ii. 396.

SepiLLot, on the yemoval of portions of
bone, ii. 256

SEEDS, early selection of, ii. 188; rudi-
mentary, in grapes, i, 306 ; relative

stion of, in the capsule, il. 357,

SEEDS and buds, close analogies of, i

crossing of the wolf and
dogs, i. 22,
f characters, i, 425, 439,
. J., on the bud-destroying
{ the bullfinch, ii. 217,
ii. 176-236 ; methodieal, i.
178-195; by thelg;:.iltims
mi-civilised people, ii. 05 3
:?dtﬁﬂing characters, il 19.1_5-195;
uneonscious, i 24, 227, ii. 158,
105-2023 effects of, shown by differ-
enoes in must valued parts, ii. 202—
203 3 ,P,,,duoed by accumulation of
20 ility, ii. 205-208; patural, 8
affecting domestic productions, 1i.
169-174, opa-219; as the origin ol
spocies, generd and other groujs; il
‘.,5_4-_,5'; circumstances .h‘n'oumblc
td;, i, 210-226 5 tendency Ofy lum_u-ds
: 3 i, 226-2293 possible limit

444,
SEEMANK, By
)-;;quimau:
SpGREGATION 0
sy, P
habits o
SELLCTION,
224, i

| SExuAL selection, ik, 51.

of, §i. 229; influence of time on, ii.
230, 232; summary of subject, ii.
234, 236 ; effects of, in modifying
breeds of cattle, i. 86 in preserving
the purity of breeds of sheep, i
108, 104 ; in producing varieties of
pigeons, i. 222-229; in breeding
fowls, i. 244, 245; in the goose, i
805; in the canary, i. 811; in the
gold-fish, i, 312; in the silkworm, i.
316, 317 ; contrasted in cabbages and
cereals, i, 341 ; in white mulberry, i
3543 on gooseherries, i, 378 ; applied
to wheat, i. 835, 336; exemplified
in carrots, &ec., i. 345; in jotato, i
351 ; in the melon, i, 388 ; in flower-
ing plants, L 388 ; in the hyacinth, i.
395; npplied to bud-varieties of
plants, i, 443; illustrations of, 13-
416-424,

SrLECTION, sexual, ii. 51.

SELP-IMPOTENCE in plants, ii. 112~
122; in individual plants, &, 117~
120 ; of hybrids, ii. 158,

SELWYN, Mr., on the Dingo, i. 26.

SuLys-LoxcerAMes, on hybrid dacks,
i, 109, ii. 20, 140; hybrid of the
hook-billed duck and Egyptian goose,
i. 296.

SERINGE, on the St. Valeéry apple, i. 371.

SereENT melon, 1. 383, i, 324,

SerrEs, OLIVIER DE, wild poultry in
Guiana, i. 249,

SesamuN, white-seeded, antiguity of
the, ii. 425,

Setaria, found in the Swiss lake-dwell-
ings, i. 335.

SETTEGAST, sheep poisoped by bucks
wheat, it. 331,

SETTERS, degeneration of, in Todia, 1.
39; Youatt's remarks on, i 43.

Sex, secondary characters of, latent, 1.
26, 27; of purents, influence of, on
hybrids, ii. 250,

SExUAL characters, sometimes lost in
domestication, ik 50.

SEXUAL limitation of characters, ii. 47—
51,

SExUAL pecnlinrities, induced by do-
mestication in sheep, L 983 in fowls,
i, 264-267 1 transfer of, i. 268-270,

SExUAL variability in pigeons, i. 169,
170.

212
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S1ZE.

SHADDOCK, i. 355.

SuAILER, Mr., on the moss-rose, i. 405.

SHAN ponles, striped, i. 61,

SuaxauAL fowls, i, 237,

SHANGHAT sheep, their fecundity, i
101,

SuEEp, dispated origin of; i. 97; early
domestication of, i. 98 ; large-tailed,
i, 98, 102, ii. 269; variations in
horns, mamme, and other characters
of) i. 89; sexual characters of, induced
by domestication, ibid. ; adaptation
of, to climate and pasture, i. 100,
101; periods of gestation of, i. 1015
effect 6f heat on the fleece of, i. 102,
103, ii. 268; effect of selection on, i,
108-105 ; “ancon” or * otter” breeds
of, i, 104; * Mauchamp-merino,” i.

» 104, 1053 cross of German and
merino, ii. 66; black, of the Taren-
tino, ii. 212; Karakool, ii. 268;
Jaffna, with callosities on the knees,
il. 292 Chinese, ii. 306; Danish, of
the Bronze peried, if. 423; polydac-
tylism in, i. 459; occasional pro-
duction of horns in hornless breods
of, ii. 3; reversion of colour in, sbid. ;
influcace of male, on offspring, il. 45 ;
sexual difforences in, ii. 49 ; influence
of crossing or segregation on, ii. 63,
78, 80, B1; interbreeding of, ii. 8,
99; effect of nourishment on the
fertility of, iL. 90; vnlue of, cross
bred, ii. 99; diminished fertility
of, under certain conditions, if. 1453
unconscious selection of, il 1983
natural selection in breeds of, i, 210,
212; reduction of bones in, ii. 228 ;
individual differences of, ii. 2383
local, changes in the fleece of, in Eng-
land, ii. 268; partial degeneration of,
in Australin, ibid. ; correlation of
horns and flesce in, ii. 5183 fcediug
on flesh, ii. 293 ; acclimatisation of,
ji. 2964 mountain, resistance of, to
severe weather, ii. 303; white, pole
soned by Hypericum crispum, ii. 331,

sneer dogs, resembling walves, i 245
mutilated tail inherited, i. 470,

Suwrts, sinistral and dexteal, ii. 28.

SHIRLEY, E- P., on the fallow-deer, ii.

. 81,99,

SHIRREFF, Mr., new vatieties of wheat,
i. 332, 334; on crossing wheat, ii.

B4; varinbility of wheat, i. 4103
continous variation of wheat, ii, 228,

SworT, D., hybrids of the domestic cat
and Felis ornata, i. 47,

S1AM, cats of, i. 46 ; horses of| i, 59.

StBERI As, 6mortlmrn range of wild horses
in, i. 56.

Sicney, J., on the deafness of white
cats with blue eyes, ii. 323,

SinNEY, S, on the pedigrees of pigs,
i. 447 ; on cross-revemsion in pigs, ii.
8; period of gestation in the pig, i
77; production of breeds of pigs by
intercrossing, L 82, ii. 73; f{rtilily
of the pig, ii. 90; effects of inter-
breeding on pigs, it. 101-102; on the
colours of pigs, i, 195, 214,

S1EBOLD, on the sweet potato, L. 209

SrEnoL, CARL VOX, on parthenogenesis,
i, 853,

Sifeno, contabescence in, ii. 149,

SILE-FOWLS, i. 242, il 42, 44,

SiLk-MoTH, Arrindy, ii. 206, 38033
Tarroo, il 141,

StLx-MoTHS, §. 316-321; domesticated,
species of, i, 316 history of, & 3173
canses of modification in, hid.;
differences presented by, i. 5173215
crossing of, ii. 76 ; disease in, ii. 2133
effects of disuse of parts in, ii. 2883
soloction practized with, ii. 181, 183;
variation of, fi. 222; parthenogencsis
in, ii. 857.

S1LxwORNS, variations of, i. 316-3184
yielding white cocoons, less lisble to
disease, ii. 330.

S1LvER-GREY rabbit, i, 112, 114, 125,

Sniox, on the raising of eggs of the
silk-moth in China, ii. 181,

Snoxpe, J. B, period of maturity in
various breeds of cattle, i. 80; differ-
ences in the periods of dentition in
sheep, i. 100 ; on the teeth in cattle,
sheep, &c., ii. 3133 on the breeding
of superior rams, ii. 180,

SiupsoN, Sir J., regenerative power of
the human embryo, ii. 358. °

Siredon, breoding in the branchiferous
stage, ii. 379,

Sisx1x, breeding in eaptivity, it 137,

Sidatherium, resemblance of the, tc
Niata cattle, i. 93.

S1zp, difference of, an obstacle to cross:
ing, ii. 79,
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BEIX, and its appendages, homolvgous,
ii. 817 ; hereditary affections of the,
il 35,

8KIKVING, R. S, ov pigeons settling on
trees in Egypt, i 190,

SkuLL, charucters of the, in breeds of
dogs, L 835 in breeds of pigs, i. 745
in rabbits, 1. 121-126, 135; in breeds
of pigeons, i. 172, 1735 in breeds of
fowls, i. 274-279; in ducks, i. 296,
297,

SxvLL and horos, correlation of the, ii.
327.

SKYLARK, ii. 137,

SLEFMAN, on the cheetah, ii. 133,

SLOE, i. 366,

SyMALL-1OX, ik 872,

Sarren (pigeon), L 164,

Syrry, Sir A, on Calffrarian cattle, i.
§1; on tha use of numerous plants
as food in South Africa, i 325.

San, Colonel HAMILTON, on the odour
of the jackal, i 31 on the origin of
the dog, i- 163 wild degs in St.
Domiago, i. 2835 on the Thibet mas-
tiff and the alco, 1. 295 development
of the fifth toe in the hind feet of
mastiffs, i 873 diflerences in the
skull of dogs, i. 38; history of the
pointer, i. ;s on the ears of the
dog, ii. 291 ; on the breeds of horses,
i. 5l; origin of the horse, i. 533
dappling of horses, i. 58; striped
horses in Spaia, i. 613 ariginul colour
of the horse, i. 63 on horses seraping
away S00W, i, 56 ; on Asinus hemions,
ii, 17; feral pigs of Jamaica, i. 80,

8jr J. E.; production of necta=
rines and peaches by the same tree,
i. 3613 om Viola ainama, l 302,
sterility of Vinoa minor 1o England,

= 153. devolopment of the ovary in
eve
SNW eCIoRE by irritation of the
454
H., influence of the bull
te” on the breed of Short-
ii. 40

1.
SaTil,

stigma, i
Saurrit, Noo
g Fuvour!l
rattle k3 :
Su):::: LW., :m the intercrossitg of
i  the
straw berries, - Jé._..
SNARE-RAT, “.og‘}t’he
wafcEs, form isce
gsnmucsos, pud-variation 10,1

3.
viscera in. il 338,
4073

non-inheritance of colour in, i. 464
pelorie, crossed with the normn;
form, ii. 46, 71; asymmetrical
variation of the, ii, S14.

| Somw, adaptation of plums to, i. 8633
influence of, on the zones of pelar-
goninms, . 3903 on rases, i. 3915 on
the varicgation of leaves, i. 409 ; ad-
vantages of change of, il 127-130.

So1L and climate, effects of, on straw-
berries, i. 375,

Sol;;uwn, non-intercrossing of species of;

. 68,

Solannm tuheroswm, 1. 350, 351, 410.

SOLID-HOOFED pigs, i. 78,

Soroxox, his stud of horses, 1. 57,

SoMERvILLE, Lord, on the fieecce of
Merino sheep, i. 103; on crossing
sheep, ii. 99; on selection of shewpy
ii, 179; diminished fertility of Merino
sheep brought from Spais, il 135.

Soory fowls, i, 242, 269,

Sorghum, i, 396,

8010, FERDINAND DE, on the cultivation
of native plants in Florida, i. 328,
SpAIN, bawthorn monogynous in, i. 387,
SPALLANZANT, on feral rabbits in Li-
pari, i. 118; experiments on sala-
manders, ii. 283, 357, 858 ; experi-
ments in feeding a pigeon with meat,

ii. 204

SpaxieLs,in India,i. 393 King Charles’s,
i. 43 ; degencration uf, caused by in-
terbreeding, ii. 100.

Spaxisn fowls, i, 237, 263, 2685 figured,
i. 238; early development of sexunl
characters in, i. 263 ; furculum ofy
figured, i. 281

Species, difficulty of distinguishin%
from vavietics, i. 4; conversion o
varieties into, i. 5; origin of, by
patural selection, ji. 410; by mutual
sterility of varieties, ii. 169-172,

Sprxcer, Lord, on selection in breeding,
il 179

Spexcrn, HERBERT, on the “survival of
the fittest,”i. 63 increase of fertility
by domestication, ii. 893 on life, i1
130, 161 ; changes prodrced by ex-
ternal conditions, ii. 2703 effects of
use o1 organs, ii. 2863 nscent of tha
sap in trees, diid.; corrclation ex-
emplified in the Irish elk, ii. 527, 3283
on “physiological unite,” i 3707
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Granada, i. 81; of fruit and fAowers,
i, 430, ii. 11; in horses, L 58-63; in
thoe ass, i 66, 67 ; production of, by
erossing species of Equide, ii. 16, 17,

Striz grallaria, ii. 202.

Strix ina, il. 137.

« Srpupe-TAUDE,” i. 163,

STRUTHERS, D., osteology of the fect in
solid-hoofed pigs, i. 78; on poly-
dactylism, i. 457, 458,

Sruna, prepotency of transmission of
characters in sheep and cattle, §i. 415
absorption of the minority in crossed
races, il 60; correlation of twisted
horns and curled wool in sheep, ii.
518,

Sun-srECIES, wild, of Columba livia and
other pigeons, i. 214

SycoessioN, geological, of organisms, i,

11,
SuekEEs, bud-variation by, i 409.
SUGAR-CANE, sterility of, in various
countries, ii. 153 sporting of, i 4105
white, liability of, to disease, ii. 213,

330,
SuinoE, hereditary tendency to, L 451,
i. 95
Uil..tvut, Admiral, on the horses of the
Falkland Islands, §. 553 wild pigs of
¢he Falkland Islands, i. 803 feral cattle
of the Falkland Islands, i. 89, 963
feral rabbits of the Falkland Islands,

i 117.
eax fowl, i, 240, 267.
i, 1, 68, 70-72, ii. 89,
Bus pliciceps (figured), i. 72.
Sies scrofiay i 68, 69,_11. 8.
Sus scrofa palustris, 1. 7l.
Sus iensis, i. 71
ittatus, 1. 70,
.sg:g:‘wws, s broed of pigeons, i. 64,
SWEET peas, ii. 68 crosses of, iL 713
varieties ofy coming true by seed, i.
4633 ncc]imatintiun of, in India, ii.
502, e ol L
Sw William, bud-variationin, i 400,
Swese S ’on Chinese pigeons, i
iped Chinese horses,
e japauned eacock, i. S0¢
i £, ..193
3 SRLAND, ancient 'ogs of, 193
s"prirgz::r, in the Neolithic period, 1713
¢5 of, i. 105
SYCAMORE, pale-leay
il, 524

ed variety of the,

Syies, Colonel, on a pariah dog with
crooked legs, i. 175 on small Indian
asses, i. 60; on Gallus sonneradi, i.
245 on the voice of the Indian Kulm
cock, i. 272 fertility of the fowl in
most climates, ii. 144

vam;'ﬁru\', hereditary departures from,
i. 456,

Symphytum, variegated, i. 410

SypHILIs, hereditary, ii. 825,

SyRrA, asses of, i, 63,

Syn‘n_'l;a 8;::-1:’00, chinensiz, and valyaris,
i, 14

Tacrrus, on the care taken by the Celts
in breeding animals, ii. 187,
Taiyeet;: signata, dwarf variety of, i.

TamiT, varieties of cultivated plants
in, il. 2435,

TaiL, never curled in wild animals, ii.
291 ; rudimentary in Chinese sheep,
il 8086,

TAIL-FEATIERS, numbers of, in breeds
of pigeons, i. 167, 168; peculiarities
of, in coeks, k. 267; variability of, in
fowls, i. 270; cuzled, in Anas 48,
and tame drakes, . 295,

Tair, Lawsox, presence of hairs and
teeth in ovarian tumours, ii. 965,

TALENT, hereditary, t. 451

TANKERVILLE, Eurl of, on Chillingham
cattle, i, 88, ii. 97,

Tasxen, Prof, effects of disuse of parts
in cattle, il. 289.

TAPIR, sterility of the, in captivity, .
153,

TARGIONI-TOZZETTI, on cultivated
plants, i 823; on the vine, L 8023
varieties of the peach, i. 363 ; origin
and varietles of the plom, i. 567 ;
origin of the cherry, i. 368; origin
of roses, i. 590.

TAnsus, variability of the, in fowls, i.
272 ; reproduction of the, in a thrush,
ii, 308,

TArTARS, their preference for spiral-
horned sheep, ii. 1894

TAverRsieg, nbundance of pigeons in
Persia, i, 215,

Taxus baceata, i, 461,

TAYLOR, Mr., potato-grafting, L. 420.

TegsaY, Mr., reversion in fowls, ii. 12,

| Ty, number and position of, in dogs,
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1.9 ; deficiency of, in paked Tarkish

dogs, i. 56; period of appearance of,
in breeds of dogs, (%d. ; precocity of,
ir highly-bred animals, ii. 318 ; cor-
relntion of, with haiy, {i. 319 ; double
row of, with redundant hair, in Julia
Pastrana, il. 321; affected in form
by hereditary syphilis and b{ pulmo-
nary tubercle, ii. 525; developed on
the palate, ii. 885,

TEGETMEIER, Mr., on a cat with mon-
strous teeth, i. 50; on a swift-like
pigeon, i. 165; on sexual colours, i
1703 naked young of some pigeons,
1. 170 ; fertility of hybrid pigeons, i.
201 ; on white pigeons, ii. 215; re-
version in crossed breeds of fowls, i,
251-256 3 chicks of the white silk-
fowl, §. 261; development of the
cranial protuberance in Polish fowls,
i, 262; on the skull in the Polish
fowl, i. 268, 275; on the intelligence
of Polish fowls, i. 276; correlation
of the cranial protuberance and crest
in Polish fowls, i. 2885 development
of the web in the feet of Polish fowls,
i. 272; early development of several
peculiarities in Spanish cocks, 1. 263 5
on the comb in Spunish fowls, {. 2663
on the Spanish fowl, ii. 296 ; varicties
of game-fowls, i 264 ; pedigrees of

me-fowls, I, 447 ; assumption of
fomale plumage by a game-cock, i
2653 natural selection in the game-
cock, il 2105 pugnacity of gome-
hens, i. 2683 length of the middle
toe i;! Cochin fowls, i, 272 origin of
{he Sebright bantam, il. 29; dm:cr-
ences in the size of [owls,‘ i 2705
gffect of crossing in fowls, ibid, ; i,
74 ; cffects of interbreeding in fowls,
; iO"r 106 ; incubation by mo‘qgrels
of non-sitting races of fowls, ii. 185
jnverse correlation of crest and comb
in fowls, i. 2883 oceurrence of pep-
c?llml feathers in fowls, ii. 14 on a
jaty of the goose from Sebastopol,
“304 on the fertility of th_e pea-
‘l;m i, 01; on the intercrossing of
, i, 915
i. 107, 3
,M;;l'\.ié',(lﬁﬁgin of domestic cats, i. 465

Ll in of domestic pigeons, i. 1895 on
25' b guined, i 192; on Colunmba
k:fwa,,;“,[,,, ibid. ; asserted Teluc-

tance of some breeds of pl(gcnml to
cross, i 202: sterility of hybrid
turtle-doves, {. 203; varkutions of
Gallus bankiva, . 247; on a buff-
colonred breed of turkeys, i. 509;
number of eggs laid by the peahen,
ii. 91; breeding of guans in captivity,
ii. 139 ; behaviour of grouse in cap-
tivity, ibid. ; sterility of the partridge
in captivity, itad.

TeNDRILS in Cucurbitacewm, i. 881, ii
306.

TexseNT, Sir J. E, on the goose, i.
302; on the growth of the apple in
Ceylon, ii. 2663 on the Jaffnu sheep,
il 202,

Teredo, fertilisation in, ii. 356.

Terriens, wry-legged, ii. 252; white,
subject to distemper, ii. 530,

TrEsCHEMACHER, on a husked form of
maize, i, 339,

TESSIER, on the period of gestation of
the dog, i. 30; of the pig, i. 77 ; in
cattle, i, 90 experiments on change
of soil, ii. 129.

Tetrao, breeding of species of, in capti-
vity, ii. 139,

Tetrapteryz paradisea, ii. 140,

Z"cw;n‘wn campanwlatum, pelorism in, ii,
$37.

TeXAS, feral cattle in, i. 89,

Tueoaxis, his notice of the domestic
fowl, i, 258,

THEOPIMASTUS, his notica of the peach,
il. 299,

Thesiwm, ii. 274,

Tuosrsox, Mr., on the peach and nec-
tarine, i. 363 ; on the varieties of the
apricot, i, 365 ; classifieation of varie-
ties of cherries, i, 369 ; on the “Sister
ribston - pippin,” 1. 872; on the
:;r_;;ieties of the gooseberry, i. 878,

TromrgoN, WILLiAM, on the pigeons of
Jslay, i, 193; feral pigeons in Scot-
land, i, 193 ; colour of the bill and
logs in geese, i. 804; broeding of
Tetrao scotius in captivity, ii. 139
destruction of black fowls by the
osprey, ii. 215.

Tuors, grafting of early and late, i
386; Glastanbury, i, 887,

THORNS, reconversion of, into brauches,
in pear trees, ii, 310,



THRUSI.

INDEX.

TUMOURS,

489

Tunrve, asserted reproduction of the |
tarsus in a, ii. 358, 1

Zhuja pendula or filiforinis, a variety of
7. orientalis, i. 386,

THURET, on the division of the zoospores
of an alga, ii. 372.

Tuawarres, G. H., on the cats of Ceylon,
i. 48; on a twin seed of Fuchsia coc-
cinea and fulgens, i. 426.

TIBURTIUS, experiments in rearing wild |
ducks, i, 292,

‘l‘xclmg, rarely fertile in eaptivity, ii.

7'0‘94?;14'« conchiflora, bud-variation in, i.

TimE, importance of] in the production
of races, ii. 230.

'Px§zx:?gxx, self-impotence in the potato,
1 o

Tissues, affinity of, for special organic
substances, ii. 375,

Tromion, destructive to thin-shelled
walnots, I, 379 ; attacking nuts, ibid.;
attacking peas, ii. 216.

TonAcco, crossing of varieties of,
ii. 87 cultivation «of, in Sweden, ii.
208,

ToBOLSE, red-coloured cats of, i. 49,

Toks, relative length of, in fowls, i.
g’ig; development of fifth, indogs, ii.

09,

-rox.;;T, Mr., his selection of cattle, ii.
183.

‘TomaTo, ii. G8.

Toxmes, inheritance of dental malforma-
tions, i, 452,

Tontrrs.  See Trraucs.

TosGUR, relation of, to the beak in !
pigeons, i. 77,

‘Too1st, oceurrence of a molar, in place
of an incisor, il. 385.

“Torpscuweis,” i, 71,

TeralL, R., on the uoion of half-tubers
of difierent kinds of potatoes, i.
420,

TrEES, varieties of, suddenly produced,
i, 884 ; weeping or pendulous, i. 385
fastigate or pyramidal, iid. ; witk
variegated or changed folingo, ihid.
early or late in leaf, i, 386 ; forest !
non-application of selection to, ¥
223,

“TREMBLEUR ™ (pigeons), i. 153,

TrEMBLEY, on reproduction in Hydra,
ii. 352,

“TruvorTiN: ” silkworms, i. 318, 319,

Trichosanthes anguina, i. 383,

Tricks, inheritance of, i. 450, 451,

Lrifoliun minus and repens, ii. 147,

TRIMORPHIC plants, conditions of repro-
duction in, ii. 165-169,

Tristra, H. B, selection of the drome-
dary, ii. 190.

Triticum dicoccwm, i. 337.

Triticum monococcum, i. 337.

Triticum spelta, i. 337,

Triticum turgidum, i. 337.

Triticum vwigare, wild in Asia, i. 330.

Tri1ON, breeding in the branchiferous
stage, ii. 379,

“ TroMMEL-TAUBE,” i. 162,

“T'rONFO ™ pigeon, i. 151,

Tropecolum, ii, 11,

Tropaolum minuws and majus, reversion
in hybrids of, i. 425.

TROUBETZREOY, Prince, experiments
with pear-trees at Moscow, il. 297,
TrousseAv, Prof,, pathological resem-

blance of twins, ii. 239.

TRUMPETER pigeon, i, 162; known in
1735, i. 217.

Tsonarser, H. Al pE, graft-hybrid pro-
duced by inosculation in the vine, i
419,

Tscnupl, on the naked Peruvian dog,
i. 24; extinct varietics of maize
from Peruvian tombs, i 338, ii
421,

TuBERS, bud-variation by, i. 409411,

Tvekeryax, Mr., sterility of Carexs
rigida, il. 154,

TurreD ducks, i. 205,

TuLIrs, variability of, i. 894 ; bud-vara-
tion in, i 411,412 influence of =oil
in “breaking,” 1. 411,

TuMBLER pigeon, i. 156-161; short-
faced, figured, i. 160; skull figured,
i. 172; lower jaw figured, i. 1733
scapuls and furculum figured, §. 176 5
early known in India, i. 217 ; history
of, i 219; sub-breeds of, i. 2803
young, unabls to break the egg-shell,
ik, 211 ; probable further modification
of, ii. 229,

“TamLee " (pigeons), i. 156,

Tuxouss, ovarinn, occurrence of halra
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and teeth in, ii. 365 ; polypoid, crigin
of, ii. 377.

Toreir (pigeon),i. 156, 219.

Turxkey, domestic, origin of, i. 308;
crossing of, with North American wild
turkay, i. 308, 309 ; breeds of, i. 308;
crested white cock, i. 309 ; wild, cha-
racters of, i. 309, 310; degenaration
of, in India, i. 310; ii. 267 ; failure

of eggs of, in Delhi, ii. 1453 feral, on

the %’uans, i, 199; change produced
in, by domestication, ii. 250.

TURKEY, striped young pigs in, i. 80.

“Tupkiscie TAUBE,"” i. 146.

TursER (pigeon), i, 164,

TURNER, C., on the hollyhock, i. 86.

Toexer, W., on cells, ii. 366.

TorNIPs, origin of, i. 344; reversionin,
it. 53 run wild, ii. 75 crosses of, ii. 71,
74; Swedlish, preferred by hares, ii.
217 ; acclimatisation of, in India, ii,
302.

Tursseir, on an Egyptian monument,
i. 17 ; crosses of the, ii. 70.

TURTLE-DOVE, white and coloured,
crossing of, il. 0.

Turtur aguru'm:, hybrids of, with 7%
cambayensis and 7. suratensis, 1.
203.

Turtwr risorius, crossing of, with the
common pigeon, L 2023 hybrids of,
with 7. vulgaris, ibid. _

Turtur swratensis, sterile hybrids of,
with 7. vedgaris, i. 203§ hybrids of,
with 7. awritus, ¥id.

Tyrtur vulgaris, crossing of, with the
common pigeon, i. 2033 hybrid of,
with 7. risorius, iid. ; sterile hyhrids
of, with 7% suratensis and Lctopistes
migratorius, wid. : S

Tusks of wild and domesticated pigs, i.

1'3;3.313;0. farfara, variegated, i. 410.

TwiN-s£ED  of A Fuchsia  coccinea  and

i. 426, i

Tf.';‘,ﬁf:}, B., on the pigs of the Pacific
Islands, i. 73, ii. 64; on the dogs of
the Pacific Islands, ibid.

Tyror, Mr, on the prohxbt_hon'of con-
supgnineous marringes, ii. 103,

Upogrs, development o-f the: ii. 290.
Ulex, double-flowered, ii, 151,

Ulmus campestris and effusa, hybrids of
i 111,

Uxrrorairy of character, maintained
by crossing, ii. 62-67.

Ux1Ts of the body, functional independ-
ence of the, il. 364-368.

Uxtry or plurality of origin of organisins,
i, 13,

URgEa, secretion of, ii. 8375,

Use and disuse of parts, effects of, il. 285,
293, 345, 346, 413, £14 ; in rabbits, i.
129-184; in ducks, i. 200-501.

Uritity, considerations of, leading to
uniformity, il 227.

VALENTIN, experimental production of
double monsters by, ii. 385,

Vallsta, ii. 121,

VAN Brcok, BArBara, a hairy-faced
woman, i, 448,

VAN Moxs, on wild fruoit-trees, i 329,
il. 248 ; producticn of varieties of the
vine, i, 353; correlated variability
in fruit-trees, ii. 324; production of
almond-like fruit by peach-scedlings,
i, 359, ; R

Vanessa, specles of, not copulating in
captivity, ii. 141,

VaAnriapiLiry,i. 4, ii. 366-369, 388-390,
401416 ; causes of, §i. 237-255 ; cor-
related, ii. 811-332, 346, 547, 415,
416 3 law of, equable, ii. 344, 345;
necessity of, for selection, i, 174
of selocted characters, ii, 225; of
multiple homologous parts, ii. 334,

VariaTioN, laws of, ii. 285-948; con-
tinuit{ of, il, 227 ; possible limita-
tion of, ii. 228, 413, 414 ; in domestic
cats, i. 47-70; origin of breeds of
eattle by, i. 91; in osteological cha-
racters of rabbits, i. 120-136; of
important organs, i. 382 ; analogous
or parallel, i. 340-343; in horses, i.
583 in the horse and ass, i, 67; in
fowls, §. 255-258; in geese, i. 303;
exemplified in the production of
fleshy stems in cabbages, &c., L 3445
in the peach, nectarine, and apricot,
g 363, 865 ; individual, in wheat, i,

1.

VARIEGATION of folinge, i. 409, ii, 151,

VARIETIES and species, resembiance of,
i, 4, ii. 406408 ; convaersion of, 1%
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species, 1. O3 abnormal, ii. 409;
domestie, gradually produced, {i. 411.
ViRRO, on domestic ducks, i. 281; on
feral fowls, ii. 7; crossing of the
wild and domestic ass, ii. 190,
Vasey, Mr.,, on the number of sacral
vertebra in ordinary and humped
. eattle, i, 85 ; on Hungarian cattle, i.

Vavcuenr, sterility of Ranunculus
i« Acorus calamus, ii. 154.

VEGETARLYS, cultivated, reversion in,
ii. 7 ; European, culture of, in India,
ii. 152, 153.

\"til'rll, My, on breeds of horses, i

-}

Verbascum, intercrossing of species of, i.
356, ii. 71, 83-85; reversion in hy-
brids of, i, 425; self-sterility of, ii.
118; contabescent, wilil plants of; ii.
149; villosity in, ii, 267.

Verbascum austriacwm, ii. 117,

Verbascum blattaria, 13, 83, 84,

Verbascum lye\nitis, ii. 83, 84, 117,

[ cwm wigrum, ii. 117,

Vertasoum phaniceum, il. 85, 118 ; vari-
able daration of, ii. 295.

Verbascuwm thapsus, il. 84, 118.

Vernuxas, origin of, i. 588; white,
linbility of, to mildew, ii. 218, 330;
scorching of dark, ii. 214, 330 ; affect
of changed conditions of life on, ii.
263,

Veniot, on the dark-leaved barberry,
i. 385; inheritance of peculiarities
of folinge in trees, i%id.; produc-

tion of Kosa cannabifolia by bud-vari-
ation from R. aba, i. 408; bud-
variation in Aralia trifoliata, i. 408 ;
variegation of leaves, iid. ; colours
of tulips, i, 412; uncertainty of in-
heritnnce, L 461; persistency of
white flowers, i. 463 ; peloric flowers
of Linaria, ii. 32; tendency of striped
flowers to uniformity of colour, i1, 46
non-intorerossing  of certain  allied
plants, ii. 68 ;sterility of Primwlor with
coloured calyces, il 1505 on fertile
wroliferous flowers, hid, ; on the Irish
yow, il. 228; differvnces in the Ca- |
meliia, i, 208 effect of soil on the |
variegnted strawborry, il 2635 cor-

related variability in plants, i, 524.

Verruca, ii. 28, 394,

VERTEBR.E, characters of, in rabbits, L
126-128; in ducks, i. 297, 298;
number and variations of, in pigeons,
i. 174, 175; number and characters
of, in fowls, i, 279-281; variability
of number of, in the pig, i. 77.

Verrucn. See PurscHE.

“YVERUGAR,” ii. 266.

Vaspoerus, early caltivation in Brazil,
i. 829,

VIBERT'S experiments on the cultiva-
tion of the vine from seed, i. 852,

Vibwrnum opwlus, 1i. 169, 507,

Vicia sativa, leaflet converted into a
tendril in, ii, 886,

VicuNas, selection of, ii. 192,

ViLLostry of plants, influenced by dry-
ness, il. 267,

Vitaoriy, cultivation of the wild
carrot, i. 344, ii. 267; culours of
tulips, i 412; uncertainty of in-
heritance in balsams and roses, i.
4£1; experiments with dwart varie-
ties of Saponaria calubrica and Tagetes
sipnata, i. 463 ; reversion of flowers
by stripes and blotches, ii. 11; on
variability, i, 250,

Vinea minor, sterility in, ii. 154,

VINE, . 352-854; parsley-leaved, re-
version of, i. 408 ; gratt-hybrid pro-
duced by incsculation in the, i. 419;
disease of, influenced by colour of
grapes, ii. 213, 214; nfiuence of
climate, &c., on varieties of the, ii.
267 ; diminished extent of cultiva-
tion of the, ii, 298; acclimatisation
of the, in the West Indies, ii, 304

Viola, species of, 1. 391.

Viola {utea, different coloured flowers
in, i. 440, .

Tiola tricolor, Teversion in, ii, 4, 22.

Vircuow, Frof, on the growth of
boues, ii. 284, 3773 on collular pro-
lification, ii. 85; independence of
the elements of the body, ii. 364 ; on
the cell-theory, ii. 366 ; presence of
hairs and teeth in ovarian tumonrs,
il. 3653 of hairs in the brain, il
386 ; special affinities of the ussaes,
ii. 375, origin of polyposd excres-
cences and tumonrs, i, 377,

Virorn, on the setection of seed corn, i,
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386, ii. 187 ; of cattle and sheep, ii.
188,

VIRGINIAN Islands, ponies of, i, 54,

VisioN, hereditary peculiarities of, i.
452, 453 ; in amphibious animals, ii.
208 ; varieties of, §i. 290 ; affections
of organs ofy correlated with other
peculiarities, i, 821,

Vitis vinifera, i, 352-354, 399.

Vieerra, sterility of species of, in eap-
tivity, ii. 134,

YoGEL, varicties of the date palm, ii.
243,

Voar, on the indications of stripes on
black kittens, il 30.

Voiog, diferences of, in fowls, i. 272;
peculiarities of, in ducks, i. 206; in-
heritance of peculiarities of) i. 450,

Yorz, on the history of, the dog,i. 17;
ancient history of the fowl, i. 258;
domestic ducks unknown to Aristotle,
i. 292; Indian cattle sent to Mace-
donia by Alexander, ii. 186 ; mention
of mules in the Bible, ii. 186;
history of the increase of breeds, il
23

231.

Vox BerG, on Verdascum phaniceun,
ii. 295,

Vooruziar, G., his knowledge of hya-
cinths, . 303, ii. 258,

VroLig, Prof, on polydactylism, i
457; influence of the uhare of the
mother's pelvis on hor child’s head,
il 340,

Wapg, drooping eyelids transmitted,
i. 402

WADERS, behaviour of, in conn _sment,
i, 140.

Waaxer, Monrirz, oriental dogs, ik
22

WAHLENRORG, on the propagation of
Alpine plants by buds, runners, bulbs,
&eo., il 154,

@AV ANLYERWANDISCHAFT ” of Gilrtner,
ii. 164,

WaLEs, white cattle ofy in the tenth
contury, i. 89, 2

WALKER, A, on intermarnage, i 4363
on the inheritance of polydactylism,
i. 458,

Warsegr, D., advantage ot change ?fl

soil to whest, ik 128,

Warker, R, reversion in cattle, ii. 8.

WarLLacE, A. R, on the multiple origin
of the dog, i. 27; on n striped
Javanese horse, L. 61; on the condi-
tions of life of fernl animals, ii. 63
artificial alteration of the plumage
of birds, il. 269; on polymorphic
butterflies, . 394; on reversion, ii.
411; on the limits of change, i, 4+12.

Warrace, Dr., on the sterility of
Sphingidee hatched in autumn, ii.
141.

WALLACHIAN sheep, sexual peculiarie
ties in the horns of, i. 99.

WaLLrrowes, bud-variation in, i, 407,

Warsicn, Dr., on Thuja pendwla or
Sfiliforms, i. 386.

Wanxurs, i. 879, 580; thin-shelled,
attacked by tomtits, i. 379 ii. 216 ;
grafting of, il. 247,

Wawsu, . D., on attacks of insects, i.
371; on galls, ii. 272, 275 ; his
“Law of equable variability,” ii.
344, 345,

Warrner, F. L, on the history of the
dog, i. 17; on the intercrossing of
the zebu and ordinary eattle, i, B7.

WaRING, Mr., on individual sterility,
if. 1486,

WATERER, Mr., spontancous produc-
tifn of Cytisus alpino-labwrnwm, i
416,

Wateraovse, G. R, on the winter-
colouring of Zopus variubilis, i. 115,
Warerroxs, C., production of tailless
foals, i, 56 ; on taming wild ducks,
i. 292; on the wildness of halfibred
wild ducks, ii. 20 ; assumption of male

characters by a hen, ii. 26,

Wassox, H. C., on British wild fruit-
trees, i. 329 ; on the non-variation of
weeds, i, 335 ; origin of the plum, i,
3466 ; variation in Pyrus malus, i,
370; on Viola amana and tricolor, i
3923 on reversion in Scotch kail, i,
35 ; fortility of Draba sylvestris when
cultivated, “ii. 1473 on genemally
distributed Dritish plants, ii. 275,

WarrLes, rudimentary, in some fowls,
it 306,

Warrs, Miss, on Sultan fowls, i. 240,

Wenn, JoNas, interbreeding of sheep,
i 08,
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Weaee, effect of the shape of the
mother’s pelvis on her child's head,
it. 836,

WeppeErpury, Mr., correlation of
teeth and hair, ii. 319,

WEEDS, supposed necessity for their
modification, coincidently with culti-
vated plants, i, 333,

WEEPING varieties of trees, i. 383,

WEEPING habit of trees, capricious in-
heritance of, i, 461, 4562,

WEeEVIL, injury done to stone-fruit by,
in North America, ii. 217.

W;:;Jcaxnmu, on parthenogenoesis, ii.

Wem, H., large litter of pigs, ii. 90,

WEIR, JEXNER, on the jnpanned pea-
cock, i. 806 ; mare and quagga, i
435 ; wildness of mule siskins, &5, 20.

WEeBMaNN, Prof, reversion from un-
matural conditions, ii. 253 isolation,
ii. 262; dimorphic butterflies, ii.
2715 causes of variability, ii, 282,

WELsH cattle, descended from Bas long
Jfroms, i. 85.

Wiest Indies, feral pigs of, i. 803 effect
of climate of, upan sheep, i. 102,
WesteRy, Lord, change effected by, in

: pigs, i. 82, 101; in the sheep, ii. 182,

Wsub'rmunu, striped young pigs in, i.

Westwoop, J. 0., on peloric flowers of
Calceofaria, ii. 338.

WeTHERELL, Mr., on inheritance of
mutilations, i. 4686,

WaATELY, Archbishop, on grafting
early and late thorns, i. 386,

WHEAT, specific unity or diversity of,
2. 829, 850, 534, 555 5 Hasora, i, 335
presence or absence of barbs in, i,
851 ; Godron on variations in, ibid. ;
varieties of, i. 331, 852 effects of
soil and climate on, i. 333 ; deteriora-
tion of, i. 334 ; crossing of varieties of,
ibid., ii. 74, 83, 110; in the Swiss
lnke-dwellings, i. 853-337 ; seloction
applied to, i, 836, il. 184 ; increased
fertility of hybrids of, with Egiops,
ii. 88; advantage of change of
soil to, i 128; differences of, in
various parts of India, ii. 1403 con-

tinuons varintion in, {i. 184; red,
hardiness of, ii. 215, 330; Fenton, |

il, 218 ; natural selection in, 5. ;
varieties of, found wild, ii. 248;
effects of change of elimate on, ii,
297 ; ancient variety of) ii. 425,

Winrny, Mrs, on the markings of
silkworms, i. 518; on the silk-moth,
i, 819. :

Wiurre, Mr., reproduction of supernu-
merary digits after amputation, i,
459 ; tima occupied in the blending
of crossed races, ii. 64,

Wiirrk, GILBERT, vegetable diet of dogs,
ii. 238,

Witk and white-spotted animals, lia-
bility of, to disease, ii. 830, 331,

WiiTe flowers, most truly reproduced
by seed, i, 463,

Wionura, MAx, on hybrid willows, ii.
25, 111, 255; analogy between the
pollen of old-cultivated plants and
of hybrids, ii. 256.

WickiNG, Mr,, inheritance of the pri-
mary characters of Columba fivés in
cross-bred pigeons, i. 210; production
of a white head in almond tumblers,
ii. 183,

WicksTED, Mr., on cases of individual
sterility, ii. 146.

WIEGMANYN, spontaneous crossing of
blue and white peas, I, $28; crossing
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duck, i. 201, .

Wirasor, Mr., on & crested white Turkey-

anck, i. 309 ; reversion of sheep in |
! XENOPHON, on the colours of hunting
Witsox, B. O, fertility of hybrids of |

colour, ii. 3.

humped and ordinary cattle in Tas-
mania, i. 87,
Wirsox, Dr., prepotency of the Manx
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Wounps, healing of, ii. 284,

Waignt, J., production of erippled
calves by shorthorned cattle, it 97
on selection in cattle, ii. 178 ; effect
of close inter-breeding on pigs, ii
101; deterioration of game-cocks by
close interbreeding, i 105.

Wricur, Srreriing, on the develop-
ment of the hydroida, i, 564.

Wryaax, Dr., on Niata cattle, and on a
similar malformation in the cedfish,
i. 933 on Virginian pigs, ii. 2125
browsing under water, if. 204,

dogs, ii. 194,
Xiuexes, Cardinal, regulations for the
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52; inheritance of diseases in the
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horns in young hornless eattle, ii. 30,
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Zinnia, cultivation of, ii. 249,
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1t Past Achlevements, Recent Development, and Future Progress.
With Illusrrations, Modinm Sva, 214

The Navy and the Nation, With Mapa. Evo.
CLARENCE (H.R.H. tax tate Duxg o). A Memoir written

with the sanction of TLR.IT, the Prince of Wales. By Jauxs Enwanp
Vixoxxr, With Portralits and 1lustrations. Crown §ve. 0w

CLASSIC PREACHERS OF THE ENGLISH CHURCH.
Lectures delivered at St. Jumes'. 2 Volu, PostSvo. T Gd. each.
CLEVELAND (Duomess or). The Battle Abbey Roll, With

some acconnt of the Norman Lineages, 8 Vols, Sm, 4to, 48,

CLODE (C.M.). Administration of Justice under Military and
Martial Law, as applicable to the Army, Navy, and Auxiliary Forces.
Svo, 1Zs

COLERIDGE (Samuvrr Tavior), and the English Romantic School
By Pror, Braxpor., With Portrait, Crown Svo. 124,

Table-Talk. Portrait. 12mo. 35 6d,

COLES (Joux) Summer Travelling in Teeland. With a Chapter
on Askja by E. D, Moroas. Map and [lustrations, 18s,

' COLONTAL LIBRARY. ([See Home and Colonial Library.,]
COOK (Canon F, C.), "The Revised Version of the Three Fiist

Gospels, considersd in 118 Bearings upon the Record of Our Lord's
Words nnd Iocidents in His Life. #vo. 831,
The Origing of Language and Religion. 8vo. 15s.

COOKE (W. H.). History and Antiquitics of the County of

Hereford, Vol. IIL TIn continustion of Duncumb's Histary. 4to,
X212 #d.

Additions to Duncumb's History., Vol. II. -4to, 15s.

The Hundred of Grimsworth. Part L, 17s 6d,, Pt I1,
46s. 4to,

COOKERY (Mooxrx Domysric). Adapted for Private Families.
By o Lady, Woodeuts. Feap. 8vo, &

CRIPPS (Wirrren). Old English Plate : Ecclesiaatical, Decorative,
and Domestic, its Makers and Marks,  Fifth BEditlon. Revised and
onlarged. Wirh 122 Mustrations and 2500 facsimile Plats Marks.
Mediumn Svo.  21s,

*o* Tablew of the Date Lotters and Marks sold separately, 6s

Old French Plate: Its Mskers and Marks. A New and
Revised Edition, With Tables of Makors' Marks, In addition to the
Plate Marks, 8vo. 10z 64,

CROKER (Rr. Hox. J. W.). Correspondence and Journals
Edited by the late Lovis J, Jex¥iNGs. Portrait, & Vels. Svo. 46

Boswell's Life of Johnson. [See Boswriw)
CROWE awxp CAVALCASELLE. Life and Times of Titian,
with &me acernnt of hin Family, [Mostrations, 2 Vels, Svo, 21
Raphael ; Hiz Life and Works, 2 Vola, 8vo. 83s

(Six Joserm A.) Reminiscences of Thiriy-Five Years
of my Life. With Plans, Svo, 16s
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CUMMING (R. Gonnox). Five Years of a Hunter's Life in the
Far Interior of South Africa. Woodeuts, Post 8vo, 64,

OUNNINGHAM (Pror.W.), D.D. The Use and Abuse of Money.
Crown Bvo. 3 (University Extension Series.)

CURTIUS' (Proressor) Student’s Greek Grammar, for the Upper
Forms., Edited by Sin Wat, Suir.  Post 8vo. 6s.

Elucidations of the above Grammar. 'Translated by
Evziyy Annor. Post Svo. s, 8d.

_— Smaller Greek Grammar for the Middie and Lower
Forms. Abridged from the Iarger work. 12mo. s, 64

Accidence of the Greek Language. Extracted from
the above work. 12mo. 21 64,

——— Principles of Greek Etymology. Translated by A. S,
Witxixa and E. B, ExotAxo, New Edition. 2 Vols. Svo, 28z

The Gresk Verb, its Structure snd Development.

Translated by A, 8. Wickiss, and BE. B, Excraxp, Svo, 1

CURZON (Hos. Roprnr). Visits to the Monasteries of the Levant.
Hlnateations, Post Svo, Ta. 6,

CUST (Gusgnar). Warrlors of the 17th Century— Civil Wars of

Fravce and England, 2 Vols. 10s, Commanders of Fleots and Armies
2 Vols, 18s.

~———— Annals of the Wars—I18th & 19th Century,
With Maps. 9 Vola. Post 8vo, bBs. vach.

CYCLIST’S ROAD-BOOK, from London throngh Chichester,
Portsmouth, Sonthampton to the New Forest, and bLack by Romsey,
Winchester, Dorking, Leatlerhead, and Epsom, Witha toad atlas
at the end of the book. Feap. Svo, 2.

DARWIN'S (Cranies) Life acd Letters, with an autobiogruphical
Chapter. Ealied by his Son, Fraxcrs Danwes, F.ILS, Portraits.
3 Vols, S8vo, 3és,

Or poputar Edition, condensed in 1 Vol,, crown Bvo. 73, 6d.

An INustrated Edition of the Voyage of a

Naturalist ound the World in H.M.8, Beagle. Medm Svo, 212

JourNAL oF A Natumaulst DUKING A VOYAGE ROUND THR
Wonep, Popuolar Edition. With Porreait, 35 &d.

Oxicin or Seecres vy Mrans oF Narvray Ssugorion, Library
Edition, 2vols, 12, ; or popular Edition. 8e

Desoent or Max, axp Seirorion 1N Reparion zo S3x,
Woodeuts. Library EQ. 2 vols. 15s.; or popular Bd. 7s. 64,

VARIATION OF AXIMALS AND PLANTS UNDER DOMESTIOATION.
Woedeuts, 2 Vols, 151, \

Expresstons or tue lsorrons 1w Max axp Anmass.  With
Iustrations. 12y, °

Vantovs CoNTRrvaxors »r wiios Orcmips Are FrRTInizen
By Ixgrors, Woudeuts, T7a, od. =

MoveuEsTs AN Hapirs op Urntupixe Praxes. Woodeuts, 6s.

Insgorivorous Praxrs. Woodeuts. 0s.

Cross AxD Srry-Frrrinizarios 1 Tux Vecerapis Kisepox. 0s,

DieyeresT Forus or Frowsrs oN PLANTS OF THE BAME
Sexcixs, T 6d,

Powsr o¥ Movexznt 1x Praxts. Woodcats.

Tae ForMarios ov VrerrasLs MouLD THROUGH THE Aorios o¥
Wouns  llustrations, PostBvo, 6s g

DARWIN (Masor Lkoxaep), Bimewllism; a Summary and
Examination of the Arguments For and Agninst. Detny 8vo,

DAVY (Sin Humpary), Consolations in 'Lravel; er, Last Days
of & Philosopher, Woodeuts, Feap.8vo, 8 6d.
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DAVY (8iz Humpury). Salmonia; or, Days of Fly Fishing,
Woocdleuts, rcap. Bvo, 3s, 6d.

DE COSSUN (Masor E. A.), The Cradle of the Blue Nile; o
Journey through Abyssinia and Soudan., 2 Vols, Post 8vo. 21s,

Days and Nights of Service with Sir Gerald Grabam's

Field Forca at Suakim. Plao and lustrations. CrownSvo, Mz

DE CRESPIGNY (Rosg). [Seec New Forpst.]

DENNIS (Grorex), The Citice and Cemeteries of Etruria.

20 Plan« and 200 Illustrations. 2 Vols. Medium Svo, 213,
(Rosear), Industrial Ireland. Suggestions for a Prac-
> tical Policy of ** Iroland for the Irish.” Crown Svo, 0a.

DERBY (Karr or), Iiad of Homer rendered into English
Blank Varse, With Porirait, 2 Vols. PostBvo, 10s.

DE ROS (Grongrana Lany), A Skeich of the Life of: With
same Reminiscences of her Fam'ly and Friends, iveluiing the Duke of
Weitls gron, by ber Danghter, the Hon. Mra. Swixtox. Witk Porteait
apnd Hlustrations, Crown Bvo, Ts o4,

DICEY (Pror. A. V.). Why England Maintains the Uniom
Feap. Svo, 1s |

A lLeap in the Dark. Crown 8vo. 3s. 6d.

— (Epwarp). A Peasant State. An Account of Bulgaria

ks fn 1894, Svo. 12s

DOLLINGER (Dr.). Studies in Europesn Higtory, being Acade-
mical Addresses. Teanslated by Manoarer Warne, Portrait, Svo, 14s,

Addregses on Hi-torical aud Literary Subjects, truns-

Inted by MAncaner Wagne. Svo. 14z

DRINKWATER (Jonw), History of the Siege of Gibraltar,
1779-1788, With a Deseription of that Garrison, Post 8vo, 2s.

DU CHAILLU (Pavr B.). Laud of the Midnight Sun; I[llus-
trations. 2 Vols. Bvo, 86z,

The Viking Age. The Early History, Manners,

and Costams of the Avcestors of the English-speaking Nations, With
1,800 [Mustrations, ¥ Vols, Svo,

Equatorinl Africa and Ashango Land, Adven-
ture~ in 'he Greas Forest of Equntorial Africn, sud the Cooniry of the
Dwarfs, Popnlar Edition, Witk Tllustra fons.  Post §vo.  7a, 64,
Ivar the Viking. A Nomantic History based on
authentie facts of 111, and IV, Centuries, Crown Svo.  6e,
DUFF (Rr. Hox. Six M. F. Graxr, G.CS1L). Notes from a
Dinry., 2 Vuls. CrownBva, 18
DUFFERIN (Lorp). Letters from High Latitudes; a Yacht Voy.
nge to Teeland. Woodents. Crown Svo, 7, 6d
Speeches in Iuaia, 1884—8. 8vo. 9s,
(Lapy), Our Viceregal Life in India, 1884—1888.
Portrait. Crown Bvo, 7Ts. 8d. Alsn 2 Vols,, large crown Svo, 21,
= : My Canadiau Journal, 1872—%8. Extricts from
ome Letters writren while Ld. Duffer] Gov.-Gen., Po i
and Hlnstrations. Crown Hvo. l'.‘t.l O L el MUy
—— (Lapy, Countess of Gifford). Son P
- ). Songs, Poems
and Verses, FEdited by her son, tho Mangu
Ava. Third Edition. Crown Svo, ‘x::x_ Sl i
——————— (Lapy, ! ountess of Gifford). The Bongs, set to
Musie by herself and (thers, Companion yolume to tho ahove. Words

and Music. Crown 8vo, 0,
pain; or, The Story of the War

—_—

DUNCAN (Cov), Euglish in 8
of Succession, 1884-1840. 8vo. 165,

DUNMORE (Lorp), The Pamirs: a Narrafive of a Year's
Expedition on Horsoback throngh Kashmir, Western Tibet

Cl
Tartary, &e.  With Maps and lustrations, 2 Vols. Crows § S

Vo, 245
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DORER (Acegav); his Iifo and Work, By Ds. Twausivo.
Edited by ¥, A, Eatoy, Illusteations. 2 Vols, Medium Sve, 42,

DYKES (Rev.J. B)) Life and letters. Edited by Rev, J.T.
Fowrxe, With Portralt, Crown 8vo. Ja Ud,

BARLE (Professor Jons). The Prulewr of 1539: A Landmark

of English Literature, Comprising the Test, in Dlack Letter Tygpe.
With Naes. Svo. 16z

BASTLAKE (Lany). The Journals and Correspondence. Edited
by C. ExstLage Swimi, 2 vola, Crown Svo. 21s
EILEEN'S JOURNEY. A Fary Tale for Children and Young
Readers, By Enspsy Axrnue Jrur, Mlustrations. Sro, 10x 6d
ELLIOT (Mus, Mixro). The Disey of an ldle Woman in Constan-
tinople. With Plan and Hinstrations, Crown Svo, 1ds
Romun Gorsip. New Cheaper Edition. Ciown 8vo. 6+,

ELLIS (Roprssox). Poems and Fragments of Catullus, 16mo. &3

ELPHINSTONE (How. M.). History of Indis—tue Hindoo and

Mabommudan Periods Edited by Prorxsson Cowrre, Map, Svo, 185,
Rise of the British Power in the East. A

Continuation of his History of Indla, Maps. Svo, 101

ELWIN (Rev, Wanwiox), The Minisier of Baptism, A History of
Church Op nioo from 1he time of the Apestles. Bve. 1%%

ELWOR'HY (F. T.). The Evil Eys. An Account of this
Ancient Superstition. W ith Tlustrations, Svo. 21s

ETON LATIN GRAMMAR, For ue in the Upper Forms
By F. H. Rawriss, M. A., and W. R, Ixox, MiA. Crown Svo. 6s

ELEMENTARY LATIN GRAMMAR, For use in

the Lower Forms, Compiled by A. C. Arsars, M.A., and H. G,
Wixtin, M. A, Crown $vo. 3s. fd.

PREPARATORY ETON GRAMMAR.  Abridged
from the above Work. By tlie same Rditors, Crowa Bvo. 21
— FIRST LATIN EXERCISE BOOK, adapted to the

Elementary and Proparatcry Grammard. By the same Editors,
Crown Svo,  2g, 84,

—____ POURTH FORM OVID. Selections from Ovid and
Tibullus, With Notes by H, ¢ Wistue  Fost Svo. 24 0d,
HORACE. The Odes, Epodes, and Carmen Seculare,
With Notes, By F, W, Coxyran, M.A, Maps. Crown §vo, B¢
KXERCISES IN ALGESRA, by E. P. Rovsz, ALA,, and
Anriton CocKsituay, M.A, Crown 8vo. 8%
ARITHMETIC. By Rev. T. Davron, M.A. Crowa 8vo, ds.
FERGUSSON (Jauxs). History of Architecture in all Countrice
from the Earliest Times, A New and thoroughly Revised Edition,
With 1,700 Ilinsteatbons. 6 Vols  Medinm Svo.
Vols. L & IL. Ancient aod Medigval, 2 Vols. 03¢
IIT, ludian & Eastern. 31 64, 1V, Modern, 2 Vols. 315 64
FITZMAURICE (Lorp ), [Ste Parry.]

FITZPATRICK (Wituiax J.). The Correspondence of Daniel
O'Conueil, the Liberutgr, With Portrait. 2 Vols. _Svo, 305
FLEMING (ProFesson. Stndent’s Muanual of Moral Philosophy.

With Quutations uud References. Post Svo. Ta, bid.
FLOWER GARDEN, By Rev. Tuos. Jaurs. Foap, 8vo. 1e.
FORD (Isamxita O.). Miss Biake of Monkshalton, A Novel.
Crown 8vo.  De
FORD (Rromann). Gatherings from Spain. Post 8vo. 3s. 8d.
FORSYTH (Winttan)., Hortensius; sn Historical Essay on the
Office and Duties of an Advoeats, Ilustrations. &vo, 7. 6d.
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FRANKLIN (Sir Jons), Admiral, K.C.H., &c. The Life, By
H, D, Taater, Maps and Portraits, 8Svo  16a¢

FREAM (W.), LL.D. Elemenis of Agricalture; a text-book pre-

imd under the authority of the Royal Agricaltural Society of Engiand.
Enlarged Edition.  With 258 1llustrations. Crown Sve, 8s, 64,

FRENCH (Brsuor T. Varey). Lifeand Correspondence. By the
Rev. Hepnzrr Birxs, M, A, With Maps, Portrait, &, 2 vols, Svo, 30,

FRERE (S1& Bamruz), Bart, G. C.B. Life aud Correspondence,
by Jorx MamviNeav. 2 Vols Svo. 824

FRERE (Maxy). Old Deccan Days, or Hindoo Fairy Legends

current in Southern India, with Introduction by Bir Bawrie Fasnx,
With [Hustrations. Post 8vo, ba.

GALTON (F.). Art of Travel; or, Hints on the Shifts and Con-
trivances available in Wild Countries, Woodeuts, Post Bvo, 74, 6d.

GARDNER (Pnov. Pmuov). New Chapters in Greek History,

Historical results of recont excavations in Greece and Asia Minor
With lostrations. &vo. 164,

GEDDES (Psow. P.). Outlines of Modern Botany. With Illus-

- tratlons, | Univ, Extension Series.) 8s. €d,

GEOGRAPHICAL SOCIETY'S JOURNAL (1846 to 1881.)
SUPPLEMENTARY PAPERS. Rayal 8vo.
Vol I, Part L Travels and Resenrches in Western China, By E,
. Covsonse Baner, Maps, Sz
Part ii.—1. Recent Geography of Central Asia; from Rossian
Sonrees. By E, Dxisas MORGAw 2. Progress of Dis-
covery on the Coasts of Now Guines. By C. B Mamguax.
Bibllogeaphieal Appendix, by ¥ C Rve. Maps,  fs,
Part iii.—1, Report on Part of the Ghilzi Country %e. By
Livat. J. 8, Broaproor, 2 Journey from Shiraz to Jasbk,
By J. R, Prrece, 2« fd.
Part v —Geograplieal Edocation. By J. 8. Kermie 2« 641,
Vol, IL, Part L. —1. Exploratim in 8, and & W China. By A. R,
. Corquuouy, 2. Biblloymphy and Carroeraphy of His.
santols, By I, Live Rory. 8. Explomations in Zanzibar
Jomintons by Liwnt, C. Stewarr Ssuri, KN, 25 6,
Part ii,— A Bibllgraphy of Algerin, from the Expedition of
Charles V, in 1841 to 1857, Ry =ik K, L. Prayram, 42
Part ith.—1, On the Measnrgment of Holghts by the Barometer,
By Jous BALL, 1. R.8.2, River ¥ ntrances. 8y I Rosewr Mist,
3. Mr. Nee ham’s Journey in South Eastorn Tibet. 24, 6d,
Part iv.~1. The Biblography of the Barbary States, Part |
By S1n R L. Prayram, 2. Hudson's Bay and Strait. By
Commndore A, H, Manxsa, RN, 34
Vo', T11,, Part i—Journey of Carey and Dalgleish In Chinese Turkestan
* " apd Northern Tibat; and General Prejevaliky on the Oro-
graphy of Northern Tiber, 4y,
Part (l.—Vaughan's Versia, &o, 48,
Part iti—Flaylics Biblisgraphy of Moroceo, be,
Part iv.~Milne" Jezo, &e
Part v.— Hogarth'a Asia Minor,
Yol, 1V.—Ramsay's Asia Minor, 18s,

QIRBOR'S History of the Decline and Fall of the Roman Empire.
Fdited with notes by Mituax, Goizor, and Sir Wa Swrri, Maps,
8 Vols, 8vo. #0s, Student's Edition. fTr 6d, [See Sronssm',)

GIBBON (Epwaro). The Unpublished Weorks of Edward Gibbon,
including Soven Autobiographics, Fournals, &e. With a Prefuce
by Lord Suseriecn, S Vols, Svo. 36 (Yol 1 sold separntely, 125.)
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GIFFARD (Enwarp). Deeds of Naval Daring; or, Anecdotes of
the British Navy. Feap.8vo. 2g 84

GILBERT (Josran), Landseape in Art: before the days of Claude
and Salvator, With 150 Illustrations. Medium Svo.  §0s.

GILL (Carr.), The River of Golden Sand. A Journey through
Chiloa to Burmab, Edited by E. O, Basen. Post 8vo, Vs 64

GLADSTONE (W. E.). Glewiugs of Past Years, 1843-78.
7 Vols, Small 3vo, 2+ 64, eac
Later Gleaninga: 'I‘ucologml and Ecclesiastical.
Small $vo. 35, 64,
—_— Special Aspects of the Irish Question ; A Series of
l'ellccumu i and sioce 1856, Crown Svo. S5, 6.
The Odes of Horace and Carmen Seculare, Crown
§vo. O Chesp Editim, 18mo. 3s 6d, Also large paper, 215, nel.
The Psalier, accoraing to the Prayer. Book
Verslon, with a Comcordunce. 1Smo. Morocco, 55 Roan, 84. 61,
Also New Popular Edition, 12 net.
GLENG (G. R), Campaigns of the British Army at Washington
and New Orleans, Postfvo. 2,
Story of the Battle of Waterloo, Post 8vo. 3s. 6d.
Narrative of Sale's Brigade in Affighanistan, Pogt Svo, 24
_— Life of Lord Clive, Post 8vo. 8s 6d. 3
Sir Thomas Munro. Post 8vo. 3s. 6el.

GOLDSMITH'S (Outves) Worke. Edited with Notes by Peres
Coxxivonan. Vignettes. € Vols, Svo. 20s,

GOODWIN (Bismor Hanvey). Life of. By Cawox H. D.
Rawyssuey. With Portraits, 8Svo, 16s

The Foundations of the Creed. 8vo. 14s.

GORE, Rev, Caarirs (Edited by). Lux Mundi, A Series of
sludwu in the Keligion of the Inearravion, By various Writers
l'opuhr Edition, Crown 8vo, 61,

—_— The Bampton lectures, 1891 ; The Incarna-
tion o{ khc San of God. Svo, 73, €d.

The Mission of the Church  Four Lectures

delivered In thoe Cathedral Churel of 8t Asaph. Crown Svo. 2u 64,

Dissertations on Subjscts convected with

the Incmrnation, Svo. 7z 6d.

The ¥¢rmon en the Mount. A Practical

Explanation. Crown Svo. Sa. 0d,

An' Exposition of ths Episitle to the

Ephesians.  Crown Svo. 5« 6d,

(F. 8r. J.) Lights and Shades of Indian Hill Life. With
numoerons Hiustratiovs, Maps, &c.  8vo, 3ls 0d.

GO3SE (Epxuan). The Jacobean Poets. Crowa 8vo, 8w 6d.
University ratension Sories),

GOULBUKN (Dxax). Threc Couneels of the Divine Master for
the conduet of Spiritual Life, Crown Bvo. 9s. (See also Buncox.)

GRANT (A. J.). Greece in the Age of Pericles, Crown &vo.
(University Extension Series.) Hg, Gd.

Herndotus. The Text of Canon Rawlmsann
Tranalation. With the Notes abriéged. 2 Vola. Crown §vo. 12

GREGORY (smz Wa). Au Autobiography. Edited by Lapy
Geegony, With Portrait, Svo. 10s

(J. W.). The Great Rift Valley. A Journey to

Bariogo and Mount Kenyn, With Maps and Hlusteations. Svo. 2ls.
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GROTE'S (Grorar) WORKS :—

History or Greece. From the Earliest Times to the
Denth of Alexander the Gieat., New Aditem. Portrait, Map, nnd
Plans. 10 Vols, PostBvo. bs, each. (The Volumes may be had Separately.)

PrLaTo. and other Companions of Socrates, 3 Vols. B8vo. 45s, ;
or, New Edition, Edited by ALEX, Barx, 4 Vols. Crown 8vo, by, each.

Mixor Wonrks. Portrait. 8vo. I14s

IMrs.), A Sketch. By Lany Eastuars. Crown 8vo, 6a.

GRUNDY (G. B.) 'The Topography of the Battle of Platma,

With Maps and Plans, 8vo. 7 6d. Sewed, Gu.
GUILLEMARD (F. 1), M.D. The Voyuge of the Marchesa to

Kamschatka and New Guinea, With Maps and 150 Ilustrations,
Mod, Bvo, 21a

HALL’S (. D, School Manual of English Grammar. With
Illnatrations and Practical Exercises. 12mo, 81, 6d.

—— Prnimary English Grammar for Elementary Schools.
With nomerous Exercises, and graduated Parsing Lessons. 16mo, 1s.

Manual of English Composition, With Copions [lHustra.

tions and Practical Exercises. 12mo, 3a, 6d,
—~ Child's First Latin Book, comprising a full Practice of
Nouns, Propouss, and Adjectives, with the Verbs, 16mo. 25
~~——— Introduction to the Study of the Greek Testament, com-
prising a counceted Narrative of our Lord's Life from the Synoptic
Goxpels in the originnl Greek with conclse g ammar, noted, &e. With
fucsimiles of (exts. Ciown Svo. 7 €d,
— Translaiion ut Sight, or Aids to Facility in the Transla.
tion of Latin, Crown Svo, 24

HALLAM'S (Mxsry) WORKS :—

Tae Coustirurionar Hisrory or Exauaxp., Library Edition,
3 Vols. Bvo. 80s. Cubinet Edition, 3 Vols. Post Svo, 1ds. Siwdent's
Edition, Post Svo, Ts. 64,

History or Eurore vunixe tar Mmoone Acrs.  Cabinet
Etition, 3 Vols. Post8vo, 128 Studenf's Edition, Post 8vo, Ts. 64,

Lirerany History or Burore purine tne 15TH, 16TH, AND

1774 CexTURIes, Library Sdition, 3 Volu. 8vo, 88s, Cubinet Bdition,
4 Vols, Post 8vo. 106s

HART'S ARMY LIST. (Published Quartrly and Annually.)

HAY (Sir Jons Drumxoxn). A Memoir. With Preface by Gexu.
Sin Fras. px Wisros, K.COM.G, Portralt and Hlustrations, Svo, 16s.

HAYWARD (A.). sketches of Eminent Statesmen and Writers,
2 Volu. S8vo. 28s.

e The Art of Dining. Post 8vo. 2s.

A Selection from his Corre:pondence. 2vols. Cr. 8vo,

245,

HEABANE THE WITN #8S. A Poem by an anonymous writer.
Royul §vo, 104, 6.

HEBER'S (Bisuop) Journale in India. 2 Vols. Post 8vo. 7.

- Poetical Works. Portrait. Feup. 8vo. 8s. 6d.
Life of. [See Smrmm, Dr, Geonee.]

HERODOTUS. A New English Version. BEdited, with Notes
and Essays by Caxox Rawrisson, 8 il Rawrisgos and Sin J. G
Wingixaon. Maps and Weodents 4 Vols, Svo. 48, Alwo New
Popular Editlon. 2 vols. Crown 8vo, 12+ .

e The Text of Canon Hawlinson’s Translation,
Abridged for the Use of Studests. By A. J. Guaxt, M.A. With
Map and Pland. 2 vols, Crown 8vo, 124

Tha Story of the Persisn Wars, as told by Hero-

dotus. By Rev. 0. U, Taxcook. So'ected and Arvranged so as to

form a Reading Dook for Schiools, Maps and Plans. Cr. Svo. 24 Gl
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FOREIGN HAND-BOOKS.

HAND:-BOOK—TRAVEL-TALK. English. French, German, and
Ttalinn. New and Revised Edition. 18mo. 35 0d.

~——————— HOLLAND AND BELGIUM, Mapand Plans. 6s.

. ——— NORTH GERMANY and THE RHINE, —
The Black Forest, tha Hartz, Thiiringerwald, Ssxon Switzerland,
Rilgen, the Giant Mountaing, Taunus, Odenwald, Elsass, and Loth-
ringon. Map and Plans, Post 8vo, 10y

SOUTH GERMANY AND AUSTRIA,—Waurtem-

borg, Bavaria, Austris, Tyrol, Styria, Salzburg, the Dolomites, Huogary,

snd the Dannhe. from Ulm *a tha Biask Sen.  Maps and Plans, Post

Bvo. Two Parts, Part 1, 7s Gd. Part I1, s,

SWITZERLAND. Alps of S8avoy, and Piedmont,

Edited by W, A_ B, Cooranar, M.A, [n Two Parts, New Maps and

Plans. Post §vo. Gs, sach part,

FRANCE, Part I. Normandy, Brittany, French

Alps, the Loire, Seine, Garoune, Pyrenees, &c, Maps and Plans. 7, 6d.
FRANCE, Part II. Central France, Auvergne, the

Cevennes, Burgundy, the Rhoos and Saone, Provence, Nimes, Arles,

Marsoilles, the Freneh Alps, Alsaco, Lorraine, Champagne, &e.  Maps

and Plans. Post Bvn,  7s. 84,

THR RIVIERA. From Marseilles to Pisa, and the

Routes thither. A new Editicn, thoroughly revised, and in a great

measure re-written on the spot.  With numerous Maps engraved ex-

pressly on u large scale. Gs.

MEDITERRANEAN — ita  Principal  Islands,
Clties, Seaporis, Harboars, and Border Lands. For Travellers and
Yachtsmen, with nearly 50 Maps and Plans. Two Parts. PostSvo. 21y,

——— ALGERIA AND TUNIS. Algiers, Constantine,
Orxn, Tlemern, Bougie, Tebesea, Biskra, the Atlas Range Edited by
Sir R, Laynzer PLAvPare, Maps and Plans. Post Svo, 102 6d,

SPALN, Madrid, The Castiles, The Basque Provinees,
Leon, The Asturias, Galicia, Estremadura, Andalosis, Rondn, Granada,
Murcis, Valencia, Catalonia, Aragon, Navarre, The Balesric Islands,
&c. &c. Maps and Plang, Two Parts. Post 8vo, 20s,

— PORTUGAL, Liseow, Oporto, Cintra, Mafra,

Madedrs. the Azores, Canary Islands, &o.  Map and Plan. 12¢
———— NORTH I[TALY, Torin, Milan, Cremona, the
[talian Lakes, Bergamn, Brescls, Verona. Mantus, Vieenza, Padus,
Ferrara, Hologra, Ravenna, Rimini, Pincenza, Genon, the Riviera,
Venico, Parma, Modena, and Romazna. Mapsand Plans. Post 8vo, 104,
— CENTRAL ITALY, Florence, Luceca, Tuscany, Tha
Marshes Umbrin, &c. Maps and Plans, Past8ve. 64
(3 ROMF 4¥p 1re Ewviroxs Mups and Plans. New
and thoronghly Rerised Edition. With Costributions from Sir H,
Loyard, A. 8. Murrsy, DD, Prof, LEancianl, ke, 10s
e T 485 - SOUTH ITALY, including Naples and i*s Environs,
Pompeii, Hoceu'anoum, Vesuviug Brindisl, &= Maps. Post §va, 61
~———— SICILY, Palermo, Messing, Syracuse, &e. Maps,
Pest Svo, €

————— NORWAY, Christiania, Bergen, Trondhjem. The
Fiolds wed Flords, An entirely new Edition, Edited by Taos,
Micaery, C.B.  Maps and Plans 7a, Gd.

SWEDEN, Stockholm, Upsala, Gothenburg, the

sShores of the Baltic, &e, Mapy and Plan, Post Svo, 6,

—_—
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HAND-BOOK—SCOTL

Dumfries, Az;r. Stirling, Arran,
Lot

Lomiond,

AND, Edinburgh, Melrose, Kelso,Glasgow,
The Clyde, Oban, Inverary, Leeh
Katrine and Trossachs, Caledonian Oanal, Inverness,

Perth, Dundee, Aberdeen, Braemar, Skye, Caithpess, Ross, Buther-

Jand, &e.  Maps and Plans.

way, Donegal. Gulway, Wexh

ney, Bantry, Glengariff, &eo.

{ Post Svo. 0k A
IRELAND, Dublin, Belfast, the Giant's Cause-

rd, Cork, Limerick, Warerford, Killar-
Maps and Plans, Crown 8vo. 9s.

HEBER (Bisuor). [See Surrs, D GEORGE. |

HICKSON (Dz. Syoxe

Narrative of Travels in Min

&e.  Map avd Hilnstrations.
HISLOP (STePHEN).

HODGSON (Brrax).

K.C.8.1. With Prrtraits.  Bvo.
A Wandering «+ Scholar.
Edition.  Crown Svo. T7a. 64

Philip and Alexander o

HOGARPH (Davio G.).

v J.). A Nuturalist in North Celehes; &
abassa, the Sangir and Talaot 1slands,

[See Suirs, Gronow |

The Lie by Stk Wrtprax W. HuxTeR,
14a.

Second

f Macedon, Two Essays in

Biography. With Map and Jllustrations,  Sve, }J.n.
HONEY BEE. By Rev. Troxas Jaues. Feap. 8v. 1a.

HOOK (Dgas).

Church Dictionary.

A Manual of Reference for

Clorgymen and Studsnts, New Edition, thovaughly revised, Edited by
Warren Hook, M.A., and W, R. W, Sterness, M.A,  Med, Svo, 125,

(Trrovonk) Life. By J.G. Lookmars. Feap. 8vo, s

HORACE: a New Edition of the Text. Edited by Dean Miuman,
With 100 Waordents, Crown8vo. Ta. 6d.

[See Erox.]

HOUGHTON'S (Lorp) Monographs, Portraits, 10s. 6d.

Editlon, fcap, 8vo. ba.

HOME

adapted for all circles and cl
for thelr acknowledged interast
Published at 22, and Ba. 6d. eac

hoads s follows 21—

(Ropent lorp) Stray Verses, 1889-00. Second

AND COLONIAL LIBRARY. A Beries of Works
asses of Readers, having been selected
and ability of the Authors. Post # 0.
, and arranged uoder two distine lve

CLASS A,

HISTORY, BIOGRAPHY,

SIEGE OF GIBRALTAR. By
JoE¥ DRINKWATKE. 25,
THE AMBER-WITCH, By
Lapy Durr Gonpos,  %s,
LIFEor 818 FRANCIS DRAKE.
By Jouy Bampow, 25
CAMPAIGNS AT WASHING-
TON. By Rev. G. R.GrLrio, 24
THE FRENCH IN ALGIERS.
By Laoy Dury Gonoow. 2
THE FALLOF THE JESUITS.

.
LIVONTAN TALES %
LIFE OF CUNDE, By Loup Ma-

nox, 3, 64

SALE'S BRIGADE, By Rxv,
G. R. Groia. 2e

THE SIEGES OF VIENNA.
By Lonp Erinswanr, 22,

y

AND HISTORIC TALES.

THE WAYSIDE CROSS. By
Carr, MiLway. 25

SKETCHES o7 GERMAN LIFE.
By Sir A, Gonooy,
THE BATTLE o¥ WATERLOO.
By Rev, G. R. Gueo, 3264,
AUTOBIOGRAPHY OF STEF.
FENS. 2.

THE BRITISH POETS. By
TuoNAS Canpnriy.  8s 6d,

HISTORICAL ES5AYS, By
Loup Manos. Js 6d

LIFE OF LORD CLIVE, By
Rxv. G. R. Guzie. 8a. 8d.

NORTH WESTERN RAIl.
WAY Hy3m F.B, Hean, 2,

LIFE OF MUNRO, By Rzv, G.
R. Gueio, 8a 64
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HUTCHIN

CLASS B.
VOYAGES, TRAVELS, AND ADVENTURES.

JOURNALS IN INDIA. By
Bisnor Henen. 2 Vols. 7,

TRAVELS v tar HOLY LAND.
By Insy and MANaLES. 23,

MOROCCO AND THE MOORS,
By J. DRuywoxp HAY, 25

LETTERS FROM toe BALTIC.
By A Lapy, 2

NEW SOUTH WALES, By Msa.
MERRDITH. 22

THE WEST INDIES, By M.G.
Lewis, s

SKETCHES OF PERSIA, By
S Joux Marcory. 8s. 6d.

MEMOIRS OF FATHER RIPA.

24.

MISSIONARY LIFE IN CAN-
ADA. By Rxv.d. Amnotr. 24
LETTERS FROM MADRAS. Ry
A Lapy, 2a

HOUTUM-SCHI

HIGHLAND BPORTS. By
Cuarnes 37, Jouy. 3y, 6d.
PAMPAS JOURNEYS, By
F. B, Heap. 2a
GATHERINGS FROM SPAIN.
By Ricaarp Fonp, 3¢ 6d
THE RIVER AMAZON. By
W. H. EpwaARvs. 25,
MANNERS & CUSTOMZ OF
INDIA. By Rev, O, ACLAXD. 25,
ADVENTURES IN MEXICO.
By G. F. Ruxtoy. 3s. 6d.
PORTUGAL AND GALICIA.
By LoD CABNARTON. 3¢, 6.
BUSH LIFE IN AUSTRALIA.
By Rev. H. W. HAYGARTH. 2
THE LIBYAN DESERT, By
Barve 81, JoaN, 24

¢,* FEach work may bo had separately.
NDLER (Ges. A.) Eastern Persian Irak.

ith Map. Sewed, 8s. 6d.; bound, &s. .
HUME (The Student’s). [See Srupesr’s MawvaLs.

§vo, 7. Od.

HUTTON (H. E.).

SON (Gsx.). Dog Breaking,

thase who love the Dog and the Gun,
*,* A Summary of the Rules for Gamekeepors. 1#,

(Homack). [See N¥w Forpst. |
Prineipia Greeen; an Introduction to the Study

with Odds and Ends for
With 40 Illustrations, Crown

of Greek. Sizth Hdition. 12mo. S 6d.

HYMNOLOGY, DIOTIORARY OF.
UFFERIE.]
Dutyxuxq-Eunlnsmua—HAxn-noox
Moxien WILLIAMA.]
Wild Tribes of the Sondan : with an aecount
V' alfa to Dongola and Besber, Wik
. BAKESR. linstrations, Cr. Sve. 7a. 6d.
¢ Barly [Italian Painters—
taly—Cimabue to Bassano. With

ICELAND. [See Conzs—D
INDIA. [See Broaproor—

— Ly AL —Ssri—TENFLE=
JAMES (F. L). The

of the romte from
Chapter on the goadan, by Sik
JAMESON (Mgs.).

50 Portraits. Post §vo. 12n

JANNARIS (Psor. A.N.). AP
Greek and English Languages.

See Brup—HASDBOOK

v . Corr onde
JEKYLL Cossrt). s —1505.

JAPANR.

4
Gertrude Sloane Stanloy,
Bounks, 8vo. 16s.

J Eusest ARTHUR). [See
‘JELF( Law and Politics

and Green Lanos: or Walks in
tion. With [lustrations. Cr.

JENKS (E.).
Demy 5v0. 1%.

8 (L. J.)
JENE lsﬁgvy (tlld Sussex. Popal

JESSE (EpwABD). Gleaning®
JOHNSON'S (

; NAL of an En
JOUR‘By Raovy Hesol

Livea of th
and the Progress of Painting in I
ocket Dictionary of the Modern
Feap. 8vo, 102 6L

Field Paths
ar Edi
in Natural History.

[Bee BosWRLL. ]

Ds. SAMUEL) Life.
Paris, from Junuary 0 July 17:4.

glish Spy in
%. Feap. 5V

(See Juniax.]

nee with his Qister-in-Law, Lady

Fdited by the Hon. ALGERXON

Erusex’s Jounxer.]

in the Middle Ages.

8vo, Os,

Fop.8vo. 8s. 6.

be. g



18 LIST OF WORKS

JOWETT (B.). The Epistles of St. Paul to the Thesgalonians,
Galntians and Homans, Edited aud condrnse! by Lowis Camptell,
M.A,LLD, 2wila Crown8voe, Ts 89, net, each vol

Coliege Sermong,  With zome ghort cddresses to Com-
municants. Crown 8vo, Tr 6d.

Lite by Everys 2nworr, LL.D. and Reyv, Lewias
Caurnerr, LL.D. Portraits aud Hluatrations. 2 Vols, Svo. dua

JULIAN (Rev.Joux J.),D.D. A Dictionary of Hymnology. Setting
forth the Origiu and Histiry of the Hymns In the Principal Hymwnals,
with Notiews of thelr Authors, &e., &e, Medinm Svo, 422,

KEENE (H. G.). The Literatare of France, 220 pp. Crown
8vo. 85 (University Extension Mavuasls.)

KERR (RBonr.). The Consulting Architect: Practical Notes on
Admipiutrative Diffienltios, Crown 8vo, s,

EIRKES' Handhook of Physiology. New and thoroughly
revisod Editicn. By Professor W, D, Hatnsunrox, With over 600
Ilpstrations, Largoe Crown Svo.  14s,

KNIGHT (Pror.). The Plnlosophy of the Beautiful, Two Parts,
Crown Sve, 34 B4 each, (University Extension Scries,)

————— The Christian Kthic. Crown 8vo, 3s. 6d.

KREHBIEG (H, E)). How to Listen to Music. Illustrations,
Crown Svo. 6s.

KUGLER'S HANDBOOK OF PAINTING,—The Italian Schools.
A New Edition, revised, Dy Sir Hessy Lavanp, With 200 1Hustra-
tions. 2 vals, Crown 8vo, 30s. .

- ~—— The German, Flemish, and
Dutch Schonls, New Edition rovised, By SirJ. A, Cxowx, With
B0 Hlustyations, 2 Vols, Crown Svo. 24s.

LANDOR (A, H. SA\'AG}:). Alone with the Hairy Ainu, or 8,800
Miles on & Pack sadd'e In Yezo, nud a Criixe to 1he Kuyile Islsnds,
With Map, ana many Hinstrativus by the Au hor. Medium Svo, 18s

LANE (E. W.). Account ol the Mauners and Cugtoms of Modern
Egyptians, With Hisstrations, 2 Vols. Post Sve, 191,

Cairo Fifty Years Ago. Kdited by Srasiey
Laxe-Poorn Crown Svo. Gs.

LAUD (Axenpismor). Life and Times of. By Rev. C. H.
Siurrissos.  With Portrais.  Crown Svo, 104, Od,

LAWLESS (Hox. Emvy), Major Lawrence, F.L.S.: a Novel.
8 Vols, Crown 8vo. 8ls 64 Cheap Edition, 6e.

Plain Fraunces Mowbray, ¢te, Crown 8vo, 6s.

LAYARD (Sir A. H.). Nineveh snd its Rewmus, With Ilustra-
tions. Post Svo, Ts. 64,

Nineveh and Babylon, Illusts, Post 8vo, Ta. 6d.

Enrly Adventures in Persia, Babylonia, and Susiana.
Portrait, DIlustrations and Maps. 2 Voly, Crown Svo, 245, New
Popular Edition, Crown Svo, 7a 6d.

LEATHES (Stawnuey). Pracucal Hebrew Grammar, With the
Hebrew Text of Genesis i—vl, and Psalms | -vi, Grammatical.
Analysin and Vocabulary, PostS8vo, 74, 6d,

LESLIE(C. ®.). Handbook for Young Painters. Post8vo, 7s.6d.

LEWIS (T, Hayren), The Holy Places of Jerusalem. Illustrations,
8vo, 10s, 6d,

LEX SALICA; the Ten Texts with the Glosses and the Lex
Emendata.  Synoptieally edited by J. H. Hesnuas, 4to, 420
LIDDELL (Deax), Student's History of Rome, from the earliest

Times to the establivhment of the Ewplre. Woodents. Post Svo. Ta. 6d.
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LILLY (W. S.). Th2 Great Enigma. 8vo. 14s

————— Fonr Humourists of the Ninsteenth Cenfury,

Dickens, Thackeray, George Eliot, Carlisle. 8vo, 104 6.

LIND (Jexxy), TI'nz Asvisy, 1820—1851. Her early Art-life and
Dramatic Caveer.  From Original Documonts, Lotters, Diavies, &e.,
in the possession of MB. Gorvsciaor. By Canon H. Soors HoLtaxn,
MA, and W. 8. Rooxstao, Popular Editien, = With Portraits
and Iusteations. Crown Svo. S

LINDSAY (Lorp). Sketches of the History of Christian Art,
2 Vols, Crown 8Bvo, 2is

LISPINGS from LOW LATITUDES; or, the Journal of the Hon,
impulsiaGushington. Edited by Losb Durreris. With 24 Piates.4to 21s,

LIVINGSTONY (Dr), First Expedition to Africa, 1840-56.
Miustrations, Crown Bvo. 7s. 6d.

———Second Kxpedition to Africa, 1858-64, Illustra-
. tions. Crown 8vo, 7s. 8d,
- Last Journals in Central Afriea, to his Death.

By Rev. Homace WaALLE®. Maps and Tlusteations. 2 Vols, &vo. 1bs,

Personal Life. By Wm, G. Blaikie, D,D. With

‘Mup and Portrait, Orown Svo. 6s,
LOCKHART (J. G.). Aucient Spanish Ballads. Historieal and
Romautle. Transiated, with Notes, Illustrations, Crown Svo. &
_ Life of Theodore Hook. Feap, 8vo, 1ls,

LONDON : Past and Present; its History, Associations, and
Traditions. By Hexgy B, Wizaruey, F.S,A. Based on Qunningham’s
Handbook. Library Edition, on Lald Paper 3 Vols, Medlum Sy, 3!.3s,

LOUDON (Mas,). Gardening for Ladies, With Directions and
Calendar of Operations for Evary Month, Woodcuts. Feap. 8vo. 8. 6d.

LUBBOCK (Miss) Some Poor Relief Questions. With a Preface
by the Right Hon, Sir J, Lunsock, Bart., M. P, Crown Svo, T2 0d,

LUFFMANN (C.B.). A Vagabond in Spain. An Aceount of
a Jonrnoy on Foot, Crown Svo, 6s,

LUMHOLTZ (Ur. C.). Among Cuunibals; An Account of Four
Years' Travels in Australia, and of Camp Life among the Aborigines
of Queensland.  With Maps and 120 Ilinstrations, Medium 8vo, 24,

LYALL (Stx Avrrep C.), K.C.B. Asiatic Studies; Religious and

Social, Svo, 12y,
The Rite of the British Dominfon in

India. From.the Early Days of the East India Compaoy. {University
) Wi o T 45.6d. Also

Extonsion Scr.es,) With giloured Maps. Crown 8vo,
Library Edidon with considernble ndditions, Svo. 125 net

LYBLL (81x UBarcks). Swdents Btements of Geology. A new
Edition, entirely revised by Prorzsson J. W, Juop, C.B., F.R.8. With
600 1llustrations.  Post Bvo, 8s.

LYSONS (Sin Daxmst). The Crimean War from first to last.
With Musteations and Plans, Crown Svo. 125, .

Larly Remiviscencss. lilustrations, Crowa 8vo. fa

Mo LINTOUK (S1m L), Narrative of the Discovery of the
Fate of 3ir John Franklin and bis Companions in the Arctic Seas.
With Ilustrations. Crown Svo. 7+ 8d.

McKENDRICK (Prov.) and Dg. Sxoparass. The Physiology of the
Sepses. W 1la-teations, (Univ. Extension Series ) Ceown 5vo. 4s.6d.

MACGREGOR (J.). Rob Roy on the Jordan, Nile, Ked isen, Geu-
nesareth, &eo, A Canoe Oriise in Palestioe und Egypt and the Wators
of Damascus, With 70 Iliustrations, Crown By 78

(Szn Wa) British New Guinea: Country and

People. Map and Hiustentions, 42 ce
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MACKAIL (J. W.). Latin Literature (University Extension
Sories). Crown Svo, 38 6d, !
MACKAY (Tuomss). The English Poor. A Sketeh of their
Social and BEernomic Histary, Crown 8vo, 7z, 6d. ")
A Plea for Liberty ¢ an Argument against Sveialism and
Sociallstic Leglslation. Essays by varions Writers, Po'at 8vo. 2n.
A Policy of Free Exchange. Issaya by various Writers
on the Ecoromical and Soeinl Aspects of Fiee Exelange,  Svo, 125
Mecthods of Social Keform, or the true and false
methods of dealing with the SBocial Condition of the Poor, Cr. 8vo, 74 64,
MACNAGHTEN (Cuxsres). Common Thoughts on Serious
Subjects. Addresses to the Tlder Students of Ra] Rumar College, Katty-
war Edited by Ropeny WurreLaw. Crown Svo, Qs
MACPHERSON (Wwu. Cinarrens). The Baronage and the Senate,
or the House of Lords in the Past, the Pretont, and the Future. 8vo. 15+,

MADISON (Dororay Parse). By Mavp Wirokr Goopwiy.
With Portrait, Crown §vo. Bs.

MAHON (Loun). [See Szawnors.] .
MAINE (Six H. Suswer), A brief Memoir of his Life. By the *
Right Hon. 8ir M. E. Guaxt Doye, G.U.8.1.  With some of his Indian

Speechies and Minntes,  Selected ard Edited by Warriey STOK IR,
D.C,L. With Portralt, 8vo, 143,

Anclent Law: iw Uonnection with the Early History
of Scelaty, and its Relation to Modern Ideas, Bvo, Os. "
Village Communities in the Bast and West. 8vo, s,
Early History of Institutions, 8yo. 0,
Dissertations on Early Law and Custom,
———— Popular Government. 8vo, 7a. 6d.
International Law, 8vo. 7s 6d,
MALAN (Ruv, Satoxox Caxaaw, D.D.).  Life, by 1is son Rav. A,
H. Marax.  With Portrait and INustrations, Doy Evo, 13y,
MALLET (C. E.). The Fieuch Revolution. Crown 8vo, s, 6d.
{Uriv, Extension Series.) )
MARKHAM (Muna,). History of England. From the First Invs:
slon by the Romans, continued down to 180, Woodents, 12mo, 8s, 6,
History of France. From the Conquest of Gaul by
Jalins Cosar, continued down to 1878, Woodents. 12mo. 8s. 64,
History of Germany, From its Invasion by Marins
to the completion of Cologne Cathrdral, Woodouts. 12mo. 3s.Rd,
MARLBOROUGH COLLEGE. A History of, during Fifty
Years. Ty A. G. Buaniey, A, C.

Crasxpseys, and J. W. Baisxs.
With nunerous illustrations,  C:own Svo, 7Te. €, net,

MARSH (G. P.). SBtudent’'s Manuval of the English Language
Edited with Additlons. By Dn. Wy, Swrrn. Post §va, 75, Bd,
MARTIN (Sin Trrovone). Life of Lord Lyndhurst,
® Portraits, Svo. 16s ]
MARTINEAU (Joux)., [Sec Frene, Taixsvasr Trovsye.]
MAUREL'S Character, Actions, &ec., of Wellington, 14, 6d,
MELVILLE (Hermass). Typee: or the Marquesss Tslunders.
With Memolr, Maps and Ilustrations. Crown Svo, 8z 8d,
Omoo: Adventuresin the South Seas. With Memoir,
Maps and Mlustratbons,  Crown Sve, 25, 64,
MEMOIRS OF A HIGHLAND LADY, 1707-1885. RBdited by
LAvy 8macuey, Demy gvo,

MENZIES (Auuax). History of Religion, (University Extension
Serles.) Crown 8vo, &5

Bvo. Qs

With
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MILL (Da. H. R). The Realm of Nature: An Outline of Physio-
gruopliy.  With 19 Coloured Maps and 65 Ilustrations amd Diagrams
(330 pp.). Crown Svo. Oa (University Extension Manuals,)
MILLER (Wsx.). A Dictionary of English Names of Plants
apphied among English speaking People to Planty, Treed, and Shrubs.
Latin-English and Euglish-Latin. Medium 8vo, 123,
MILMAN'S (Deax) WORKS:—
Hisronry or THE JEws, from the carliest Period down to Modern
Times. 3 Vols, Post8vo. 125
Barry Crnisvranery, from the Birth of Christ to the Aboli- -
tion of Paganism in the Roman Empire. 8 Vols, Post8vo. . 122,
Lariy Cmarstiantzy, including that of the Popes to the
Pontificate of Nicholas V, 9 Vols, Post Svo, 36z
Haxnsook o St. Pavi's Carazpran, Woodeunta, 10z 6d.
Quiztr Horarir Fracor Orsra.  Woodents. Sm. 8vo. 7s. 6d.
Panp or Juervsarey, Feap. 8vo, 1l
(Bismop, D.D.) Life.  With a Selection from his
Corrospondeice aud Journals, By his Sister. Map. Svo. 13s
MILNE (Davip, MLA.). A Readable Dictionary of the English
Language. Btymologically arrauged, Crown 8vo. Ta ad.
MINTO (W) Logic, [nductive and Deductive. With Diagrams,
v Orowa Bvo. 45 6. (University Extension Sorles.)

MISS BLAKE OF MONKSHALTON. By Isaeeuna Forp, A

New Novel, Crown §vo. 5e, .
MIVART (Sr. Geonex). The Cat. An Introduction to the Study
of Backboned Animals, especially Mammals, 200 ok, Med. Svo. 30s,
BRLY (Proresson R. C.). Ministerial Priesthood. . Six
A Cb.:pler(a Preliminary to the Study of tho Ordinal, Demy Svo. 148
MOORE (L'uosas). Life und Lettera of Lord Byron. [See BYrow.)

MORELLI (Grovaxxi). Italian Painter®. Critical Studies of their
Works. Translated fram the German by Coxaraxcs JOCELYN FrouLxas,
with an IMtroductory Natice by Sie Huxny Lavawo, G.U.B. With

o us ratinns.  BVa. g
nuuxt'r‘t‘);m ll.-l-'l‘hu Rarghesa & Dorin Pamphill Galleries, 151

vol. Il —The Gallerivs of Munich and Dresden, 155

swop. H. N.). Notes by a Naturalist during

llOSEb}:i Yo ~(l m?‘; HOMLS, "«).'hnllenm-“ ronnd tha World in the years

%Ss‘z-v?l‘}.ns‘:{ .-‘-‘nx: wnd Choaper Edit., with a Memoir of the Author,
I;o'r(rnit, Map, and numerous Woodeuts, Crown 8vo, 83,

MOTLEY (Joux Lorusor), The Correspondence of,  With

it, 4 Vvols. Svo. 805 .

2okt =3 History of the United Netherlands: from the

_[‘mqh..{“’lllh-u e <lunt to the Twelve Years' Truce, 1808, Portraits,

v, B ch.
SNo 'P“_'ih Lite n‘nd Death of John of Barneveld,

A Iustrations. o Vola, Poat Svo, 124,

=E H.). The Blements of Ethics, Crowa 8vo. 33,
MUIRH E:\,.l.)mg)?g:tcnsl)on Series.)
(O HOBSON. The Physiology of

F.) axp J. A.
MMERY (A. - tain Fallacies in existing Theories
MU [ndustey : Being an Ex ?:2!":!:::0! -

DEEOR o:,::;ono:y‘l’ublizber and his Friends : Memoir and

J
UR.RAY ( g A John Murmy, with an Aceount of the
MU Corvespondance oA e, Honse, 17651643, By Savvew Suiiss,

Origip und Prog 3 Vols, Bvo. B26
LD, “‘mh’nn:{mlvliamry of Greek Sculpture from the

;mt'i‘un;!. (vfth 180 Iiustrations. & Vola. Medium Syo. 88s,
Ear X
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MURRAY (A.8.). Handbook of Greek Archwology. Sculpture,

Vases, Bronzes, Gems, Torrs-cottas, Architecturs, Mural Paintings,
&e. Many Hlostrations. Crown Svo, 15s.

MURRAY'S MAGAZINE. Vols, I to X. 7s 8d. each.

MURRAY'S Cyeliat’s Road Book. [See Cronst.]

NADAILLAC (Marquis pE). Prehistoric, America, Translated
by N. D'Axvers. With Ulustrations. 8vo. 165,

NAPIER (Geserar Siz Cmamizs). His Life. By the Hon.
Wy, Napign Broce. With Portrait and Maps. Crown £vo. 122,

(Gexeral Sir Gmomge T.). Passages in hiz Early

Military Life writ'en by bimself, Edited Ly his Son, GENERAL Wx
C. E. NApikR. Wih Portrait, Crown Evo. Ve, 6d.

— (S1& Wa.). Rnglish Battles und Sieges of the Peninsular
War, Portrait, PostSvo. Oa.
NASMYTH (Jaxrs). An Autobiography. Fdited by Samuel
Smiles, with Portrait, and 70 Illustrations. Post 8vo, Js 6d ; or
Large Paper, 165, 3
'he Moon: Congidered as a Planet, a World, and a
Satellite, With 28 Plates and rumerons Woodents, Medium 8vo. s,
NaVY AND THE NATION, By Jawzs R Tnurseizup, M.A.,

and Liout.Col, 1z GrorGr SYDENHAM CrAzke, H.E. Maps, Svo.

14s.
NEWMAN (Mune). Begunin Jest. 3 vele. 3ls 6d. 3
NEW FOREX(! (THE), By Rosr O Dr Cursriosy and Horaoe

G, Hiacmssoy,  With Mlustrations, Crown 8vo, e, Gd.

NEW THESTAMENT. With Short Explanatory Commentary.
By ARcHoEACON Cnokyos, M.A,. aod the Hismor oy BT, Daviv's,

(th 110 suthentic Views, &c. 2 Vols. Crown 8vo. %13 bound.

NEWTH (Samopr). First Book of Naturel Philusophy ; an Intro-
duetion to the Study of Statics, Dynamies, Hydrostaties, Light, Heat,
and Sound, with numerous Exumples. Crown 8Bvo, Bs. 6d,

—_ ——— Blements of Mechanics, including Hydrostatics,
with numerous Examples. Crown 8vo, 8, €d,

Mathematical Examplex. Crown 8vo. 84 64,

NICHOLSON. Lif« of John: Soldier and Statesman, By Carr.
L J, Teorree. With Portraita. 8vo, 10s

NIMROD, On the Chace—Turt—and Koad. With Portrait and
Plates. Crown8vo, 62, Or with Coloured Plates, 7s. 6d.

NORRIS (W. B.). Marcia. A Novel. Crown 8vo, 6a

O'CONNELL (Daxisn). [See Frrzpatnior.]

OWEN (Lixve.-Cor). Principles and Practuice of Modern Artillery,
With Hlostrations, Bvo. 15a

OWEN (Prorrsson). Life and Correspondence, Edited by his
Grandson, Rev, R.Owes, Pertruits and Ilostns, 2vols. Crown Svo. 24s.

PAGET (Lorp Gmorer). The Light Cavalry Brigade in the
Crimea. Map, Crown Bvo, 105, 6d.

PALGRAVE (R. H. L). Local Taxation of Great Britain and
Tretand, Svo, Bs,

PALLISER (Mrs.). Mottoes for Monuments, or Epitaphs selected
for General Usn and Stody  With Tllustrations, Crawn Rvo. 74, 6d,

PARKY (T. Gauprzx). The Ministry of Fine Art to the
Happiness o Lite, Revised Edition, with an Index. Sve. 142

({Mas.Gaunizg), The Combatwith Suffering. Feap,8vo.35.6d.

Day-Dresms ; belvg Thoughts from the
Notebook of a Crippte, Crown Svo, T7a, 6d,
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PEEL'S (S Romenr) Memoirs, 2 Volx Post 8vo, 135s

Life of ; Early vears; as Secretary for Ireland, 181218,
and Secretary of State, 1522-27.  Edited by Cuanres Stuant Pankes,
M. With Partraw, svo, 18z

PENGELLY  Life of Wizutaw, F.R.S., Geologist. By bis
Daugbter, Hester PENOeLLY Demy Svo. 18s,

PENN (tuvsasn). Maxims and Hinw for an Angler and Chess
player. Woodouts. Feap, 8vo, 1s.

FERCY (Joms, M.D.). Merarwvser. Fuel, Wood, Peat, Conl,
Chareanl, Coke, Fire-Clays. Dilustrations, Swvn, 304,

Lead, including part of Silver. [llustrations, 8vo. 80k,

Silver and Gold, Part I. [llustrations, 8vo. 304

Iron and Sweel. A New and Revised Edition, with the
Author's Latest Correctlons. nnd br ught down to the present time,
Iy H, Bavwexday, F.G.S. [lasmrarfons.  Svo,

PERRY (J. Tavexor). The Chronvlogy of Medieval Architec-
ture. A Dato Book of Architecturnl Art. Ilustrations. Svo. 165

(Rev. Carox). Hiscory of the Bnglish Charch. Sae
Stoos ¥1r'8 Manuals,

PETTY (Stx Wraan), The Life derived from Private Docu-
ments, By Lord Eomoxp Firzsavgrce.  With Maps and Portruits,
Svo. 14s,

PHILLIPS (Sasupp). Literary Essays from “The Timea” With
Portrait. 2 Vols, Feap.Svo, Ts

PINCKNEY (Briza). By Harsrorr Homnv-Ravesen With a
fucsitnilo, Crown Svo. Ox

PLEA FUR LIBERTY. See Maoxav.

POLICY OF FREE EXCHANGE, See Mackar,

POLLUCK (C. E.). A Book of Family Prayers. Selected from
the Liturgy of the Chureh of Engiand, 16mo.  8a 64,

POPE'S (Auexannenr) Life and Workd, With Introductions and
Notes, by J. W. Cgoxen, Rev. W. Brwiy, and W, J..Cousrrors,

10 Vols. With Portrmits. Svo. 10s. 84. ench.
PORTER (Rev. J. Li.). Damascus, Palmyra, and Lebanon, Map
and Woodeuts, Post 8vo. Tr. 64, X
{8RavnipoLLy lunvsTeazep). With Notes, by
Ry, Trios. Jamxs  Medinm 8vo  18s. cloth,
PRITCIHARD (Cuaintes, D.D.). Ocecasional Thoughts of an
Astronomor on Nature and Revelation, 8vo, Ta, 6d.
THERO (Rowrasp B.).  Life and Correspondence of Arthur
EAD Penchyn Steniey. late Dean of Westminvter.  With Portratts and

Ctrations. 2 vols. Bve, 82k
__"l_"_ufn‘l,cnv"u rs and Verses of AnTaUR P. Srayizy, Iate Dean
Vestminster. Svo. 10x 3
e amm‘:\t C\tl D.\ With Notes Explanatory and Critical by

[’SALD[‘:".(SK“:L“. Cannn Elliott, and Canen Cook.  Madium Svo. 103, 8d,
SALTER OF 1589. [See Eanvs (Profescor Johin )]
IF:L"L[:BN (Rev. H. w.). Handoocok of Roman Marbles,
Feap. 8vo. 20,
JVIEW (Tow). S8vo. 6e
UAKTBKLR‘;) MConntry (or the Moors. A Journey from Tripoli
RAE (EDWA{ l' City of Kairwan, Eteblogs, Crown Svo. 12,
et “_y T'he W hite Sea Penmnsula. Crown 8vo. 15s.
G0 The Country Banker; His Clients, Cares, and

PRAYER-BOOK

T (GBORGE)- f Forty Years. Crown Sve, 7s, 8d,
1 the Experience o 3 .
”?; "l'lk.(f I:;!'P "\\'.T The English Novel. Crown 8vo, 3s. 6d,
BAL Extension Seriea.)

(Univ.
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RAMSAY (Pror. W. M.). The Historical Geography of Asia
Minor, With 6 Mups, Tables, ke, Svo. 18s,

RAWLINSON'S (Canox) Five Great Monarchies of Chaldeea,
Assyria, Medis, Babylooia, snd Persia, With Maps and Iilostrations,
8 Vols. Bvo. 42e

————————— Herodotus, a new English Version, Ses page12.

RAWLINSON'S (S1z Hexny) England and Russia in the East; a
Series of Papers on the Condition of Central Asia, Map. Bvo. 12s.

REJECTED ADDRESSES (Tug). By Jawes axp Horacm Sxita.
Woodeats, Post 8vo, 3, 6d. ; or Popular Edition, Feap, 8vo, 1a.

RENTON (W.). Outlines of English Literature. With-1llustra-
tive Diagrams.  Crown &vo. s 6. (Univ. Extension Series.)

RICARDO'S (Davin) Works, With & Notice of his Life and
Writings, By J, R. M'CoLnocs. Svo. 16s,

ROBERTS (D, K. D.). An Introduction to Modern Geology.

With Coloured Maps and Ilostrations, Crown 8vo, Ss,  (Univ.
Extension Serfes.)

ROBERTSON (Caxox). History of the Chrigtian Chureh, from the
Apoatolic Age to the Reformation, 15617, 8 Vols. Post 8vo. £s. cach,

(4. C.) Klements of Philoropby. Edited from

Notes of Lectures nt University College, London, by Mrs. C. A. P,
Ruys Davins, B A, Crown8vo. Js. 8d. (University Extension Scries),
(4. C.) Klements of Psychology. Crown S8vo,

84, 6d. (University Extension Serica.
ROBINSON (W.). English Flower Garden, An Illustrated

Dictionary of all the Plants nsed, and Directions for thelr Culture and
Armogement.  With numerous lustrations.  Medium Svo. 185,

The Vegetable Gurden; or, the Edible Vegetables,
Bnlads, and Herbs cultivated in Europe and America, By M. Vit
MORIN-ANprizux, With 750 1lastrations, 8vo. 154,

The Wild Garden. Illustrations. 8vo. 12s,
——r———— Sub-Tropical Garden. Illustrations, Crown 8vo. 5s,

God's Acre Beautiful; or, the Cemeteries of the
Future, With & [llustrations, »vo. 7r. 6d.

Garden Design, Tluostrations. 8vo. B&a.

“RODDY OWEN" (late Brev. Major Lanc. Fusiliers, D.8.0.),
A Memoir by his Sister, Mrs, A. G. BoviLy, and G. R, Askwirs
M.A. Crown 8vo. 12z A

ROMANS, St. Panl's Epistle to the. With Notes and Commentary
by E. H, Gievorp, D.D. Medium Evo, 73, fd,

ROOSE (Dx. Kopsox). Waste and Repair in Modern Life,

Craown Bvo, s 6d.

ROSS (Mgs.) The Land of Manfred, Prince of Tarentum and King
of Sicily, Illustrations. Crown8vo, 10s 84,
ROWAN (Mwg), A Flower Hunter in Queensland. With nume-

rous IHustrations from the Author’s Drawings and Coloured Plate
Crown Svo, 1de

RUMBOLD (Sin Honraor). The Great Silver River: Notes of a
Residence in the Argentine Ropublie, Second Edition, with Additional
Chapter, With Hlustrations. Svo. 172

RUXTON (Geo.T.). Travelsin Mexico; with Adventuresamong Wild
'Iribes and Animals of the Prairies and Hoeky Mountains, Post Rvo, 2s. 0d,

RYAN (Coarres E.). With an Ambulance during the Franeo-
German War, 1570-71. With Portrait and Maps, Crown Svo, [

RYAN (Cuanies 8., M.B.). Under the Red Crescent. E

tiences of a Surgeon during the Sieges of p 3
Crown 8vo. ox,m ] ges of Plevna and Erzer

xpe-
oum,
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ST. JOHN (Caarres), St. John's Wild Sports and Natural History
of the Highlands of Scotland. A New Edition, Medium Svo, 1%,

ST, MAUR (Mns. Arcerxox), Ducaess ov Soweprser, Impres
#tons of n'Tcndcrfoo(. during & Journey in senrch of Sport in the Far
West. With Map and Illustrations, Crown Svo, 12

SALMON (Geo., D.D.). Au Introduetion to the Study of the New
Testament. Crown 8vo, 9s.  Appendix (1894), 1s.
Lectures on the Infallibility of the Church. Post 8vo. 9.
Some Thoughts on the Textual Criticisms of the New
Testament. Crown 8v0. 8s. 640
SANDEMAN (Sie Rozerr). His Life and Work on our Indian
Frontier. By T. H. TeoryToy, C.8.1., D,C.L. With Map, Portrait,
and Hlustrations, Svo, 185 .
SAPPHIRE RING (THE). A Novel. By CuarLes GRANVILLE
Crown 8vo, Ga,
SCEPTICISM IN GEOLOGY; and the Reasons for it. An

assembinge of facts from Nature combining to refute the thewry of
“Qauscs now in Action."” By Veririer. Woodeuts, Crown Bvo. s

SCHREIBER (Lapy Cuaxtorrs). English Fans and Fan Leaves.
Collected and Deseribed.  With 160 Plates. Folio, 71, 7a. Net, 3

- Foreign Fans and Fan Leaves.

French, ltalian and German, 180 Plates. Folio, T7i. 7a Net.

SHAIRP (Pumoipan) Axp mrs Friexps, By Professor Wi
Kx16n7, of 5t. Androws. With Portealt, Sve, 10s.

SHAW (T. B.). Manual of English Literature. Post 8vo. 7s. 6d.
Specimens of English Literature. Post 8vo. &

SHAW (R. Nonuax). [See Arcmirecruns.]

SIEMENS (Sik Wa). The Scientific Works of: a Collection or
Papers and Discourses. Edited vy E. F, Baxsen, C.E. Vol |-
Heat and Metallurgy . ii, — Blectricity, &e.; Ml —Addresses and
Lectures. Plates. 3 Vola. Svo. 12, cach.

(De. Wesxen vox). Collected Works of. Translated
by B, F. Basge, Vol i, —S8centlfic Papers aod Addresses. ii.—
Applied #cience. With Hlustrations. Svo, 14n

SIMPKINSON (kev. C. H.). [See Lavs.]

SINGER (axp BERENS). Some Unrecognized Laws of Nature.
Illustrations, Svo, 18s,

SMEDES (Susas Dasxer). A Southern Planter. Memoirs of
Thomays Dabney. Preface by M Grapsroxe. Post8vo, 7a, 6d.

SMILES' (Samuey, LL.D,) WORKS :—

Baurmise Exciverrs; from the Barliest Period to the Death of
the Stephepsons. [llustrations. & Vols, Crown Bvo. 7s. 6d. each,

Grorae STeraExtoN. Post 8vo.  2s 6d.

Jamgs Nasurra. Portrait and Illustrations, Post 8vo. 35 8d.

Jasurx: Barber, Poet, Philanthropist, Post 8vo. 3s. 6d.

Soorort Narvearist (Taos. Epwarp), Ilustrations. Post 8vo.
5. 6

Soorcr Guorosist (Rouenm Dicx). Illustrations. 8vo. 125,

ggry-Hewe,  With [lustrations of Conduct and Persever-
auce. Poat Bvo, U5, €d, In French, B

Cuaracren, A Book of Noble Characteristics. Post 8vo,

2. 0d.
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SMILES' (Sauvrr, LL.D.) Works —continuned.

Tarirr. A Book of Domestic Counsel. Post 8vo, 83 6d.

Dory. With Illnstrations of Conrage, Patience, and Endurance,
Post Svo, Se 64,

Iwpvsraian  Brograpny. Iron-Workers and Tool-Makers.
3+, td.

Mxx or Invesvion. Post 8vo. 3s. 64,

Live Axp Lagoun. Post Svo, 3« Gd.

Josrasr Wepawoon., The grast Artistic Potter. Post 8vo. 35 6d.

Tae Hucusxoys; Their Settlements, Churches, and Indus-
triead in England and [reland, Crown 8vo. 7 6d

Bov's Voraecz Rousp tus Wonip. Illustrations. Post 8vo.
85 0d.

SMITH (Dr. Groror) Student’s Manunl of the Geography of Britisk
Tudia, Physical and Political, Maps. Post Sva, 7 &l
Life of Wm. Cavey. D.D,, 1761 —1834. Shnoemaker and
Misgionary. Professor of RBanscrit, Bengalee and Marathe: at the College
of Port William, Calentta. [lustratiens, Post sy, s, i,
Life of 3:ephien Hislop, Pioneer, Missionary,and Natoralict
tn Centeal Indin 1844-1088  Portraly, Post Svo, 71 6id.
Tue Conversion of [ndis, from Pantmnus to the present
5 time, 193 —1803, With (11 str.tons. Crosn §vo, W,
——— The Life of Bishop Heber, Poet und Missionary, With
Portrait, Maps, and Diustmtions. Crown Svo.  10s. 64,
Tweive Indian Stuteswen, With Portrait, Crowa Svo.
108, Bd.
———— (Parure ). History of the Anclent World, from the Creation
to the Fall of the Roman Empire, a.0. 478 3 Vole. Bvo. Sla 6d,
(R. Boswoxrs), Mobammed and Mohammedanism.
Crown 8vo, Ta €d,

SMITH'S (8:a W) DICTIONARIES :—

Diorronany or rue Bisnw; its Antiquities, Biography,
Mengraphy, and Natural History, [lpstrations 3 Vols, 8va, £4 45,
The New and Revised Bditlon of Vol, I, suld soparntely, 2. 25 Vola
11 and [t1,, 21, 25,

Coxctsk Breug Dicrtoxary. Illustrations, 8vo, 213,

Suarter Brmne Diovroxany. [lustrations. Post 8vo, 7s. 8d.

Curistiax  Axriqureres.  Compriging the History, Insti-
totions, and Aotiguities of the Christian Church. Illustrations, 2 Vols,
Medium 8vo, 91 182 6d.

Cunrstian Broorapuy, Lriverirons, Seors, axp DocTrINES;
from the Times of the Apostles to the Ago of Charlemagne. Medinm 8va,
Now eomplota In 4 Vols, - 61 18, €d

Grerx anp Roxan Awriguimize. Including the Laws, Tnstitu-
tions, Domestie Usages, Painting, Seulpture, Mnsle, the Drama, &e.
Third Edition, Revisad avd Enlarged. 2 Vols. Med.8vo, 3is cd. ench.

Corcrse | 101, GEKIR AND Hoxas Asmiquivies, Edived by
¥, WARRE Comxien, M. A. Numercus [llustrations, Royal Svo,

Gueex anp Roman Brooravmy anp Myznowooy, IHustrations,
S Vola. Medinm Svo, 4L 4z, -

GREFE AND Rouan Grocrarmy. 2 Vola. Illustrations,
Medium Svo. 6.

Crassicar  Derowany o  Myenowooy, Brosraemy, AxDp
Grosraray. 1 Vol, 500 Woodeuts. New Edition. Sve, 18i

Suavizr Crassioan Dior. Woodcuts, Crown 8vo. 7s, 6d.,
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SMITH'S (St W) Diorrosaries—continued, - :

SuarLRR DIorioarY or GREER A¥D Howaw ANTIQUITIRS.
Woodents. Crown 8vo, 74, 6d.

SxaLter Lavry-Excuism Diorrowary. 12mo. 7z 6d.

CoupLire Larix-Exousy Diorrowary. With Tables of +he
Roman Caloadar, Measures, Weights, ‘Money, nod & Dictlonniy of
Proper Names, Svo, 18«

Corrovs axp UnitioAr Exonran-Lazis Dier. Svo, 18s.

SMALLER - ENouisn-Larrs  DiotioNary. 12mo. 74 6,

SMITH'S (Sra Wx.) ENGLISH COURSE :—

Sonoon Maxuar or Exouisn Graxuar,wira Corrovs Exencises,
Appendions and Index, Post 8vo, 3y, Bd.

Parwary Exovisn Grawxag, for Elementary Schools, with
carefully gradunted Parsing Lasswons. 18mo, 15

Maxvan o Exoursm Comrosrrion.  With Coplons Ilustra-
thona and Practical Exorcises, 12mo, 3g, 64,

Privany Hisrorv or Britaiw, 12mo. 2s, 6d.

SMITH'S (Sir W) FRENCH COURSE =—

Frsson Privorera.  Part 1. A First Course, containing a
Grammar, Delverns, Exerclses, and Vocabularies. 12mo. 84, 64,

Arpenpix 1o Frexonm Puixcrera. Part I Contsining ad-
ditional Exercises, with Examination Papers, 12mo. 2v. 8d,

Fepnon Priscrera.  Part Il A Reading Book, containing
Fables, Stortes, and Apecdotes, Natural History, and Scones from the
History of France. With Grammarical Questions, Notes and eopicua
Etymological Dictlonary, 12mo. 4s 6d,

Frexon Prixerera.  Part I Proge Composition, containing
Hints on Transiatlon of English inte French, tha Principal Rules of
the Fronch Syntax compared with the English, and a Syuterontic Conrse
of Exercigas on the Syotax, 18mo. 45 6d. [Post 8vo, Os,

STopssTs Frexcn Grasxar, With Introduction by M. Littré,

Buarir Onaxuar or rap Faesos Lascvaem, Abridged
from the nbove. 12mo. 8+, 64,

SMITH'S (S1r Wx.) GERMAN COURSE :— - :

GeryAN Prixorera, Part [0 A First German Course, contain-
ing a Grammar, Delectus, Exercise Book, and Vocabularing, 12me. 3¢, 6.

Geruan Prixoreia.  Part 1. A Reading Book ; containing
Fabies, Anecdotes, Natural History, and Scenes from the History of
Germany. With Questions. Notes, and Dictionary, 12mo. 8. 6d,

Pracrroarn Gerwan Grawman. Post 8vo. 3s. 6d.

SMITH'S (Ste Wa) ITALIAN COURSE :—

Iravraw Privoivia.  Part I An ltalian Course, containing s
Grammar, Delectus, Exercise Book, with Voeabularies, and Materixls
for Italian Conversation. 12wme. 8s 6d.

Iranrax Priworrra.  Part IL A First ltalian Reading Book,
conraining Fables, Anecdotes, History, and Passages from the best
Italinn Authore, with Grammatieal Questions, Notes, and & Copious
Etymologieal Dietionnry, 19mo.  3s. 6d

SMITH'S (81rr Wa.) Youne Broinsrn's Finsy Larix Covnss,

I. A Frase Latiy Boox. The Hudiments of Grammar, Easy
Grammntical Quer tions an! Exercisos with Vieabularies, 12mo, 25,

I, A Skeoxp Larix Beok. An Essy Latin Keading Book,
with an Analysis of the Seatences, Notes, and & Dietionary. 12mo. 9g,

HE A Tuigp Lamis Boog. The Principal Hults of Syntax,
with Easy Fxercises, Questions, Vocabularies, and an English-Latn
Dicti>nare, 2z,

IV. A Fourrn Larrs Boox. A Latin Voeabulary for Beginners,
Arranged according to Subjects and Etymologies, 12mo, 25,
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SMITH'S (Six Wa.) LATIN COURSE,

Priworera Larisa. Part I, First Latin Course, contalning &

Grammar, Delectus,and Exereise Book, with Voeabulsries, 12mo. 3¢, &d,

*s+* 1o this Edition the Cases of the Nouns, Mdjectives, and Pronouns

are arracged both asin the ounisAny GRaMmARS and 24 in the Punule
Scnoor PRIMER, together with the correspanding Exercises.

Areespix 10 Prisarera Lamiwa, Part L; being Additional
Exercises, with Exumination Papers. 12mo. 2e. 64,

Privcreia Latisa. Part Il A Reading-book of Mythology,
Geography, Roman Antiquities, aud History, With Notes and Die-
tionsry. 12mo. 3:. 84,

Pamvorera Larrsa. Part I11, A Poetry Book, Hexameters
and Pentameters; Eclog, Ovidisom; Latin Peasody. 12mo. 8¢, 64

Privorpia Larmsa, Part 1V, Prose Composition, Rules of
Syntax, with Examples, Explanations of Synonyms, acd Exerclses
on the Syntax. 12mo. 3s, 84,

Paixorera Larixa. Part V. Short Tales and Anecdotes for
Translation futo Latin, A New and Enlarged Edition, 12mo, 34, 64,

8roperT’s Loty Graxotak.  For the Higher Forms. A new
and thoraughly revised Edition, Post 8vo, 6z

SuALLER LaTiv Grausin. New Edition. 12mo, 3e, 6d,

SMITH'S (Bir Wx.) GREEK COURSE:—

Ivrera Grmoa. Partl, A Firat Greck Conrse, containing a Gram-
mar, Delactus, and Exercise-book. With Vocabylaries, 19mo, 3, 6d.

APPENDIX TO Inrzia Grzoa. Part I, Containing additional
Exarelses. With Examination Papers, Post Sva, 2z 64,

ImTia Grmoa. Part IL A Reading Book, Containing

Shart Tales, Aneedotes, Fables, Mytholegy, and Greecian History,
12mo, 3s. 84,

Inrris Greoa. Part 111, Pross Composition, Containing the
Rules of Syntax, with coplous Exnmples and Exercises, 12mo, . B8d,

Stupenr’s GeRgk Gramman. For the Higher Forms,
Poat Bvo. 62,

SuariEr Greex GRaMMAR. 12mo. 35, 64,
Gremk Acoromsor. 12mo. 23 6d.
Praro, Apology of Bocrates, &ke. With Notes. 12mo. 8s. 64

0

SMITH'S (Ste Wx.) BMALLER HISTORIES :—

Somrerure  History. Mapsand Woodeuts, 16mo. 3s. 6d,

Axorinr History, Woodcuts. 16mo. 35, 6d.

Axorenr Geosravay. Woodeuts, 18mo, 8s. 84,

Mopean GRorAPAY. 16mo. 25 6d

Greror. With Coloured Map and. Woodenta. 16mo. 33 6d,
Rouz. With Coloured Maps and Woodeuts, 16mo. 8s, 6d,
Crassroan Myrnonogy, Woodeats. 18mo. 3¢ 6.

Excranp, With Coloured Maps and Woodcuts, 16mo. 8s. 6d,
ExGuise Litesarony. 16mo, 3s. 6,

Srrcixexs or Exorisn Lireraronn, 16mo. 8s. 6.

SMYTH (T. Warniserox). Notes of a Journey on the Upper

——~ Five Years in Siam ; a Record of Life among the

Mekony, Siarm, With Maps and Hlustrations, Crown $ro. Ta, 6,

People

from 1801-04. % vols.  Crown Svo. With numerous Ilustrations

and Maps,

SNOW (Carr. H. J.). Notes on the Kuril Islands, 8vo. Wifp
Map,

. de.
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SOMERVILLE (Many), Physical Geography. Post 8vo, 95,
———— Connexion of the Physical Sciences. Post 8vo. &x
STANHOPE'S (BAr) WORKS :—
History or Exovaxp puex rteE Rerox or Quees Anne 0
TiE PEACE OF VERSAILLES, 1701-83. 8 Vols, Post 8vo, by, each,
Notes or CoNVERSATIONS WITB Tig Dugz or Wsrniserow,
Crown 8vo, 7a, 64,
Misoxruanies. 2 Vols. Post 8vo, 13,
Brrzism INpIa, ¥rox 118 Onrorn zo 1783, Post 8vo. 3s. 6d.
History oF * Forey-Five” Post 8vo. Js.
Hisronroan aNp Critioarn Essavs. Poat 8vo. 3s 6d.
Rerrear rro} Moscow, anp ornzg Essivs. Post 8vo. 7s, 6d.
Livg or ConnE. Post 8vo. 3s. 6d. '

STANLEY'S (Drax) WORKS :—

SixAr axp Panesrine,  Coloured Maps. 8vo. 12:,

Brpue 1t tHE Hovx Lawp; Extracts from the above Work,
Woedcents. Post Bvo. 3s, 6d.

Easrers Crugon.  Plans, Crown 8vo, 6s.

Jewisu Cavron. From the BEarliest Times to the Christian
Er. Portrait and Maps. 3 Vols. Crown Sve. 18;,

Cuurca oF ScorLaxn, 8vo. 74 6d.

Ertsins ov Sr. Pavs 1o tue Conmnrurans. 8vo. 18s.

Lirz o7 DR, Axxoun. Portrait. 2 Vols. Or. 8vo. 124,

Cawrersuny, [llustrations, Crown 8vo. 8s.

Wrstainsren Asser. I[llustrations. 8vo. 15s.

SerMons Preacnen 1x Westarxsres Apsry.  8vo, 12¢,

Mzxorr oF Epwasp, CATHERINE, A¥D MARY StanLEY. Cr. 8v0. 04

Onrisrran Instrvorions.  Crown 8vo. 6s.

Essays ox Crunom Anp Srars; 1850—1870. Crown 8vo, 6.

Srumons 70 Crruorey, including the Beatitudes, the Faithful
Servant. Post Svo, 82 &d,

SeLporions proM. By Arocmprscox Acies, Cr. 8vo, 7a 6d.

STANLEY (Dzax) Life of, [See Proruzro and Brapiry.]

STRATHEDEN AND CAMPBELL (Lown). Speeches on the
Bastern Questico,  Syo. 12s,
STREET (G. E.), R.A, Memoirof By A I Srerer. 8vo, 12

STUART (Viviiees). Egypt after the War.  With Descriptions of
the Natives, &e. Illusteations and Woodents. Royal §vo, 313 6d.
Advyentures Amidst the Equatorial Forests and
Jivers of Sonth Amarica, also in the West Indics and the Wilds of
Florida. Map and 1llustrations, Royal 8vo, 21s
STUDENTS' MANUALS. Crows 8vo. 7s 6d. A0 Vonuas :—
Houxr's History or Exorann from the Invasion of Juling
Casar to tha Revolution in 1685,  Revised, and continmed to the
Treaty of Berlin, 1678, By J. S, Brewes, M.A, Coloured Maps and
Woodeuts, Orin 8 parts, prios 25 6d. each,
*.* Questions on the above Work, 18mo. 21 %
Hisroxy oF Mopeux Evgors, from the Fall of Constantinople
to the Treaty of Berlin, 18578, By R, Longe, M. A,
Orp TrsTamexe Histony ; from the Creation to the Return of
the Jows from Captivity, Woodeuts,
New Tesramest History. With an Introduction connecting
the Higtory of the Old and New Testaments, Woodents,
-
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STUDENTS' MANUALS, 7s 6d. saon VoLuMe :—continued,

BocLesiastioat Hisronry ; a History of the Christian Chuareh,
By Paiure Sarvse, BLA, With nomerous Woodeuts. 2 Vols. Partl.
A.D. 301003, Pagnt I1., 1008 - 1614

Ercrisg Cauncn Hisvory. By Caxos Perry, 3 Vola
18t Period, 4. 0,596 —1509. Znd Period, 1500—1717. drd Pesfod 1717—1884.

Axcient History or Tar Kast; Egypt, Assyria, Babylona,
Media, Perwia, Asla Minor, and Pheenicia, By Puiuare Sairn, BLA,

Grooraray. By CQaxon Bevax. Woodcuts

Mopery GroorAPHEY ; Mathematical, Physical and Deseriptive
By Caxox Brvax, M A, Woodcurs

Hisrory or Grerox ; from the Barliest Times to the Roman

Couq.uu:n. By Wa Sarrn, DLO.L, Woadents,
%" Questions on the above Work, 12mo, 2s

Hisrory or Rom=z; from the Barlicst Times to the Establish-
ment of the Empire. By Drax Liopeus. Woadeuts, 3
Hrsrory ov sue Rosax Exreinz; from the Establishment of

the Eapire to the telgn of Commodus. By J. B. Buky, W {th Coloured
Maps and many Hinsteations,

Grepon's Uxonine axp Favu oy rae Roxax Exrire, Woodcuts,

Hauvax's Hisrory or Eurore during the Middle Ages.

Hauuax's Histrony or Exorasp; from the Accession of
Henry Vil to the Death of George 11,

History or Frames: from the Earliest Times to the Fall

of the Secoud Empire, DBy H. W, Junvis, With Coloured Maps and
Woodeuts,

Exerisn Lawavacn. By Gro. P. Mansn,
Exovian larenarune. By T. B, Smaw, M. A,
Seecivess or Excuisn Literatuns, By T. B.Suaw. bs.
Groonarny or Buirisn Iwpra.  Political and Physieal. By
Geonar Sy, LL,.D, Maps,
Monrav Purvosorny., By Wa. FreMixo,
STURGIS (Juriax). Comedy of a Country House, 6s.
Count Julian. A Tragedy. Crown 8vo. 2s.
SULIVAN (Apa Sin B. 1), K..B. Life and Letters. By his
son, W, N, Surivax, Maps, Plaus, and Hlusrvatlons, Sva, 16
SWAINSON (Caxos). Nicene and Apostles’ Creeas. 8vo. 13z
TALLEYRAND. By Lavy Buessanuasserr (Couxrees Leypex)
Transiated by Ferogiicg Craske. 2 vols, Crown Svo, 249,
TARVER (Faascts, M.A.). French Stumbling Blocks and Eng-

lish Stepping Stones.  An entiroly now book on a new plan, Feap.
Svo.  2e 8d

TAYLOR (Tuoxas H). Ruoning the Blockade, A personal
nayrative of adsontores duving the Amerlean Cival Was, With Int-o-
dueticn by Juntax Conne 1, Hlusteations snd Maps, Ciown 8va, Ts (.

TEMPLE (81 Kioganp). Indiain 1880, Wiwn Maps. svu. 16s.
— Men and Events of My ime in India, 8vo. 16s

———— (riental Expericnce. Essays and Addresses delivered
on Various Oceasions,  With Maps and Woodeuts, Svo. 18,

Life in Parliament. From 1862 to 1802 inclusive.
Crown Svo, 73, Od.

THATCHE« (axp SCHWILL), Europe in the Middle Aye.
Svo. s

THOMAS (Sivxey Groomnist), Inventor; Memoir and Letters,
Edited by R, W, Bonxie. Portralts. Crowa Bvo. 93

THOMSON (J. Anrnor)., TheStady of Animal Life.  With many
Dlusteations, Crown 8vo. bs.  (University Exgension Manuals,)
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THORNHILL (Magrx). The Personal Adventures and Experiences
of a Magistrite during the Indian Mutiny, Crown Sve. 122
THURSFIE D (Jaxes t.). Ths Nay uani tee Nution. By J.

T, Tuvisrzio and Siv Gxo, Sypesuan Cranke,  With Maps.. Svo,
TOCQUEV ELLE'S State of Soclety in Frauve betore the huvolniion,
1789, and on the Canses which led to that Event, Svo. 12r
TRISTRAM (Canox), Great Suhara, [Huostrutions, Crown 8vo, 154
TYLOR (E. B.). Resesrches into the Early History of Manking,
and Development of Civilization, 3rd Edition, 8vo. 12«
——— Primitive Culture: the Development of Mythology,
Philosophy, Religion Art, and Custom, 2 Vols, Sve, Ind Edit. 218
UNIVERSITY EXTENSION MANUALS. Edited by 1'mo-
Feeson War, Kxiguy (8t. Andrew's), A serics of Manuals dealing
with Literature, Sclenve, Philasopliy, History, Art, &c. Crown Svo.
Ax InTrovcorios 7o Mopeex Grorooy, [ves Roments.] »
Tor Reaux or Narvge. [Sce Mruw)
" Pag Sruiy o7 ANMaL Live.  [See Troxusox.]
Tux Eupmesss oy Eroices. (See Murengan ]
Exorisn Conoxizariox axp Eaeine,  [See Caroroorr.)
Tae Fisn Axvs.  [Si Banowis Brows.]
Tag Usk axp Apuse o MoNmy, [dee Cussisonan.]
Tae Punosorny or ToR Bravrivuz, [See Ksrour.]
Frexen Literarune, [See Kurxe]
Tue Rise or e Bumsn Doxisios ix Ispia. [See Lraun]
Tag Purstorocy or rix Susses, [Sce McKexprics.]
Cuarrers ¥ Monriy Berasy, [Seec Gxppus.]
Tir Freson Rxvowvrion  [See Manurn]
Excuien LiTRiaxune. [Ses Ruxtox.]
Loc1e, Ixprerive axn Deoverive, [See Mixzo.)
Grrce 15 THE Ak ov Prucrks. [See Grast.]
Jacopeay Porrs. [See Gossg,]
Tars Bsousn Nover. [See Ranuon.]
Hisroxy or Retteron, [See Maszies.]
Liazis Lireearone,  [See Mackain)
SpAxsrERE AND 1118 Pusprcrssors.  [See Boas,]
Erssentd o Puruosorny, [See Ronuumu.%
Brusests oF Pevcnorocy, |Sce ROBERISON.
WACE (iev, Hesry), D.D. The Principal Facts in the Life of
our Lord, and the Aurhority of the Evangelies! Narrulives, Post 8vo. 6s
Christianity and Morality., Boyle Lectures for 1874 and
1576, Eichth Edition, Crown Svo. s,
——— The Foundations of Faith, being the Bampton Lecturea
for 1879, - Svo, 74 0d,
WALES (H.RH. rax Prizox of). Speeches and Addresses,
18651658,  Filted by Du, J. Macavnay, Witk Portrait. Svo, 12s
WALLER (Rov. Honaor). Heanlth Hints for Travellers in Central
Afrien. Feap, Sva, 14,
WARREN (Mary Omis). By Awor Brows, With Portrait.
Crown 8vo, G
(. Herszer, M.A., President of Magdalen College,
Oxford) By Severts Sea and other vorses. - Feap. 4to, )
WASHINGTON (Maprra). By Axye Homusoswoorn Wearron.
Crown Svo.
WELLINGTON (Duxx ov), Notes of Conversations with the
late Earl Stanbope, 1581-1851, Crown &vo. Te 6d,
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WELLINGTON (Duxe o#). Supplementary Despatches, relating
to Indin, Iroland, Denmnrk, Bpanish Americn, Spain, Portogal, France,
Congress of Vienna, Waterloo and Parfs. 15 Vols, Sve, 20y, eaclt

Civil and Political Correspondence. Vols, L. to
VIHI, Bvo, 201 cach,

WESTCOTT (Caxox B.F.) The Gospel according to St. John, with
Notes n&:dﬁff)lsurlnﬂon: (Reprinted from the Speakor's Commeatary.)

Svo, 104 6.

WESTON (Rev. Warnren). The Japaneie Alps,  An sccount of
Climbing and Exploration in Contral Jupan,  With Maps aud Hinstra-
tions,  Medlum Svo. 214

WHARTON (Apx. W.J. L), R.N. Hydrographieal Surveying:
_ belng a deseription of the means and methody employed in construeting
pe Churts, Witl Illustrations.  Byvo, I&s,

Mari
WHITE (St W. H.). Manual of Naval Architeeture, for the use
. Of Navai Officers, Shipbuilders, Yachtsinen, &c, Iiestrations, Svo. 242,
WHYMPER (Evwaro), Travels amonget the Grea. Andes of the
Equataor, With 140 Original Uinstrations. Engraved by the Author,
Modinm 8vo,  2Ls. Net.
Supplementary Appendix to the above, With 61
Figures of New Genern and Species, Illuw, Medlium 8vo. 21s, Nef
—— How to Use the Aneroid Barometer. With numerous
Tables, 2. 64, Net,
Chamonix and the Range of Mont Blane. With
65 IMlustrations and Maps. 35 Neg,
Zermatt and the Matterhorn.  With 70 Ilustrations

and Maps, s net,
WILBERFORCE'S (Bisnor) Life of William Wilberforce, Portrait,

Crown Bvo, e,
(Saxuwy, D.D.), Lord Bishop of Oxford and
Winchester; his Life. By Caxox Asuwrry, and R, G. Wrinnes-
on,  Portraits, 3 Vols. 8va. 10s, each.

PO

WILKINSON (3irJ. G.). Mannersand Customs of the Ancient
Egyptians.  Edited by 8, Bikcu; LL.D. Tlnstrng, 3 Volh, 8vo, Sz,

Popular Account of the Ancient Egyptians,  With
500 Woodonts. 2 Vols, Post Svo. 14g

WILLIAMS (Sie Moxizx), DBralimanism and i induism, Religiona
Thanght and Life in indla o8 based on the Veia, Enlargod Edit, 184,
—— Buddhism; its connection with Brahmanism and
Hindnlsm, sud m its contrast with Chiristianity, With Illus. Svo, 2n

WINTHROP (Maxcirer). Wife of Governor John Winthrop, of
Mussaohisetts, By Avien Morse Biniz.  18mo. {3

WINTLE (H. G.). Ovid Lessons. 120, 25, 6d. [See Tirox.]

WOLFF (Rt. Hon. Sir L 1.). Notes of the Past. Cr. 8vo, &s.

WOOD'S (Carrais) Source of the Oxus, With the Geography
of the Valley of tha Oxus. By Cor. Youe Map, Bvo, 195

WOODS (Mrs.), Erther Vanhomrigh, A Novel. Crown 8vo. 6s,

WORDSWORTH (Bisnor). Greece ; Piclorial, Descriptive, and
Historieal,  With 40« lustratic ng, Royal Bvo, 814, 64,

WORK OF THE CHURCH IN LONDON. A Serivs of Lectures
in St James's Church, Piccadilly.  Crown Svo. . 8. 04

YOUNGHUSHAND (Cazr. G. i). The Queen's Commirsion »
How to Propare for it; how to Obtain and Use it. Cr. Sva, 6,

(Cary, Fraxz)., The Heart of a Continent,
Travels in Manchuria, Turkestun, the Pamirs. Witk Naps, Ilusten-
tions, &o. Tidrd Editlon. $vo, 21s.

YULE (Corossr) and A. C. Bumwe. A Glossary of Angio-
Indian Collognial Words acd Phrases, and of Kindred Terms; Etymo-
logical, Historical, Geogrophieal, and Discursive. Medinm Svo. 36e,

BRADBURY, AGREW, & €O/ LD, FRINTERY, LONDON ANL TONENIDOR,
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