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TUNDER DOMESTICATION.
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 CHAPTER XIL
INHERITANCE.

PEDIGREES OF OUR ANDIALS
OB NOT DUE TO CHANCE — TRIFLING CHARACTERS INHERITED —

TED — PECULTARITIES TN THE EYE INHERITED — DISEASES IN THE
AND VIGOUR — ASTMMETRICAL, DEVIATIONS OF STRUCTURE

CE IN CERTAIN CASES — INHERITANCE OF STRUCTURE AND HABITS
Y HOSTILE CONDITIONS OF LIFE, BY INCESSANTLY BECURKING
AND BY REVERSION — CONCLUSION,

subject of inheritance is an immense one, and has been
ated by many authors. One work alone, ‘De I'Hérédité
e; by Dr. Prosper Lucas, runs to the length of 1562
‘We must confine ourselves to certain points which have

‘important bearing on the general subject of variation, both
with domestic and natural productions. It is obvious that a
tion which is not inherited throws no light on the derivation
nor is of any service to man, except in the case of
plants, which can be propagated by buds.
animals and plants had never been domesticated, and wild
alone had been observed, we should probably never have
the saying, that “like begets like.” The proposition
Thave been as self-evident, as that all the buds on the same
are alike, though neither proposition is strictly true. For,
often been remarked, probably no two individuals are

B



2 INHERITANCE. Cuar. XIL

! identically the same. All wild animals recognise each other,

I which shows that there is some difference between them ; and when

I the eye is well practised, the shepherd knows cach sheep, and

| man can distinguish a fellow-man out of millions on millions of

other men. Some authors have gone so far as to maintain that

the production of slight differences is as much a necessary func-

tion of the powers of generation, as the production of offspring

like their parents. This view, as we shall see in a future

chapter, is not theoretically probable, though practically it holds

good. The saying that like begets like” has in fact arisen

from the perfect confidence felt by breeders, that a superior or

inferior animal will generally reproduce its kind; but this very

) superiority or inferiority shows that the individual in question

has' departed slightly from its type.

The whole subject of inheritance is wonderful. When'a new

\ character arises, whatever its nature may be, it generally tends

to be inherited, at least in a temporary and sometimes in a most

persistent manner. What can be more wonderful than that

I some trifling peculiarity, not primordially attached to the species,

! should be transmitted through the male or female sexual cells,

which are so minute as not to be visible to the naked eye,

and afterwards through the incessant changes of a long course

of development, undergone either in the womb or in the egg,

and ultimately appear in the offspring when mature, or eve,

when quite old, as in the case of certain diseases?  Or again,

what can be more d than the well ined fact

that the minute ovule of a good milking cow will produce a

| male, from whom a cell, in union with an ovule, will produce

5 a female, and she, when mature, will have large mammary

! glands, yielding an abundant supply of milk, and even milk'

; of a particular quality? Nevertheless, the real subject of sur-

prise is, as Sir H. Holland has well remarked,' not that a

character should bhe inherited, but that any should ever fail

to be inherited. In a future chapter, devoted to an hypothesis

which I have termed pangenesis, an attempt will be mado to

show the means by which characters of all kinds are trans-
mitted from generation to generation.

! * Medical Notes and Reflections, rd edit,, 1855, p. 267.




~ Cia. XII. INHERITANCE. 3
- Some writers? who have not attended to natural history, have
~ attempted to show that the force of inheritance has been much
~ exaggerated. The breeders of animals would smile at such
~ simplicity; and if they cond, ded to make any answer,
. might ask what would be the chance of winning a prize if two
. inferior animals were paired together ? They might ask whether
the half-wild Arabs were led by theoretical notions to keep
- pedigrees of their horses ? Why have pedigrees been serupu-
lously kept and published of the Shorthorn cattle, and more
- recently of the Hereford breed ? Is it an illusion that thess
 recently improved animals safely transmit their excellent qua-
lities even when crossed with other breeds? have the Short-
without good reason, been purchased at immense prices
exported to almost every quarter of the globe, a thousand
ineas having been given for a bull? With greyhounds

s have likewise been kept, and the names of such
7 as Snowball, Major, &c., are as well known to coursers as
. those of Eclipse and Herod on the turf. Even with the Game-
cock pedigrees of famous strains were formerly kept, and ex-
tended back for a century, With Pigs, the Yorkshire and Cum-
 berland breeders “preserve and print pedigrees ;” and to show
- how such highly-bred animals are valued, T may mention
that Mr. Brown, who won all the first prizes for small breeds at
Birmingham in 1850, sold a young sow and boar of his breed
‘to Lord Ducie for 43 guineas; the sow alone was afterwards
sold to the Rev. F. Thursby for 65 guineas; who writes,
 “sho paid me very well, having sold her produce for 3007,
and haviig now four breeding sows from her”® Hard casl,
~paid down, over and over again, is an excellent test of in-
 herited superiority. In fact, the whole art of breeding, from
which such great results have been attained. during the pre-
sent century, depends on the inheritance of each small

2 r. Buckle, in his grand work on  Animals of the British Tslands, 1545,
¢ * expresses doubts on the p. 721. For gamefowls, sec ‘Thy
. subject owing to the want of statistics, Poultry Book, by Mr. Tegetm

See also Mr. Bowen, Professor of Moral 1866, p. 123. For pigs, sce Mr. Sidne:
- Philosophy, in Proc. American Acad.  edit. of  Youatt on they Pig,’ 1860, pp.

of Sciences,” vol. v. p, 102, 11, 22,

# For groyhounds, see Low’s * Domest,

B 2



4 INHERITANCE, Citap, XIL.

detail of structure. But inheritance is not certain; for if it
were, the breeder’s art* would be reduced to a certainty, and
there would be little scope left for all that skill and perse-
verance shown by the men who have left an enduring monu-
ment of their saccess in the present state of our domesticated
animals.

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

ing any remarkabl liarity, such as solid-hoofed swine,
Mauchamp sheep, niata cattle, &c., are instances of the long-
continued inheritance of rare deviations of structure.

‘When we reflect that certain extraordinary peculiarities have

4 ¢The Stud Farm,' by Cecil, p. 80.  the males alone.

® “Philosophical Transactions,’ 1755, ~ © Barbara Van Beck, figzured, as T am
P 23. 1 have seen only second-hand informed by the Rev. W. D. Fox, in
accounts of the two gmndsons. Mr. Woodburn's ¢ Gallery of Rare Portraits.”
Sedgwick, in a paper to which I shall 1816, vol. ii.
hereafter often refer, states that jour 7  Proc. Zoolog. Soc,’ 1833, p. 16.
generations were affected, and in eac]
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d in a single individual out of many millions, all
in the same country to the same general conditions
and, again, that the same extraordinary peculiarity has
es appeared in individuals living under widely different
of life, we are driven to conclude that such peculia-
not directly due to the action of the surrounding con-
t to unknown laws acting on the organisation or
the individual ;—that their production stands in
relation to the conditions than does life itself.
the occurrence of the same unusual character
cannot be attributed to both having
- unusual conditions, then the following
eration, as showing that the result
authors have supposed, to mere coin-
 be consequent on the members of the same
something in common in their constitution.
be assumed that, in a large population, a particular
oceurs on an average in ome out of a million, so
priori_chance that an individual taken at random
50 affected is only one in a million. Let the popula-
ist of sixty millions, composed, we will assume, of ten
families, each containing six members. On these data,
Stokes has caleulated for me that the odds will b no
8333 millions to 1 that in the ten million families
will not be even a single family in which one parent,
children will be affected by the peculiarity in ques-
But numerous cases could be given, in which several
have been affected by the same rare peculiarity with
their parents; and in this case, more especially if the
be included in the caleulation, the odds against
e thing prodigious, almost beyond

~some respects the evidence of inheritance is more striking

ider the reapyp of trifling peculiarities. Dr,
formerly told me of an English family in which, for many
ons, some members had a single lock differently colonred
the rest of the hair. I knew an Irish gentleman, who,
e right side of his head, had a small white lock in the
of his dark hair: he assured me that his grandmother had
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a similar lock on the same side, and his mother on the opposite
side. But it is superfluous to give instances; every shade
of expression, which may often be seen alike in parents
and children, tells the same story. On what a curious com-
bination of corporeal structure, mental character, and training,
must handwriting depend! yet every one must have noted the
occasional close similarity of the handwriting in fathef and son,
although the father had not taught his son. A great collector
of franks assured me that in his collection there were several
franks of father and son hardly distinguishable except by their
dates. Hofacker, in Germany, remarks on the inheritance of hand-
writing; and it has even been asserted that English boys when
taught to write in France naturally cling to their English manner
of writing.® Gait, gestures, voice, and general bearing are all
inherited, as the illustrious Hunter and Sir A. Carlisle have
insisted.” My father communicated to me two or three striking
instances, in one of which a man died during the early infancy
of his son, and my father, who did not see this son until grown
upand out of health, declared that it seemed to him as if his old
friend had risen from the grave, with all his highly peculiar
habits and manners. Peculiar manners pass into tricks, and
several instances could be given of their inheritance ; as in the
case, often quoted, of the father who generally slept on his back,
with his right leg crossed over the left, and whose daughter,
whilst an infant in the cradle, followed exactly the same habit,
though an_attempt was made to cure her.® I will give one
instance which has fallen under my own observation, and which
is curious from being a trick associated with a peculiar state of
mind, namely, pleasurable emotion, A boy had the singular
habit, when pleased, of rapidly moving his fingers parallel to each
other, and, when much excited, of raising both hands, with
the fingers still moving, to the sides of hiﬁsce on alevel with
the eyes; this boy, when almost an old man, could still hardly
vesist this trick when much pleased, but from its absurdity
concealed it. He had eight children. Of these, a girl, when

# Hofucker, ‘Ueber die Bigenschaften,  Researches,’ p. 530. Sir A. Carlisle,
&c, 1828, 534, Report by Pariset in  * Phil. Transact,’ 1814, p, 94,
¢ Comptes Rendus,’ 1847, p. 592. ™ Girou de Buzarcignues, ‘De la

. * Hunter, as quoted in Harlun’s‘ Med.  Génération, p. 252.
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at the age of four and a half years, moved her fingers
tly the same way, and what is still odder, when much
she raised both her hands, with her fingers still moving,
> sides of her face, in exactly the same manner as her
had done, and sometimes even still continued to do when
I nover heard of any one excepting this one man and his
who had this strange habit; and certainly imi-
this instance out of the question.

have doubted whether those complex mental
genius and talent depend, are inherited,
are thus endowed. But he who will
paper™ on hereditary talent will have his

‘matters not, as far as inheritance is con-
& quality or structure may be if compatible
can read the many treatises' on hereditary
doubt this. The ancients were strongly of this
, as Ranchin expresses it, Omnes Greeci, Arabes, ot
‘e consentiunt. A long catalogue could be given
ts of inherited malfc ions and of dispositi
diseases.  With gout, fifty per cent. of the cases
in hospital practice are, according to Dr. Garrod,
X a greater percentage in private practice. Every
how often insanity runs in families, and some of
en by Mr. Sedgwick are awful,—as of a surgeon,
father, and four paternal uncles were all insane,
er dying by suicide; of a Jew, whose father, mother, and
ers and sisters were all mad; and in some other cases
members of the same family, during three or four suc-

Magazine, July and  THE6dit6 dans les Maladics” 1840,
Adams, ¢ A Philosophical Treatise on
Hereditary Peculiaritios, 2nd  edit,,
1815. Essay on * Hereditary Discascs,”
by Dr. J. Steinan, 1843, See Paget, in
* Medical Times,’ 1857, p. 192, on the
i - Inheritance of Cancer; Dr. Gould, in
April and July, 1861, ¢ Proc. of American A®d. of Sciences,’
~and July, 1863: Dr. Garrod Nov. 8, 1858, gives a curious case of
ed in ir  hereditary bleeding in four genera-
tions. Harlan, * Medical Rescarches,
. 593,

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

Instead of giving numerous details on various inherited malformations
and diseases, Ljwill confine myself o one organ, that which is the most
complex, delicate, and probably best-known in the human frame, namely,
the eye, with its accessory parts. To begin with the latter: I have heard
of a family in which parents and children were affected by drooping eye-
lds, in g0 peculiar a manner, that they could not sce without throwing
their heads backwards; and Sir A. Carlisle™ specifies a penduldus fold to
the eyelids as inherited. *In a family,” says Sir H. Holland, “where tho
futher had a singular elongation of th upper eyelid, seven or eight children
were born with the same deformity; two or three other children having
it not.” Many persons, as T hear from Mr. Paget, have two or three of
the hairs in their eycbrows (apparently corresponding with the vibriss
of the lower animals) much longer than the others; and even so trifling
& peculiarity as this certainly runs in familics,

With respect to the eyo itself, the highest authority in England, Mr.
Bowman, has been so kind as to give me the following remarks on certain
inherited imperfections. First, hypermetropia, or morbidly long sight: in
this affection, the organ, instead of being spherical, is too flat from front
to back, and is often altogether too small, so that the rotina is brought
too forward for the focus of the humours; consequently a convex glass
is required for clear vision of near objects, and frequently even of distant
ones. This state ocours congenitally, or at a very early age, often in
several children of the same family, where one of the parents has presented
it Secondly, myopia, or short-sight, in which the eye is egg-shaped,
and too long from front to back; the retina in this case lies behind the
foeus, and is therefore fitted to see distinetly only very near objects. This
condition is not commonly congenital, but comes on in youth, tho liability
to it being well known to be transmissible from parent to child. The
chango from the spherical to the ovoidal shape seems the immediate con-

13 Marshall, quoted by Youatt in his 6 This affection, as T hear from Mr,
work on Cattle, p. 284, Bowman, has been ably described
i ¢ Philosoph. Transact,’ 1814, p. and spoken of as hereditary by Dr.
y Donders, of Utrecht, whose work was
% “Medical Notes and Reflections,  published in English by the Sydenbam
rd edit, p. 33. Society in 1864,
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nething like inflammation of the coats, under which they
e is ground for believing that it may often originate in
directly on the individual affected, and may thenceforward
e. When both parents are myopic Mr. Bowman has

» heredifary tendency in this direction to be heightencd, and
children to be myopic at an earlicr age or in a higher degreo
rents. Thirdly, squinting is a familiar example of hereditary
it is frequently a result of such optical defects as have been
but. more primary and uncomplicated forms of it

. degree transmitted in o family. Fourfhly,

ine lens, is commonly observed in

e been similarly affected, and often at an carlicr
ie parents. Occasionally more than one child

ne of whose parents or other relation presents
‘When cataract affects several members of

‘occasionally seen, in several members of the same
cither the right or lefteye; and Mr. White Cooper
e of vision confined fo one ey reappearing in

cases are taken from an able paper by Mr. W. Sedgwick,

er Lmcas.® Amaurosis, either congenital or coming on

| causing total blindness, is often inherited ; it has been
successive generations. - Congenital absence of tho iris has
transmitted for three generations, a cleft-iris for four genc-

imited in this latter case to the males of the family. Opacity
and congenital smallness of the eyes have been inherited.
curious case, in which a father and two sons were rendered

: the head was bent downwards, apparently owing to the
with its capsule, slipping through an unusually large pupil
chamber of the eye. Day-blindness, or imperfect vision

as is night-blindness, or an incapacity to
under a strong light : a case has been recorded, by M. Cunier, of
g eighty-five members of the same family
incapacity of distinguishing colours,

been called Dultonism, is notoriously hereditary, and has been
five generations, in which it was confined to the femalo

 deficiency of colouring matter is
n tary in albinoes. The iris of one eyo being of
colour from that of the other, and the iris being spotted, are
h have been inherited. Mr. Sedgwick gives, in addition, on the

d by Mr. Herbert Spencer, Chirurg. Review,” April, 1861, p.482-6;
les of Biology, vol. i p. 244, <PHéréd. Nat.,’ tom. i. pp. 391-108.
itish and Forej
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authority of Dr. Osborne; tho following curious instanco of strong in-
heritanco: a family of sixteen sons and five daughters all had eyes
+ resembling in miniature the markings-on the back of @ tortoiseshell cat.”
The mother of this largo fumily had threo sisters and a brother all similarly
marked, and they derived this peculiarity from their mother, who belonged
to a family notorious for transmitting it to their posterity. i

Finally, Dr. Lucas emphatically remarks that thero s not ono singlo
faculty of the eye which is not subject to anomalies ; and not one which i
1ot subjected to the principle of inheritance. Mr. Bowman agrees with
tho general truth of this proposition; which of course does not imply that
all malformations are necessarily. inherited ; this would not even follow
if both parents were affected by an anomaly which in most cases was
transmissible,

Even if no single fact had been known with respect to the
inheritance of disease and malformations by man, the evidence
would have been ample in the case of the horse. And this
might have been expected, as horses breed much quicker than
man, are matched with care, and are highly valued. 1
have consulted many works, and the unanimity of the belief by
veterinaries of all nations in the transmission of various morbid
tendencies is surprising. - Authors, who have had wide experience,
give in detail many singular cases, and assert that contracted
feet, with the ingent,evils, of ring-bones, curbs,
splints, spavin, founder and weakness of the front legs, roaring
or broken and thick wind, melanosis, specific ophthalmia, and
blinduess (the great Fronch veterinary Huzard going so far
s to say that a blind race could soon bo formed), crib-biting,
jibbing, and ill-temper, are all plainly hereditary. Youatt sums
up by saying « there is scarcely a malady to which the horse
is subject which is not hereditary;” and M. Bernard adds that
the doctrine “that there is scarcely a disease which does not
Tun in the stock, is gaining new advocates every day.”® So it

'3 D Osborne, Pres.of Royal Collego  land,” vol. v. p. 511 *Encyelop. of
of Phys, in Ireland, published this case  Rumal Sports p. 279. Giron do Diuza.
in the *Dublin Medical Journal” for  reignucs, *Philosoph, Phys, p. 215,

1835. See following papers in *The Veter

 These various statements are taken
from the following works and papers :i—
Youatt on *The Horse,” pp. 35, 220,
Lawrence, *The Horse, p. 30. Karkeck,
in au excellent paper in * Gard. Chro-
nicle, 1858, p. 92. Mr. Burke, in
“Journal of R. Agricul. Soc. of Tng-

nary ? Roberts, in vol. ii. p. 144; M.
Marrimpocy, vol.ii. p. 387; Mr. Karkeck,
vol. iv. p. 5; Youatt on Goitre in Dogs,
ol v. p. 483; Youatt, in vol. vi. pp.
66, 348, 412; M. Bernard, vol. xi. p.
539; Dr. Samesteuther, on Cattle, in
P- 181; Percivall, in vol, xiii.
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to cattle, with consumption, good and bad tecth,
&e. &. But enough, and more than enough, has
on disease.  Andrew Knight, from his own expericnce,
that disease is hereditary with plants; and this assertion
rsed by Lindley."

- how hereditary evil qualities are, it is fortunate that
vigour, and longevity are equally inherited. It
well-known practice, when annuities were pur-
» received during the lifetime of a nominee, to
belonging to a family of which many
extreme old age. As to the inheritance

ice, the English race-horse offers an
e begot 334, and King Herod 497
il” is a horse not purely bred, but with
onessixteenth impure blood in his veins, yet
‘have ever occurred of such horses having won

They are sometimes as fleet for short distances as
ds, but as Mr. Robson, the great trainer, asserts,

nt in wind, and cannot keep up the pace. Mr.
remarks, “ perhaps no instance has ever occurred
part-bred horse saving his *distance’ in running two
bred racers.” It has been stated by Cecil,
unknown horses, whose parents were not celebrated,
lly won great races, as in the case of Priam,
be proved to be descended on both sides, through

from first-rate ancestors. On the Continent,
challenges, in a German 'y periodical
ents of the English race-horse, to name one good
on the Continent which has not some English race-blood

s veins2
respect to the transmission of the many slight, but in-

= Theso statements are taken from
the following works in order :—Youatt
on ‘The Horse’ p. 48; Mr. Darvill, in
“The Veterinary,” vol. viii. p. 50. With
case of  respect fo Robson, see ¢ The Veterinary,”
imperfect vision and of jib- vol. iii. p. 580; Mr. Lawrence on * Tip
Horse,’ 1820, p. 9; ‘The Stud Farm,’
bt on ‘The Culture of the by Cecil, 1851; Baron Comeronn,
Pear! p. 84 Lindley’s quotod in ‘The Veterisary, vol, x. p.

5 500.
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. finitely diversified characters, by which the domestic races of
animals and plants are distinguished, nothing need be said ; for
the very exi of persi races laims the power of
inheritance.

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

Polydactylism.—Supernumerary fingers and toes are eminently liable, as
various authors have insisted, to transmission, but they are moticed here
chiefly on account of their occasional regrowth after amputation. Poly-
dactylism graduates® by multifarious steps from a mere cutancous ap-
pendage, not including any bone, to a double hand. But an additional
digit, supported on  metacarpal bone, and furnished with all the proper
muscles, norves, and vesscls, is sometimes so perfect, that it escapes detec-
tion, unless the fingers are actually counted. Oceasionally there aro
several supernumerary digits; but usually only one, making the fotal
number six. This one may represent cither a thumb or finger, being
attached to the imer or outer margin of the hand. Gencrally, through
the law of correlation, both hands and feet are similarly affected. T havo
tabulated the cases recorded in various works or privately communicated

el e N
* * Recreations in Agriculturo and % Vrolik hns discussed £his point at
Nat. Hist,’ vol. i. p. 68, full length in a work published in Dutch,
oe Ucber dio. Eigonschaften, &, from which Mr. Paget has kindly trans.
1828, 5. 107 lated for mo passages. See, also, Tsidoro

* Bronn's *Geschichte: der Natur, Geofioy St. Hilaire's *Hist, des Ano.
band ii. 5. 132. malies,” 1832, tom. i. p. 681
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ty-six persons with extra digits on one or both hands and
 cach caso all four extremities had been similarly affected, the
shown a total of ninety-two hands and ninety-two feet
digits. As it is, seventy-three hands and seventy-five feet

This proves, in contradiction to tho result arrived at
7 that the hands ave not more frequently affected than

) of more than five digits is a great anomaly, for this num-
rmally exceeded by any mammal, bird, or existing reptile
digits are stongly inherited; they have
five generations; and in some cases, after
even three generations, have reappeared

» rendered, as

had married one not affected ;

m o i amputated soon after birth, and

Dy use. Dr. Struthers gives the following

generation an additional digit appeared on one hand ;
‘hands; mmwnd.ﬂueehmmmmbomhmds,

@ foot affected ; and in the fourth generation all
affected. Yot we must not over-estimate the forco of
asserts that cases of non-inheritance and of the
additional digits in unaffected familics are much moro
8 of inheritance. Many other deviations of structure,
s anomalous as supernumerary digits, such as deficient
 joints, crooked fingers, &e., are inlikemn.um-shongly

swmh‘mppose that bo\‘.hmre nts had been

New Phil. Journal, fhiamnh!mei-mtml,nnlyhxpep

8 v & Ao o several statements, sco
the bl D, Struthers, in work cited, cspo-
of the hinder foot of the cially on infermissions in the line of

1863, . 97. With respect to inheritance,
see Dr. Prosper Lucas, ‘I Heredité Nat.,
fom. i. p. 825. Tsid. Geoffroy, * Anom.”
tom. i p. 701 Sir A. Carlisle, in ¢ Phil.
Tmnnnt, 1814, p. 94, A. Walker, on

) 1838, p. 140, gives a
uae of five generations: as docs M.
arpus  Sedgwick, in  Brit. and Foreign Medico-
1804, 5. 63), concludes that  Chirurg. Review, April, 1805, . 462.
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Additional digits have been observed in negroes as well as in ofher races
of man, and in several of the lower animals. - Six toes have been described *
on the hind feet of the newt (Sulamandra. cristata), and, as it is said, of
the frog. It deserves notice from what follows, that the six-toed newt,
though adult, had preserved some of its larval characters; for part of the
hyoidal apparatus, which is properly absorbed during the act of meta-
‘morphosis, was retained. Tn the dog, six toes on the hinder fect have been
transmitted through threo generations; and T have heard of & race of six-
toed cats. In several breeds of the fowl the hinder toe is double, and is
generally transmitted truly, as is well shown when Dorkings are crossed
with common four-toed breeds With animals which have properly
less than fivo digts, the number is sometimes increased to five, especially
in the front legs, though rarely carried beyond that number: but this
is due to the development of a digit already existing in a more or less
rudimentary state. Thus the dog has properly four toes behind, but in
the larger breeds a fifth too is commonly, though mot perfectly, deve-
loped. Horses, which properly have one toe alone fally developed with
rudiments of tho others, havo been deseribod with each foot bearing
£wo or three small separate hoofs : analogous facts have been noticed with
sheep, goats, and pigs.®

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

On the inberitance of other anomalies in
the extremities, sce Dr. H. Dobell, in vol.
xlvi. of * Medico-Chirurg. Transactions,”
1863; also Mr. Sedgwick, in op. cit.,
April, 1863, p. 460. With respect to
additional digits in the negro, seo
Prichard, Physical History of Man-
kind' Dr. Dieffenbach (* Journ. Royal
Geograph. Soc,’ 1841, p. 208) says
this anomaly is not uncommon with the

Polynesians of the Chatham Tslands.
# ¢The Poultry Chronicle, 1854, p.
559,

¥ The statements in this paragraph
are taken from Isidore Geoffroy St.
Hilaire, ¢ Hist. des Anomalies,’ tom. i.

ted by Carpenter, *Princ.
of Comp. Physiology,’ 1854, p. 480,
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fourteen children, of whom three have inherited additional

one of them, when abgut six weeks old, was operated on by

 surgeon. The additional finger, which was attached by bone
the hand,

dinally the hand or foot, and in oneinstance three additional
formed.® These latter cases appear at first sight quite

n the congenital production of additional digits in the higher
ically, as we shall sce in a future chapter, they pro-

it no real difference. The larvee or tadpoles of the tailless
but not the adults¥ are capable of reproducing lost
Lastly, as T have been informed by Mr. J. J. Briggs and Mr.
when portions of the pectoral and tail fins of various fresh-

7 So with insects, the larve re-
produce lost limbs, but, except in ono
order, the mature insect bas no such
power. But tho Myriapoda, which np-
parently represent tho larvio of truo
insccts, have, as Newport has shown, this
power until their last moult. See en
excellent discussion o this whole
subject by Dr, Carpenter in his *Princ,
Comp. Ph . 479.

. i, 1866, p. 567.
Spallanzani has made similar observa-
tions,
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water fish ate cut off, they are perfectly reproduced in about six weeks' -
time.

From these several facts we may infer that supernumerary
digits in man retain to a certain extent an embryonic condi-
tion, and that they resemble in this respect the normal digits
and limbs in the lower vertebrate classes. They also resemble
the digits of some of the lower animals in the number exceeding
five ; for no mammal, bird, existing reptile, or amphibian (unless
the tubercle on the hind feet of the toad and other tailless
Batrachians be viewed as a digit) has more than five; whilst
fishes sometimes have in their pectoral fins as many as twenty
metacarpal and phalangeal bones, which, together with the bony
filaments, apparently represent our digits with their nails, So,
again, in certain extinct reptiles, namely, the Ichthyopterygia,
“ the digits may be seven, eight, or nine in number, 4 significant
mark,” says Professor Owen, %of piscine affinity.” ®

‘We encounter much difficulty in attempting to reduce these
various facts to any rule or law. The inconstant number of
the additional digits—their irregular attach to either the
inner or outer margin of the hand—the gradation which can
be traced from a mere loose rudiment of a single digit to a
completely double hand—the oceasional appearance of addi-
tional digits in the salamander after a limb has been ampu-
tated—these various facts appear to indicate mere fluctuating
monstrosity ; and this perhaps is all that can be safely said.
Nevertheless, as supernumerary digits in the higher animals, from
their power of regrowth and from the number thus acquired
exceeding five, partake of the nature of the digits in the lower
vertebrate animals;—as the,- occur by 1o means rarely, and aro
transmitted with remarkable . trength, though perhaps not more
strongly than some other aiomalies;—and as with animals
which have fewer than five digits, when an additional one
appears it is generally due to the development of a visible
rudiment ;—we are led in all cases to suspect, that, although no
actual rudiment can be detected, yet that a latent tendency to
the formation of an additional digit exists in all mammals, in-
cluding man.  On this view, as we shall more plainly see in the

* <On the Anatomy of Vertebrates,” 1866, p. 170 : with respect fo tho pectoral
fins of fishes, pp. 166-168,
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chapter when discussing latent tendencies, we should have
at the whole case as one of reversion to an enormously
Ly it .

frequently affected, often at about the same age, by the
me peculiar disease, not known to have previously occurred in
family. He specifies the oceurrence of diabetes in three
under ten years old; he also remarks that children of
ie family often exhibit in common infantile diseases the
iliar symptoms. My father mentioned to me the case
who died between the ages of sixty and seventy,
peculiar comatose state. An instance has
given of supernumerary digits appearing in four
e out of six in a previously unaffected family. Dr.
states* that two brothers married two sisters, their first-
none of the four nor any relation being an albino;
3 he seven children produced from this double marriage were
all perfect albinoes, Some of these cases, as Mr. Sedgwick #

~ has shown, are probably the result of reversion to a remote
ancestor, of whom no record had been preserved; and all these
cases are so far directly connected with inheritance that no doubt
the children inherited a similar constitution from their parents,
. and, from being exposed. to nearly similar conditions of life, it
8 not surprising that they should be affected in the same manner
- and at the same period of life, 2

Most of the facts hitherto given have served to illustrate the
~ force of inheritance, but we must now consider cases, grouped as
 well as the subject allows into classes, showing how feeble, capri-
 cious, or deficient the power of inheFitance sometimes is, When
new peculiarity first appears, we can never predict whether it
will be inherited. If both parents from their birth present
o “Medioal Notes and Reflections,  sanguins, 2nd edit, 1862, p. 105,
1839, pp. 24, 34, Dr. P, # British and Foreign Medico-
Lucas,  tom. ii. p. 33, Chirurg. Review,” July, 1863, pp. 183,
i 189,

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

The weeping or pendulous growth of trees is strongly inherited in somo
cases, and, without any assignable reason, feebly in other cases. I have
selected this character as an instance of capricious inheritance, becauso it
is certainly not proper to the parent-species, and because, both sexes
being borne on the same tree, both tend to transmit the same character.
Even supposing that there may have been in some instances crossing with
adjoining trees of the samo,specics, it is not probable that all the sced-
lings would have been thus affected. At Moceas Court there is a famous
weeping oak; many of its branches “are 30 feet long, and no thicker in
any part of this length than a common ropo:” this tree transmits its weep-
ing character, in a greater or less degree, to all its seedlings; some of the
young oaks being so flexible that they have to be supported by props;
others not showing the weeping tendency till about twenty years old.+
Mr. Rivers fertilized, as he informs mo, the flowers of a new Belgian
weeping thorn (Crategus ozycantha) with pollen from a erimson not-weeping
variety, and three young trees, “now six or seven years old, show a decided
tendency to be pendulous, but as yet are not so much so as the mother-
plant.”  According to Mr. MacNab,* scedlings from a magnificent weeping
bireh (Betula alba), in the Botanic Garden at Edinburgh, grew for the first
ten or fifteen years upright, but then all became weepers like their parent.
A peach with pendulous branches, like those of the weeping willow, has
been found capable of propagation by seed.# Lastly, a weeping and almost
prostrate yow ( Tuzus baccata) was found in a hedge in Shropshire; it was
a male, but one branch bore female flowers, and produced berries; these,

# Verlot, ‘LaProduction des Variétés, 4 Verlot, * La Product. des Varidtés,”
1865, p. 52. p.

“ Loudon's *Gard. Mag,’ vol. xii, % Bronn's ‘Geschichte der Natur,
1836, p. 368. b.ii. s, 121,
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produced seventeen trees, all of which had exactly the same
with the parent-tree.”

, it might have been thought, would have been sufficient
it probablo that a pendulous habit would in all cases bo
inherited. But let us look to the other side. Mr. MacNab®
the weeping beoch (#ugus syloatica), but succeeded in raising
beeches. Mr. Rivers, at my request, raised a number of
from threo distinet varieties of weeping elm; and at least ono

-trees was so situated that it could not have becn crossed by

of & pendulous habit, is that a varicty of
Entiscifolia) which was formerly pendulous,
old, has long lost this habit, every shoot being

ings formerly raised from it were perfoctly

showing how apparently capricions
the seedlings from a varicty of tho Bar-

of the seedlings of
ety of Cornus mascula, with yellow fruit, came true : and lastly, all
ecs raised by my father from a yellow-berried holly (7lez aguifolium),

W. A Leighton, ‘Flora of Eoudon’s *Gard. Magazino,’ vol. x.,
hire, p. 497 ; and Charleswortl's 1534, pp. 408, 180 ; and. vol. ix, 1833,
of Nat. Hist.’ vol. i, 1837, p. p. 597.

# These statements are taken from
Alph. De Candolle, * Bot. Géograph.,”

these several statements, see  p. 1083,

c2
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found wild, produced yellow berries. Vilmorin® observed in a bed of
Saponaria, calabrica an extremely dwarf varicty, and raised from it a large
number of seedlings; some of these partially resembled their parent, and
e selected their seed ; but the grandchildren were not in the least dwarfed :
on the other hand, he observed a stunted and bushy variety of Tagetes
signata_growing in the midst of the common varicties by which it was
probably crossed; for most of the seedlings raised from this plant were
intermediate in character, only two perfectly resembling their parent; but
seod saved from these two plants reproduced the new variety so truly,
that hardly any selection has since been necessary.

TFlowers transmit their colour truly, or most capriciously.” Many an-
nuals come true: thus I purchased German seeds of thirty-four named
sub-varieties of one race of ten-week stocks (Matthiola annua), and raised
a hundred and forty plants, all of which, with the excoption of a singlo
plant, came true. In saying this, however, it must be understood that T
could distinguish only twenty kinds out of the thirty-four named sub-
varieties; nor did the colour of the flower always correspond with the
namo affixed o the packet; but T say that they camo true, bocause in
each of the thirty-six short Tows every plant was absolutely alike, with the
one single exception. - Again, I procured packets of German seedl of twenty-
five named varieties of common and quilled asters, and raised a hundred
and twenty-four plants; of these, all except ten were true in the above
limited sense ; and I considered even a wrong shade of colour as false.

1t is a singular circumstance that white varicties generally transmit their
colour much more truly than any other variety. This fact probably stands
in close relation with one observed by Verlot, namely, that flowers which
are normally white rarely vary into any other colour. I have found that
the white varieties of Delphinium consolida and of the Stock are the truest,
Tt is, indeed, sufficient to look through a nurseryman’s seed-list, to seo the
Iarge number of white varicties which can be propagated by sced. The
several coloured variotios of the sweet-pea (Lathyrus odoratus) are very
true; but I hear from Mr. Masters, of Canterbury, who has particularly
attended to this plant, that the white variety is the truest. The hyacinth,
when propagated by seed, is extremely inconstant in colour, but “ white
hyacinths almost always give by sced white-flowred plants;”® and Mr.
Masters informs me that the yellow varieties also reproduce their colour,
but of different shades. On the other hand, pink and blue varieties, the
Intter being the natural colour, are nob nearly so true : hence, as Mr. Masters
has remarked to me, “we sco that a garden variety may acquire a more
permanent habit than a natural species;” but it should have been added,
that this occurs under cultivation, and thereforo under changed conditions.

‘With many flowers, especially perennials, nothing can be moro fluctuating
than the colour of the seedlings, as is notoriously the case with verbenas,
camnations, dablins, cinerarias, and others™ I sowed seed of twelve

§1 Verlot, op. cit, p. 38. # See * Cottage Gardener,’ April 10,
52 Op, cit, p. 59. 1860, p. 18, and Sept. 1o, 1ecl, oy
 Alph. Do Candolle, * Géograph. ¢ Gard. Chron,’ 1845, p.

Bot,’ p. 1082.
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es of Snapdragon (Antirrhinum majus), and utter confusion
result. In most cases the extremely fluctnating colour of seedling
‘probably in chief part due to crosses between differently-coloured
« previous generations. It is almost certain that this is
‘with the polyanthus and coloured primrose (Primula veris and
s), from their reciprocally dimorphic structure;® and these aro
 which florsts speak of as never coming truo by seed : but if care bo
revent i ither species is by any means very inconstant
~three plants from a purple primrose, for-
own pollen, and eighteen came up purple of
and only five reverted to the ordinary yellow colour:
‘plants from a bright-red cowslip, similarly treated

‘one perfectly resembled its

n of a single plant, 73

any other plant known to me; yet on procuring
d German varieties of . consolida, only nine plants out of
re false; and the seedlings of six varieties of . ajucis wero
degree as with the stocks ab a4
‘maintains that the annual species of Delphinium are
I may mention that thirty-two flowers
Lof D. consolida,

 enclosed in a net, yielded twenty-seven capsules,
of 17-2 seed in each; whilst five flowers, under the same
i ised, in the same manner as must bo

3 other flowers, such as carna-
the varieties fluctuate much in colour.

rents : ieth and Ammon assert that, after two gencrations,
f a uniform colour are produced with certainty.®

a few rare cases peculiarities fail to be inherited, apparently
the force of inheritance being too strong. I have been
by breeders of the canary-bird that to get a good jonquil-
% Darwin, in ¢ Journal of Proc. Linn. Soc. Bot.,’ 1862, p. 94.

% Hofacker, * Ucber die Bigenschaften,’ &c., 5. 10.
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coloured bird it does not answer to pmr two jonquils, as the
colour then comes out too strong, or is even brown. So again,
if two crested canaries are paired, the young birds rarely inherit
this character : " for in crested birds a narrow space of bare skin
is left on the back of the head, where the feathers are up-turned
to form the crest, and, when both parents are thus characterised,
the bareness becomes excessive, and the crest itself fails to be
developed. Mr. Hewitt, speaking of Laced Sebright Bantams,
says® that, “ why this should be so, I know not, but I am con-
fident that those that are best laced frequently produce offspring
very far from perfect in their markings, whilst those exhibited
by myself, which have so often proved successful, were bred
from the union of heavily-laced birds with those that were
scarcely sufficiently laced.”

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

With respect to the inheri il; by
injuries or altered by disease it is dlﬁcul(: to come to any

" Bechstein, ¢ Naturgesch. Deutsch-  Tegetmeier, 1866, p. 245.
lands, b iv. s. 462, Mr. Brent, a great _ ® British and Foreign Med.-Chirurg,
breeder of canaries, informs mo that Review, July, 1861, pp. 200204, Mr.
ho belicves that theso statements are  Sedgwick has given such full details on
correct. this subject, with amplo references, that
# «The Poultry Book, by W. B. I need refer to no other authoritics.
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conclusion. In some cases mutilations have been prac-
‘a vast number of generations without any inherited result.
has remarked® that different races of man have from
emorial knocked out their upper incisors, cut off joints
fingers, made holes of immense size through the lobes of
ears or through their nostrils, made deep gashes in various
 of their bodies, and there is no reason whatever to suppose
wtilations have ever been inherited. Adhesions

a n and pits from the small-pox (and formerly
generations must have been thus pitted)
‘With respect to Jews, T have been assured
of the Jewish faith that circumeision,
d for so many ages, has produced no
mbach, on the other hand, asserts® that
s are often born in a condition rendering cir-
ficult, so that a hame is there applied to them
born circumeised.” The oak and other trees must
galls from primeval times, yet they do not pro-
d excrescences; many other such facts could be

the other hand, various cases have been recorded of cats,
and horses, which have had their tails, legs, &c., amputated
red, producing offspring with the same parts ill-formed ;
is not at all rare for similar malformations to appear
spont: ;, all such cases may be due to mere coincidence.
Ne Dr. Prosper Lucas has given, on good authorities,
 such a long list of inherited injuries, that it is diffcult not to
1 e in them. Thus, a cow that had lost a horn from an
accident with consequent suppuration, produced three calves
were hornless on the same side of the head. With the
e, there seems hardly a doubt that bony exostoses on tho
caused by too much travelling on hard roads, are inherited.
n records the case of & man who had his little finger
the right hand almost cut off, and which in consequence
ew crooked, and his sons had the same finger on the same
similarly crooked. A soldier, fifteen years before his
lost his left eye from purulent ophthalmia, and his

% Do IEspiee; tom. i, 1859, p. 299,
- @ «Philosoph. Magazine,” vol. iv,, 1799, p. 5.
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two sons were microphthalmic on the same side.* In all such
cases, if truthfully reported, in which the parent has had an
organ injured on one side,’and more than one child has been
born with the same organ affected on the same side, the chances
against mere coincidence are enormous. But perhaps the most
remarkable and trustworthy fact is that given by Dr. Brown-
Séquard,” namely, that many young guinea-pigs inherited an
epileptic tendency from parents which had been subjected to
a particular operation, inducing in the course of a few weeks
a convulsive disease like epilepsy: and it should be especially
noted that this eminent physiologist bred a large number of
guinea-pigs from animals which had not been operated on, and
not one of these manifested the epileptic tendency. On the
whole, we can hardly avoid admitting, that injuries and muti-
lations, especially when followed by disease, or perhaps exclu-
sively when thus followed, are occasionally inherited. 1

Although many congenital monstrosities are inherited, of
which examples have already been given, and to which may
be added the lately recorded case of the transmission during
a century of harelip with a cleft-palate in the writer’s own
family,* yet other malformations are rarely or never inherited.
Of these latter cases, many are probably due to injuries in the
womb or egg, and would come under the head of non-inherited
injuries or mutilations. With plants, a long catalogue of in-
herited monstrosities of the most serious and diversified nature
could easily be given; and with plants, there is no reason
to suppose that monstrosities are caused by direct injuries to
the seed or embryo.

Causes of Non-inheritance.

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

2 This lnst caso is quoted by Mr,
Sedgwick in British and Foreign
Medico-Chirurg. Review,’ April, 1861,
p. 484, For Blumenbach, see above-
cited paper. Sce, also, Dr. P. Tucas,
“Traité de 'Héréd, Nat.’ tom. ii. p.
492. Also *Transact. Linn. Soc.,” vol.
ix. p. 823, Some curious cases aro given

by Mr. Baker in ¢ The Veterinary, vol.
xiii. p. 723, Another curious case is
given in the * Annales des Scienc. Nat,,”
1st series, tom. xi. p. 824

© ‘Proc. Royal Soc,’ vol x. p.
297,
 Mr. Sproule, in “British Modical
Journal,’ April 18, 1863,
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it is overborne by hostile or unfavourable conditions of life.

one would expect that our improved pigs, if forced during
veral generations to travel about and root in the ground for
own subsistence, would transmit, as truly as they now do,
tendency to fatten, and their short muzzles and legs. Dray-
assuredly would not long transmit their great size and
limbs, if compelled to live on a cold, damp mountainous
5 we have indeed evidence of such deterioration in the
es which have run wild on the Falkland Islands. European
s in India often fail to transmit their true character. Our
tropical countries lose their wool in a few generations.
also to be a close relation between certain peculiar
d the inheritance of an enlarged tail in fat-tailed sheep,
‘one of the most ancient breeds in the world. With
we seen that the American varieties of maize lose
character in the course of two or three generations,
cultivated in Europe. Our cabbages, which here come so
by seed, cannot form heads in hot countries. Under changed
periodical habits of life soon fail to be transmitted,
~ as the period of maturity in summer and winter wheat, barley,
‘and vetches. 8o it is with animals; for instance, a person
whose statement I can trust, procured eggs of Aylesbury ducks
from that town, where they are kept in houses and are reared
as early as possible for the London market; the ducks bred from
these eggs in a distant part of England, hatched their first brood
on January 24th, whilst common ducks, kept in the same yard
and treated in the same manner, did not hatch till the end of
March ; and this shows that the period of hatching was mhemted
Bl!tﬂle dchildren of these Aylesbury ducks 1
lost their early habit of incubation, and hatched their eggs at
the same time with the common ducks of the same place.

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

Conclusion.

It has, I think, been shown in the early part of this chapter
how strongly new characters of the most diversified nature,
whether normal or abnormal, injurious or beneficial, whether

. affecting organs of the highest or most trifling importance,
are inherited. Contrary to the common opinion, it is often
sufficient for the inheritance of some peculiar character, that one
parent alone should possessit, as in most cases in which the rarer

 Downing, * Fruits of America,’ p. 5; Sageret, < Pom. Phys.,’ pp. 43, 72.
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itted. But the power of transmission
m in a number of individuals descended
,)lnm, and treated in the same Ianner, some
in a perfect manner, and in some it is
; and for this difference no reason can be assigned.
the effects of injuries or mutilations apparently
we shall see in a future chapter that the
ued use and disuse of parts are oer-

which are

of life incessantly inducing fresh

crossing of distinet varieties during
tion, together with reversion or atavism—
in the child to resemble its grand-parents
e ancestors instead of its immediate parents.
will be fully discussed in the following

BIOLOGICAL. u.—_fnRTMElﬂ'.
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CHAPTER XIIL

INHE continued — OR ATAVISM.

DIFFERENT FORMS OF REVERSION — IN PURE OR UNCROSSED BREEDS, AS IN PIGEONS,
FOWLS, HORNLESS CATTLE AND SHEEP, IN CULTIVATED PLANTS — REVERSION IN
FERAL ANIMALS AND PLANTS — REVERSION IN CROSSED VARIETIES AND SPECTES —
REVERSION THROUGH BUD-PROPAGATION, AND BY SEGMENTS IN THE SAME FLOWER
OR FRUIT — IN DIFFERENT PARTS OF THE BODY IN THE SAME ANIMAL — THE
ACT OF CROSSING A DIRECT CAUSE OF REVERSION, VARIOUS CASES OF, WITH
INSTINCTS — OTHER PROXIMATE OAUSES OF REVERSION — LATENT CHARACTERS
— SECONDARY SEXUAL CHARACTERS — UNEQUAL DEVELOPMENT OF THE TWO
SIDES OF THE BODY — ADVANCING AGE OF DERIVED,
FROM A CROSS — THE GERM WITH ALL ITS LATENT CHARACTERS A WONDERFUL
OBJECT — MONSTROSITIES — FELORIC FLOWERS DUE IN SOME CASES TO REVERSION.

THE great principle of inheritance to be discussed in this
chapter has been recognised by agriculturists and authors of
various nations, as shown by the scientific term Atavism, derived
from atavus, an ancestor; by the English terms of Reversion, or
Throwing back; by the French Pas-en-arridre; and by the
German Riick-schlag, or Rick-schritt. 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 we
must attribute the latter case to the descent of all the members
from a common progenitor,—we feel a just degree of astonish-
ment. When one parent alone displays some newly-acquired
and generally inheritable character, and the offspring do not
inherit it, the cause may lie in the other parent having the
power of prepotent transmission. But when both parents are
similarly characterised, and the child does not, whatever the cause
may be, inherit the character in question, but resembles its grand-
parents, 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
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- the son moré closely resembles his maternal than his paternal
grandsire 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 the mother cannot possess or exhibit such male
attributes, yet the child has inherited them, through her blood,
from his maternal grandsire.

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

Reversion to lost Characters by pure or uncrossed forms.—
Striking instances of this first class of cases were given in the
sixth chapter, namely, of the occasional reappearance, in variously-
coloured pure breeds of the pigeon, of blue birds with all the
marks which characterise the wild Columba livia. Similar cases
were given in the case of the fowl. With the common ass, as we
now know that the legs of the wild progenitor are striped, 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 to these cases, and therefore
will here pass them over.

The aboriginal species from which our domesticated cattle and
sheep are descended, no doubt possessed horns ; but several horn-
less breeds are now well established. Yet in these—for instance,
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in Southdown sheep—¢it is not unusual to find among the male
lambs some with small horns.” The horns, which thus occa-
sionally reappear in other polled breeds, either “grow to the
“full size, or are curiously attached to the skin alone and
hang “1loosely 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
born.?

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 de-
seribed by several ancient authors as being black, red, or tawny.*
At the present day, notwithstanding the great care which is
taken to prevent it, particoloured lambs and some entirely
black are occasionally dropped by our most highly improved
and valued breeds, such as the Southdowns. Since the time of
the famous Bakewell, during the last century, the Leicester sheep
have been bred with the most scrupulous care; yet occasionally
grey-faced, or black-spotted, or wholly black lambs appear* This
oceurs still more frequently with the less improved breeds, such
as the Norfolks.* Asbearing on this tendency in sheep to revert
to dark colours, I may state (though in doing so I trench on
the reversion of crossed breeds, and likewise on the subject of
prepotency) that the Rev. W. D. Fox was in formed that seven
white Southdown ewes were put to a so-called Spanish ram,
which had two small black spots on his sides, and they produced
thirteen lambs, all perfectly black. 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 pro-
duce black lambs: he has gone on recrossing these crossed
sheep with pure white Leicesters during three successive gene-

3 Youatt on Sheep, pp. 20,234, The
same fact of loose homs occasionally
appearing in hornless breeds has been
observed in Germany : Bechstein,
* Naturgesch. Deutschlands,’ b. i s. 362.

* 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. Wilmot : sce,
also, remarks on this subject in an
original article in the *Quarterly
Review,” 1849, p. 395.

# Youatt,

234,
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rations, but always with the same result. Mr. Fox was also

 told by the friend from whom the spotted breed was procured,

that he likewise had gome on for six or seven generations

crossing with white sheep, but still black lambs were invariably
uced.

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

Analogous cases of reversion ocour in the vegetable kingdom ;
thus “ from seeds gathered from the finest cultivated varieties of
Heartsease (Viola tricolor), plants perfectly wild both in their
foliage and their flowers are frequently produced;”” but the
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 cultivated vegetables there is
some tendency to reversion to what is known to be, or may be
presumed to be, their aboriginal state ; and this would be more
evident if gardeners did not generally look over their beds of
seedlings, and pull up the false plants or “rogues” as they aro
called. Tt bas already been remarked, that some few seedling
apples and pears generally resemble, but apparently are not
identical with, the wild trees from which they are descended.
In our turnip* and carrot-beds a few plants often “break "—
that is, flower too soon; and their roots are generally found to
be 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;®

© ¢Tho Poultry Book,” by Mr. Teget- perienco on this subject, has likewiso
‘meier,’ 1866, p. 231 assured mo that this sometimes occurs,

7 Loudon’

’s ‘ Gard. Mag.,’ vol. x., 1834, 8 “Gardener’s Chron.,” 1855, p. 777.
“p. 896 a nurseryman, with much ex-  © Thid,, 1862, p. 721.
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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.—TIn
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 feral
animals and plants invariably return to their primitive specific
type. It is curious on what little evidence this belief rests.
Many of our domesticated animals could not subsist in a
wild state; thus, the more highly improved breeds of the
pigeon will not “field” or search for their own food. Sheep
have never become feral, and would be destroyed by almost every
beast of prey. In several cases we do not know the aboriginal
parent-species, and cannot possibly tell whether or not there has
been any close degree of reversion. It is not known in any
instance what variety was first turned out; several varieties
have probably in some cases run wild, and their crossing alone
would tend to obliterate their proper ck Our domesticated
animals and plants, when they run wild, must always be exposed
to new conditions oflife, for, as Mr. Wallace has well remarked,
they have to obtain their own food, and are exposed to com-
petition with the native productions. Under th
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; though this’
tendency has been much exaggerated by some authors,

10 See some excellent remarlss on this subjoct by M. Wallace, “Journal Proc.
Linn, Soc,’ 1858, vol. iii. p. 60.
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- Twill briefly ran through the recorded cases. With neither horses nor
cattlo is the primitive stock known; and it has been shown in former
chapters that they have assumed different colours in different countries.
. Thus the horses which have run wild in South America are generally
 brownish-bay, and in the East dun-coloured ; their heads have become larger
- and coarser, and this may be due to reversion. No careful description has
been given of the feral goat. Dogs which have run wild in various coun-
tries have hardly anywhere assumed a uniform character; but they aro
Probably descended from several domestic races, and aboriginally trom
several distinct species. Feral cats, both in Europe and La Plata, aro
. regularly striped; in some cases they have grown to an unusually large
 size, but do not differ from the domestic animal in any other character.
When variously-coloured tame rabbits aro turned out in Europe, they
generally reacquire the colouring of the wild animal; there can be no doubt
 that this ; but we should that oddly-coloured and
conspicuous animals would suffer much from beasts of prey and from being
casily shot; this at least was the opinion of a gentloman who tried o stock
his woods with @ nearly white variety; and when thus destroyed, they
would in truth be supplanted by, instead 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 cha-
zacters. The best known case of reversion, and that on which tho widely-
spread belief in its universality apparently rests, is that of pigs. Theso
~ animalshave run wild in the West Indics, South America, and the Falkland
Islands, and have everywhere acquired the dark colour, the thick bristles,
and great tusks of the wild boar; and tho young have reacquired longi-
fudinal stripes. But even in the case of the pig, Roulin describes tho
half-wild animalsin different parts of South America as differing in several
In Louisiana the pig™ has run wild, and is said to differ a littlo
in form, and much in colour, from the domestic animal, yet docs not closely
zesemble the wild boar of Europe. With pigeons and fowls,” it is not
Jnown what variety was first turned out, nor what character the foral
birds have assumed. The guinea-fowl in the West Indics, 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 belicf in their power of reversion rests.
Godron™ describes wild turnips, carrots, and celery; but these plants in
their cultivated state hardly differ from their wild prototypes, except in the

! Dureau do Ia Malle, in *Comptes  that it did not appear to mo worth
Rendus,” tom. xli., 1855, p. 807. From copying; but T now find that Durcan
the statements above given, the author  de la Malle (*Comptes Rendus, tom.
‘coucludes that the wild pigs of Lovisiana. ~ x1i, 1855, p. 690) advances this us o
are not descended from the European  good instance of reversion to the primi-
Sus scrofa. tive stock, and as confirmatory of o
2 Capt. W. Allen, in his * Expedition  still more vague statement in classical
tothe Niger,” states that fowls have run  times by Varro.

wild on the island of Annobon, and ' ‘Flora of Australia,’ 1859, Tntro-
Dave become modified in form and voice.  duct, p. ix.

account is so mengre and vague M ‘Del'EspRee, tom. . pp. 54, 58, 60

VOL. 11, b
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succulency and enlargement of certain parts,—characters which would be
surely lost by plants growing in a poor soil and struggling with other
planis.  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 bo prickly like its
American descendant, or whether it differs from the wild Mediferranean
specics, which is said not to be social, Ido not know.

Reversion to Characters derived from a Cross, in the case of
Sub-varieties, Races, and Species—When an individual having
some recognizable 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 dis-
position, or in so small and complex a character as expression,
one of their grandparents, or some more distant collateral
relation. Very many anomalies of structure and diseases,®
of which instances have been given in the last chapter, have
come into a family from one parent, and have reappeared
in the progeny after passing over two or three generations.
The following case has been communicated to me on good
authority, and may, I believe, be fully trusted: a pointer-bitch
produced seven puppies; four were marked with blue and
white, which is so unusual a colour with pointers that she was
thought to have played false with one of the greyhounds, and
the whole litter was condemned ; but the gamekeeper was per-
mitted to save 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
close inquiry, and it was proved that he was the great-great-
grandson of Sappho; so that, according to the common expres-
sion, he had only 1-16th of her blood in his veins. Here it can
hardly be doubted that a character derived from a cross with
an individual of the same variety reappeared after passing
over three generations.

1 Mr, Sedgwick gives many instances in the ‘British and Foreign Med.
Chirurg. Review, April and July, 1863, pp. 448, 188
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When two distinct races are crossed, it is notorious that
the tendency in the offspring to revert to one or both parent-
forms is strong, and endures for many generations. I have
myself seen the clearest evidence of this in crossed pigeons
and with various plants. M. Sidney * states that, in a litter of

Pigs, two young ones appeared which were the image
of the Berkshire boar that had been used twenty-eight years
befor in giving size and constitution to the breed, T observed
in the farmyard.at Betley Hall some fowls showing a strong
likeness to the Malay breed, and was told by Mr. Tollet that
he had forty years before crossed his birds with Malays; and

" that, though he had at first attempted to get rid of this strain,
he had subsequently given up the attempt in despair, as the

Malay character would reappear.
This strong tendency in crossed breeds to revert has given
rise to endless di ions in how many ions after a

single cross, either with a distinct breed or merely with an
inferior animal, the breed may be considered as pure, and freo
from all danger of reversion. No one supposes that less than
three generations suffices, and most breeders think that six,
seven, or eight are necessary, and some go to still greater
lengths”  But neither in the case of a breed which has been
 contaminated by a single cross, nor when, in the attempt to form
an intermediate breed, half-bred animals have been matched
together during many generations, can any rule be laid down how
soon the tendency to reversion will be obliterated. It depends
on the difference in the strength or prepotency of transmission
in the two parent-forms, on their actual amount of difference,
and on the nature of the conditions of life to which the crossed
offspring are exposed. But we must be careful not to confound
~ these cases of reversion to characters gained from a cross, with
those given under the first class, in which characters originally
common to doth parents, but lost at some former period, re-
appear; for such characters may recur after an almost indefinite
number of generations.
= In his edit. of * Youstt on the Pig,'  articlo on this subjeot in * Gard, Cho-
1860, p: 27. nicle,’ 1856, p. 620. T could add o vast
¥ Dr. P. Lucns, * Héréd. Nat., fom.  mmber of roferences, but they would
il pp. 814, 892 sec a good practical  bo superfluous,
D 2
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The law of reversion is equally powerful with hybrids, when
they are sufficiently fertile to breed together, or when they
are repeatedly crossed with either pure parent-form, as with
mongrels. It is not necessary to give instances, for in the
case of plants almost every one who has worked on this subject
from the time of Kolreuter to the present day has insisted on this
tendency. Giirtner has recorded some good instances; but no
one has given more striking cases than Naudin.® The ten-
dency differs in degree or strength in different groups, and
partly depends, as we shall presently see, on the fact of the
parent-plants having been long cultivated. ~Although the ten-
dency to reversion is extremely general with nearly all mongrels
and  hybrids, it cannot be considered as invariably charac-
teristic of them; there is, also, reason to believe that it may
be mastered by long-continued selection; but these subjects
will more properly be discussed in a future chapter on Crossing.
From what we see of the power and scope of reversion, both in
pure races and when varieties or species are crossed, we may
infer that characters of almost every kind are capable of reap-
pearance 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 trans-
mission. In some few cases 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 Reversion, by seg-
ments in the same flower or fruit, or in different parts of the

18 Kilreuter gives cases in his ‘Dritte p. 485. Dr. H. Dobell, in ‘Med.-

Fortsetzung; 1766, s. 53, 59; and in his
well-known * Memoirs on Lavatera and
Jalapa.  Girmer, ¢ Bastarderzeugung,
s. 437, 441, &. Noudin, in his
“ Recherches sur I'Hybriditc, Nouvelles
Auchives du Muséum, tom. i. p. 25.

1 Quotal by Mr. Sedgwick in
“Med-Chirurg. Review, April, 1861,

Chirurg. Transactions,’ vol. XIvi., gives
an analogous case, in which, in a lurge
family, fingers with thickened joints
were transmitted to several members
during five generations; but when the
blemish once dissppeared it never re-
appeared.
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body in the same individual animal—In the cleventh chapter,
many cases of reversion by buds, independently of seminal
generation, were given—as when a leaf-bud on a variegated,
curled, or laciniated variety suddenly reassumes its proper
character ; or as when a Pi appears on a 3
or a peach on a nectarine-tree. In some of these cases only
half the flower o# fruit, or a smaller segment, or mere stripes,
reassumed their former character ; and here we have with buds
reversion by segments. Vilmorin® has also recorded several
cases with plants derived from seed, of flowers reverting by
stripes or blotches to their primitive colours : he states that in all
such cases a white or pale-coloured variety must first be formed,
and, when this is propagated for a length of time by seed, striped
seedlings ionally make their app 5 and these can
afterwards by care be multiplied by seed.

The stripes and segments just referred to are not due, as far
as is known, to reversion to characters derived from a cross,
but to characters lost by variation. These cases, however, as
Naudin® insists in his discussion on disjunction of character, are
closely analogous with those given in the eleventh chapter, in
which erossed plants are known to have produced half-and-half
or striped flowers and fruit, or distinet kinds of flowers on the
same root resembling the two parentforms. Many picbald
animals probably come under this same head. Such cases,
as we shall see in the chapter on Crossing, apparently result
from certain characters not readily blending together, and, as
a consequence of this incapacity for fusion, the offspring either
perfectly resemble one of their two parents, or resemble one
parent in one part and the other parent in another part;
or whilst young are intermediate in character, but with ad-

_ vancing age revert wholly or by segments to 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

* Verlot, ‘ Des Varictés,” 1865, p. 63.  Rejuvenescence,” Ray Soc,, 1858, p.
2! ¢ Nouvelles Archives du Muséum,’  315) apparently holds o similar
fom. i p. 25. Alex. Braun (in his opinion.
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in crossed plants of Tropeolum, Cereus, Datura, and Lathyrus
are all analogous. As however these plants are hybrids of
the first generation, and as their buds after a time come to
resemble their parents and not their grandparents, these cases
do not at first appear to come under the law of reversion in
the ordinary sense of the word; nevertheless, as the change is
effected through a succession of bud-generat¥ns on the same
plant, they may be thus included.

Analogous facts have been observed in the animal kingdom,
and are more remarkable, as they occur strictly in the same
individual, and not as with plants through a succession of
bud-generations. With animals the act of reversion, if it can
be so designated, does not pass over a true generation, but
merely over the early stages of growth in the same individual.
For instance, I crossed several white hens with a black cock, and
many of the chickens were during the first year perfectly white,
but acquired during the second year black feathers; on the
other hand, some of the chickens which were at first black
became during the second year piebald with white. A great
breeder * says, that a Pencilled Brahma hen which has any of
the blood of the Light Brahma in her, will « occasionally pro-
duce a pullet well pencilled during the first year, but she will
most likely moult brown on the shoulders and become quite
unlike her original colours in the second year.” The same thing
occurs with Light Brahmas if of impure blood. I have observed
exactly similar cases with the crossed offspring from difforently
coloured pigeons. But here is a more remarkable fact: T
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 showed at first not a trace of the frill, but,
after moulting thrice, a small yet unmistakably 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.

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

2 Mr. Techay, in * The Poultry Book,” by Mr. Tegetmeier; 1866, p. 72
# Quoted by Hofacker, * Ueber die Eigenschaften,’ &c., 5. 98,
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former generation; but in the following cases, the characters
~ which thus reappear formerly appertained to the species, and
- were lost at a more or less remote epoch, Thus, according
to Azara,* the calves of a hornless race of cattle which originated
in Corrientes, though at first quite hornless, as they becoms
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 firstrate black bantam has been
described, which during three seasons was perfectly black, but
then annually became more and more red; and it deserves
notice that this tendency to change, whenever it occurs in a
bantam, ¢is almost certain to prove hereditary.”® 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 both kinds of bantams are descended
from this species, we can hardly doubt that the change which
occasionally occurs in the plumage of these birds as their age
advances, results from a tendency in the individual to revert to
the primitive type.

Crossing as a direct cause of Reversion.—1It has long been
notorious that hybrids and mongrels often revert to both or to one
of their parent-forms, after an interval of from two to seven or
eight, or according to some authorities even a greater number
of generations! But that the act of crossing in itself gives an
impulse towards reversion, as shown by the reappearance of
long-lost characters, has mnever, I believe, been hitherto proved.
The proof lies in certain peculiarities, which do not characterise
the immediate parents, and therefore cannot have been derived
from them, frequently appearing in the offspring of two breeds
when crossed, which peculiarities never appear, or appear with
extreme rarity, in these same breeds,as long as they are pre-

* ‘Bssais Hist. Nat. du Paraguay,’  Poultry Book, by Mr. Tegetmeier, 1866,
2

~ tom. ii. 1801, p. 872. P

* These facts aro given on the kigh % *The Poultry Book, by Tegetmeier,
authority of Mr. Hewitt, in ‘The 1866, p. 97.




40 INHERITANCE. Crap. XIIL

cluded from crossing. As this conclusion scems to me highly
curious and novel, I will give the evidence in detail.

My attention was first called to this subject, and T was led to make
numerous experiments, by MM. Boitard and Corbié having stated that,
when they erossed certain breeds, pigeons 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.
Tho hreeds which I crossed, and the remarkable results attained, have
Deen 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 wero continually produced, more or less plainly coloured slaty-
blue, with some or all of the proper characteristic marks. I may recall
to the reader’s memory ono case, namely, that of a pigeon, hardly dis-
tinguishable from the wild Shetland species, the grandchild of a red-spot,
white fantal, and. two black barbs, from any of which, when purely-bred,
the production of a pigeon coloured like the wild C. livia would have been
almost a prodigy.

T was thus lod to make the cxperiments, recorded in the seventh
chapter, on fowls. I sclected long-cstablished, pure breeds, in which thero
was not a traco of red, yet in several of the mongrels feathers of this
colour appeared; and one magnificent bird, the offspring of a_black
Spanish cock and white Silk hen, was coloured almost exactly like the
wild Gallus banliiva. - All who know anything of the breeding of poultry
will admit that tens of thousands of pure Spanish and of pure white Silk
fowls might have been reared without the appearance of a red feather.
The fact, given on the authority of Mr. Tegetmeier, of the frequent
appearance, in mongrel fowls, of pencilled or transversely-barred feathers,
like those common to many gallinaceous birds, is likewiso apparently &
caso of reversion to a character formerly possessed by some ancient pro-
genitor of the family. I owe fo the kindness of this same excellent
observer the inspection of some neck-hackles and tailfeathers from a
hybrid between the common fowl and a very distinct species, the Gallus
varius; and theso feathers are transversely striped in a conspicuous
manner with dark metallic blue and grey, o character which ould not
have been derived from cither immediate parent.

T have been informed by Mr. B. P. Brent, that he crossed a white
Aylesbury drake and a black so-called Labrador duck, both of which
are true breeds, and ho obtained a young drake closely like the mallard
(d. bosclas). Of the musk-duck (. mosclata, Linn.) there are two sub-
Dreeds, namely, white and slate-coloured; and these I am informed breed
true, or nearly true. But tho Rev. W. D. Fox tells me that, by putting
a white drake to a slate-coloured duck, black birds, pied with white, like
the wild musk-duck, were always produced.

We have seen in the fourth chapter, that the so-called Himalayan
Tabbit, with its snow-white body, black ears, nose, tail, and feet, breeds

S
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perfectly true. This race is known to have been formed by the union of
two varieties of silver-grey rabbits. Now, when a Himalayan doe was
erossed by a_sandy-coloured buck, a silver-grey rabbit was produced;
and this is evidently a caso of reversion to one of the parent varietics. Tho
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 dis-
appears; so that here we have a trace of reversion, during an early period
of life, to the parent-yarioties, independently of any recent cross.

In the third chapter it was shown that af an ancient period some breeds
of cattle in the wilder parts of Britain were white with dark ears, and that
the cattle now kept half wild in certain parks, and those which have run
quite wild in two distant parts of the world, are likewise thus coloured.
Now, an experienced breeder, Mr. J. Beasley, of Northamptonshire,”
crossed 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 toa light or yellow shade.
But a considerable number of the offspring—and Mr. Beasley calls atten-
tion to this as a remarkablo fact—were white, or white with red cars.
Bearing in mind that nono of the parents were white, and that they
were purely-bred animals, it s highly probable that here the offspring
Teverted, in consequence of the eross, to the colour either of the abotiginal
parent-species or of some ancient and half-wild parentbreed. The
following case, perhaps, comes under the same head : cows in their natural
state have their udders but little developed, and do not yield nearly so
much milk as our domesticated animals. Now there is some reason to
believe® that cross-bred animals between two kinds, both of which aro
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-coloured; and details were given,
showing that in all parts of the world stripes of a dark colour frequently
appear along the spine, across the legs, and on the shoulders, where they

. are occasionally double or treble, and even sometimes on the faco and
body of horses of all breeds and of all colours. But the stripes appear
most frequently on the various kinds of duns. They may sometimes
plainly be scen on foals, and subsequently disappear. The dun-colour
and the stripes are strongly transmitted when a horse thus characterised
s crossed with any other; but I was not able to prove 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 be considered as o
reversion to the wild parent-form, the Asinus teniopus of Abyssinia,? which
is thus striped. In the domestic animal the stripes on the shoulder are
occasionally double, or forked at the extremity, as in certain zebrine

% ¢ Gardener's Chron. and Agricultural Gazette,’ 1866, p. 528.
= Tbid., 1860, p. 345.  Selater, in ¢ Proc. Zoolog. Soc.,’ 1862, p. 163.
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species. There is renson to believe that the foal is frequently more
plainly striped on the legs than the adult animal. As with the horse,
1 have not acquired any distinct evidence that the crossing of differently-
coloured varieties of the ass brings out the stripes.

But now let us turn to the result of erossing the horse and ass. Although
‘mules are not nearly so numerous in England as-asses, I have scen a much
greater number with striped legs, and with thestripes far more conspicuous
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 particularly liable to be thus striped on their legs. Tn South America,
according to Roulin,® such stripes are more frequent and conspicuous in
the mule than in the ass. In the United States, Mr. Gosse,® speaking of
these animals, says, * that in a great number, perhaps in nine out of every
ten, the legs are banded with transverse dark stripes.”

lany years ago I saw in the Zoological Gardens a curious triple hybrid,
from a bay mare, by a hybrid from a male ass and female zebra. This
animal when old had hardly any stripes; but T was assured by tho
superintendent, that when young it had shoulder-stripes, and faint stripes
on its flanks and legs. I 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 conspicuously striped legs, it might have been
expected that the hybrids from this animal and the common ass would
have had their logs in some degree striped; but it appears from the
figures given in Dr. Gray's *Knowsley Gleanings,” and still more plainly
from that given by Geoffroy and F. Cuvier® that the legs are much
more conspicuously striped than the rest of the body; and this fct is
intelligible only on the belief 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 chesnut, nearly purely-bred, Arabian
mare, by a male quaggn, the stripes were “more strongly defined and
darker than those on the legs of the quagea.” The mare was subse-
quently put to a black Arabian horse, and bore two colts, both of which,
as formerly stated, wero plainly striped on the legs, and one of them
likewiso had stripes on the neck and body.

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

 «History of the Horse,’ p. 212. # ¢ Philosoph. Transact.,’ 1821, p. 20.

# ¢ Mém. présentés par divers Savans Selater, in *Proc. Zoolog. Soc.
a PAcad. Royale, tom. vi. 1835, p. 1862, p. 163 : this species is the Ghor-
838, Khur of N.W. Indin, and has often

3 ‘Letters from Alsbamn,’ 1859, p.  been called the Hemionus of Pallas.

X See, also, Mr. Blyth's excellent paper in

¢ Hist. Nat des Mommiferes 1820,  *Journ. of Asiatic Soe. of Bengal,” vol.
tom. i. xxviil, 1860, p. 220.




Cudp, XIIL REVERSION. 43

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

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

1t would appear that with crossed animals a similar tendency
to the recovery of lost characters holds good even with instincts.
There are some breeds of fowls which are called “everlasting
layers,” because they have lost the instinct of incubation; and
80 rare is it for them to incubate that I have seen notices pub-
lished in works on poultry, when hens of such breeds have
taken to sit® Yet the aboriginal species was of course a good
incubator; for with birds in a state of nature hardly any

# Another species of wild ass, the
true A. hemionus or Kiang, which
ordinarily has no shoulder-stripes, is
sid occasionally to have them; and
these, as with the horse and ass, are
sometimes double: see Mr. Blyth, in
the paper just quoted, and in * Indian
Sporting Review,’ 1856, p. 820; and

Col. Hamilton Smith, in * Nat. Library,
Horses,' p. 318 and * Dict. Class. d'Hist.
Nat, tom. i, p. 563.

7 Figured in the * Gleanings from the
Kuowsley Menageries,’ by Dr. J. E. Gray.

3 Cases of both Spanish and Polish
hiens sitting are given in the * Poultry
Chronicle,” 1855, vol. iii. p. 477.
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instinet is so 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 re-
appearance of this instinct must be attributed to reversion from
crossing. One author goes so far as to say, “that a cross
between two non-sitting varieties almost invariably produces a
mongrel that becomes broody, and sits with remarkable steadi-
ness.”*®  Another author, after giving a striking example,
remarks that the fact can be explained only on the principle
that “two negatives make a positive” It cannot, however, be
maintained that hens produced from a cross between two non-
sitting breeds invariably recover their lost instinct, any more
than that crossed fowls or pigeons invariably recover the red or
blue plumage of their prototypes. I raised several chickens
from a Polish hen by a Spanish cock,—breeds which do not
incubate,—and none of the'young hens at first recovered their
instinct, and this appeared to afford a well-marked exception to
the foregoing rule; but ome of these hens, 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 appearance
with advancing age of a primitive instinct,in the same manner
as we have seen that the red plumage of the Gallus bankiva
is sometimes reacquired by crossed and purely-bred fowls of
various kinds as they grow old.

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

 ¢The Poultry Book, by Mr. Teget-

‘meier, 1866, pp. 119, 163. The author,
who remarks on the two negatives

Polish fowls, are “good and steady
birds to sit” Mr. B. P. Brent informs
me that he mised some good sitting

(“Journ. of Hort.’ 1862, p. 325), states
that two broods were raised from o
Spanish cock and Silver-pencilled Ham-
burgh hen, neither of which are incu-
‘bators, and no less than seven out of
eight hens in theso two broods “ showed
a perfect obstinacy in sitting.” Tho
Rev. E. 8. Dixon (* Ornamental Poultry,”
1848, p. 200) says that chickens reared
from  cross between Golden and Black

hens by erossing Pencilled Hamburgh
and Polish breeds. A eross-bred bird
from a Spanish non-incubating cock and
Cochin incubating hen is mentioned in
the * Poultry Chronicle, vol. fi. p. 13, as
an “ exemplary mother.” On the other
hand, an exceptional case is given in the
“Cottage Gardener, 1860, p. 388, ofa hen
maised from @ Spanish cock and black
Polish hen which did not incubate.
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to such a degree, that the fact is intelligible only on the prin-
ciple that the cross has caused a partial return to the primitive
disposition.

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

On the other hand, mules from the horse and ass are certainly
not in the least wild, yet they are notorious for obstinacy and
vice. Mr. Brent, who has crossed canary-birds with many
kinds of finches, has not observed, as he informs me, that the
hybrids were in any way remarkably wild. Hybrids are often
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
female hybrids exhibited “migratory propensities,” of which
there is not a vestige in the common or musk duck. No case is

4 “The Poultry Book’ by Teget-  * ‘Essays on Natural History,' p.
‘meier,” 1866, pp. 165, 167.

“ §Natural History Review,’ 1863, % As stated by Mr. Orton, in his
Aprl, p. 277. “Physiology of Breeding,' p. 12.
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known of this latter bird having escaped and become wild in
Burope or Asia, except, according to Pallas, on the Caspian
Sea; and the common domestic duck only occasionally becomes
wild in districts where large lakes and fens abound. Never-
theless, a large number of cases have been recorded  of hybrids
from these two ducks, although so few are reared in comparison
with purely-bred Lirds of either species, having been shot in a
completely wild state. It is improbable that any of these
hybrids could have acquired their wildness from the musk-duck
having paired with a truly wild duck; and this is known not
to be the case in North America; hence we must infer that
they have reacquired, through reversion, their wildness, as well
as renewed powers of flight.

These latter facts remind us of the statements, so frequently
made by travellers in all parts of the world, on the degraded
state and savage disposition of crossed races of man. That many
excellent and kind-hearted mulattos have existed no one will
dispute ; and a more mild and gentle set of men could hardly
be found than the inhabitants of the island of Chiloe, who consist
of Indians ingled with iards in various 3
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 N egroes, Indians,
and Spaniards, seldom had, whatever the cause might be, a
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

# M. E. de Selys-Longchamps refers
(*Bulletin Acad. Roy. de Bruxelles,
tom. xii. No. 10) to more than seven of
theso hybrids shot in Switzerland and

(‘ Omitholog. Biography,” vol. iii. p.
168), speaking of theso hybrids, says
that, in North America, they “now

France. M. Deby asserts (‘ Zoologist,
vol. v., 184546, . 1254) that several
have been shot in various parts of
Belgium and Northern France, Audubon

and then wander off and become quite
ild.”
# Journal of Rescarches,’ 1845, p. 71.

* * Expedition to the Zambesi,” 1865,
PP- 25, 150.
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low in the scale, are crossed, the progeny seems to be emi-
nently bad. Thus the noble-hearted Humboldt, who felt none
of that prejudice against the inferior races now so current in
England, speaks in strong terms of the bad and savage disposi-
tion of Zambos, or half-castes between Indians and Negroes ;
and this conclusion has been arrived at by various observers.”
From these facts we may perhaps infer that the degraded state
of so many half-castes is in part due to reversion to a primitive
and savage condition, induced by the act of crossing, as well as
to the unfavourable moral conditions under which they generally
exist,

Summary on the provimate causes leading to Reversion.—When
purely-bred animals or plants reassume long-lost characters,—
when the common ass, for instance, is born with striped legs,
when 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
flowbrs,—we are quite unable to assign any proximate cause,
‘When animals run wild, the tendency to reversion, which,
though it has been greatly exaggerated, no doubt, exists, is
sometimes to a certain extent intelligible. - Thus, with feral pigs,
exposure to the weather will probably favour the growth of the
bristles, as is known to be the case with the hair of other domes-
ticated animals, and through correlation the tusks will tend to

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

It will be shown in a future chapter that the position of
flowers on the summit of the axis, and the position of seeds
within the capsule, sometimes determine a tendency towards
reversion ; and this apparently depends on the amount of sap or
nutriment which the flower-buds and seeds receive. The posi-
tion, also, of buds, either on branches or on roots, sometimes
determines, as was formerly shown, the transmission of the
7 Dr. P. Broca, on * Hybridity in the Genus Homo,’ Eng. translat., 1864, p. 59.
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proper character of the variety, or its reversion to a former
state. 4

We have seen in the last section that when two races or
species are crossed there is the strongest tendency to the re-
appearance in the offspring of long-lost characters, possessed by
neither parent nor immediate progenitor. When two white, or
red, or black pigeons, of well-established breeds, are united, the
offspring are almost sure to inherit the same colours 3 but when
difforently-coloured birds are crossed, the opposed forces of
inheritance apparently counteract each other, and the tendency
which is inherent in both parents to produce slaty-blue offspring
becomes predominant. So it is in several other cases. But
when, for instance, the ass is crossed with A. Indicus or with
the horse,—animals which have not striped legs,—and the hybrids
have conspicuous stripes on their legs and even on their faces,
all that can be said is, that an inherent tendency to reversion
is evolved through some disturbance in the organisation caused
by the act of crossing.

Another form of reversion is far commoner, indeed is almost
universal with the offspring from a cross, namely, to the cha-
racters proper to either pure parent-form. As a general rule,
crossed offspring in the first generation are nearly intermediato
between their parents, but the grandchildren and succeeding
generations continually revert, in a greater or lesser degree,
to one or both of their progenitors. Several authors have main-
tained that hybrids and mongrels include all the characters of
both parents, not fused together, but merely mingled in different
proportions in different parts of the body ; or, as Naudin* has
expressed it, a hybrid is a living mosaic-work, in which tho eyo
cannot, disti sh the discord, letel

elements, so p 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 ing tl Ives into seg in the same flower
or fruit, by a process of self-attraction or self-affinity ; this
segregation taking place either by seminal or by bud-propagation.
Naudin further believes that the segregation of the two specific
elements or essences is eminently liable to occur in the male
and female reproductive matter ; and he thus explains the almost
4 ¢Nouvelles Archives du Muséum,’ fom. i. p. 151,

I




Crae. XIII. : REVERSION. 49

universal tendency to reversion in successive hybrid generations.
For this would be the natural result of the union of pollen and
ovules, in both of which the elements of the same species had
been segregated by self-affinity. If, on the other hand, pollen
which included the elements of one species happened to unite
with ovules including 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
completely separate. How this is possible, and what the term
specific essence or element may be supposed to express, T shall
attempt to show in the hypothetical chapter on pangenesis.

But Naudin’s view, as propounded by him, is not applicable
to the reappearance of characters lost long ago by variation ;
and it is Lardly applicable to races or species which, after having
been crossed at some former period with a distinet form, and
having since lost all traces of the cross, nevertheless occasion-
ally 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 those hybrid plants which are
highly sterile exhibit any tendency to reversion to their parent-
forms. Tt is rash to doubt so good an observer, but this con-
clusion must T think be an error: and it may perhaps be
accounted for by the nature of the genera observed by him,
for he admits that the tendency differs in different genera. The

is also directly dicted by Naudin’s observations,
and by the notorious fact that perfectly fertile mongrels exhi-
bit the tendency in a high degree,—even in a higher degree,
according to Girtner himself, than hybrids.®

Giirtner further states that reversions rarely occur with

“ ¢ Bustarderzeugung, s, 582, 438, &c.
VOL. 1L ®
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hybrid plants raised from species which have not been cultivated,
whilst, with those which have been long cultivated, they are of
frequent occurrence. This conclusion explains a curious dis-
crepancy: Max Wichura,® who worked exclusively on willows,
which had not been subjected to culture, never saw an in-
stance of reversion; and he goes so far as to suspect that the
careful Giirtner had not sufficiently protected his hybrids from
the pollen of the parent-species: Naudin, on the other hand,
who chiefly experimented on cucurbi and other cultivated
plants, insists more strenuously than any other author on tho
tendency to reversion in all hybrids. The conclusion that the
condition of the parent-specics, as affected by culture, is one
of the proximate causes leading to reversion, agrees fairly 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 dis-
turbed, though in a very different way.

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

% ‘Dje Bastardbefruchtung .. .. der Weiden,” 1865, s. 28. For Giirtner's
remarks on this head, see * Bastarderzougung,’ s. 474, 582,
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sively from the father or mother, but that many characters lie
latent in both parents during a long succession of generations,
the foregoing facts are intelligible. In what manner characters
may be conceived to lie latent, will be considered in a future
chapter to which I have lately alluded.

Latent Characters.—But 1 must explain what is meant
by characters lying latent. The most obvious illustration is
afforded by secondary sexual characters. In every female all
the secondary male characters, and in every male all the secondary
female characters, apparently exist in a latent state, ready to
be evolved under certain conditions. It is well known that a
large number of female birds, such as fowls, various pheasants,
partridges, peahens, ducks, &c., when old or diseased, or when
operated on, partly assume the secondary male characters of
their species. In the case of the hen-pheasant this has been
observed to occur far more frequently during certain seasons
than during others™ A duck ten years old has been known to
assume both the perfect winter and summer plumage of the
drake.” Waterton® gives a curious case of a hen which had
ceased laying, and had assumed the plumage, voice, spurs, and
warlike disposition of the cock; when opposed to an enemy she
would erect her hackles and show fight. Thus every character,
even to the instinct and manner of fighting, must have lain
dormant in this hen aslong 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 see something
of an analogous nature in the human species.

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

51 Yarrell, ¢ Phil. Transact.,’ 1827, p.
268; Dr. Hamilton, in * Proc. Zoolog.
Soc.,’ 1862, p. 23.

52 ¢ Archiv. Skand. Beitriige zur
Naturgesch, viil. s. 397413,

5 Tn his * Essays on Nat. Hist,’ 1838,
Mr. Hewitt gives analogous cases with
hen-pheasants in ¢ Journal of Horti-
culture,’ July 12, 1864, p. 87. Isidore

Geoffroy Saint Hilaire, in_his * Essais
de Zoolog. Gén.’ (suites b Buffon, 1842,
Pp. 496-518), has collectod such cases in
ten different kinds of birds. It appears
that Aristotle was well awaro of the
change in mental disposition in cld hens,
The caso of the female deer acquiring
‘horns is given at p. 513.

E 2
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again; the comb, wattles, and spurs do not grow to their full size,
and the hackles assume an intermediate appearance between
true hackles and the feathers of the hen. Cases are recorded
of confinement alone causing analogous results. But characters
properly confined to the female are likewise acquired; the capon
takes to sitting on eggs, and will bring up chickens ; and what
is more curious, the utterly sterile male hybrids from the phea-
sant and the fowl act in the same manner, “ their delight being
to watch when the hens leave, their nests, and to take on
themselves the office of a sitter.”* That admirable observer
Réaumur * asserts that a cock, by being long confined in solitude
and darkness, can be taught to take charge of young chickens;
he then utters a peculiar cry, and retains during his whole life
this newly acquired maternal instinct. The many well-ascer-
tained cases of various male mammals giving milk, show that
their rudimentary 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 ions; for we may dently believe
that these qualities are present, though latent, in the males
of each generation. So it is with the game-cock, who can trans-
mit his superiority in courage and vigour through his female to
his male offspring; and with man it is known that diseases,
such as hydrocele, necessarily confined to. the male sex, can be
transmitted through the female to the grandson. Such cases
as these offer, as was remarked at the commencement of this
chapter, the simplest possible examples of reversion ; and they
are intelligible on the belief that characters common to the
grandparent and grandchild of the same sex are present, though
latent, in the intermediate parent of the opposite sex.

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

# ¢ Cottage Gardener,” 1860, p. 379,
8 ¢ Art de faire Eclorre,” &e,, 1749, tom, ii. p. 8
% Sir H. Holland, * Medical Notes and Reflections, 3rd edit,, 1835, p. 31,
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Many animals have the right and left sides of their body
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 actually travels, as shown by
Steenstrup, from the lower to the upper surface.” In most flat-
fishes the left is the blind side, but in some it is the right;
though in both cases “wrong fishes,” which are developed in
a reversed manner to what is usual, occasionally occur, and in
Platessa flesus the right or left side is indifferently developed,
the one as often as the other. With gasteropods or shell-fish,
the right and left sides are extremely unequal ; the far greater
number of species are dextral, with rare and occasional reversals
of development, and some few are normally sinistral; but cer-
tain species of Bulimus, and many Achatinellee,” are as often
sinistral ‘as dextral. I will give an analogous case in the great
Articulate kingdom: the two sides of Verruca® are so won-
derfully unlike, that without careful dissection it is extremely
difficult to recognise the corresponding parts on the opposite
sides of the body; yet it is apparently a mere matter of chance
whether it be the right or the left side that undergoes so singu-
lar an amount of change. One plant is known to me* in which
the flower, according as it stands on the one or other side of the
spike, is unequally developed. In all the foregoing cases the
two sides of the animal are perfectly symmetrical at an early
period of growth. Now, whenever a species is as liable to be
unequally developed on the one as on the other side, we may
infer that the capacity for‘such development is present, though
latent, in the undeveloped side. And as a reversal of develop-
ment occasionally occurs in animals of many kinds, this latent
capacity is probably very common.

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

57 Prof. Thomson on Steenstrup’s % Darwin, ‘Balanidw, Ray Soc., 1854,
Views on the Obliquity of Flounders: p.499: see also the appended remarks
«Annals and Mag. of Nat. Hist,’ May, on the apparently eapricious develop-

1863, p. 361 ‘ment of the thoracic limbs on the right

“85Dr. E. von Martens, in *Anoals  and oft sides n the higher crustuccuns.
and Mag. of Nat. Hist,’ March, 1866, % Mormodes ignea: Darwin,Fertili-
P. 209 zation of Orchids,’ 1862, p. 251.
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young pigeons, raised from a cross between differently coloured
birds, are at: first of one colour, but in a year or two acquire
feathers of the colour of the other pavent; for in this case the
tendency to a change of plumage is clearly latent in the young
bird.  So it is with hornless breeds of cattle, some of which
acquire, as they grow old, small horns. Purely bred black and
white bantams, and some other fowls, occasionally assume, with
advancing years, the red feathers of the parent-species. I will
here add a somewhat different case, as it connects in a striking
manner latent characters of two classes. Mr. Hewitt Ppossessed
an excellent Sebright gold-laced hen bantam, which, as she
became old, grew diseased in her ovaria, and assumed male
characters. In this breed the males resemble the females in all
Tespects except in their combs, wattles, spurs, and instinets ;
hence it might have been expected that the diseased hen would
have assumed only those masculine characters which are proper
to the breed, but she acquired, in addition, well-arched tail
sickle-feathers quite a foot in length, saddle-feathers on the
loins, and hackles on the neck,—ornaments which, as Mr. Hewitt
remarks, “would be held as abominable in this breed.” The
Sebright bantam is known ® to have originated about the year
1800 from a cross between a common bantam and a Polish fowl,
recrossed by a hen-tailed bantam, and carefully selected ; hence
there can hardly be a doubt that the sickle-feathers and hackles
which ‘appeared in the old hen were derived from the Polish
fowl or common bantam ; and we thus see that not only certain
masculine characters proper to the Sebright bantam, but other
masculine characters derived from the first Pprogenitors of the
breed, removed by a period of above sixty years, were lying
latent in this hen-bird, ready to be evolved as soon as her ovaria
became diseased.

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

% “Journal of Horticulture,’ July, Tegetmeicr.
1864, p. 88 I have had tho oppor- % +Tho Poultry Book, by Mr. Teget-
tunity of examining these remarkable  meier, 1866, p. 241.
feathers through the kindness of Mr.
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already seen that the transmission of a character from the
grandparent to the grandchild, with its apparent omission in
the intermediate parent of the opposite sex, becomes simple on
this view. When fowls, pigeons, or cattle of different colours
are crossed, and their offspring change colour as they grow
old, or when the crossed turbit acquired the characteristic frill
after its third moult, or when purely-bred bantams partially
assume the red plumage of their prototype, we cannot doubt that
these qualities were from the first present, though latent, in the
individual animal, like the characters of a moth in the cater-
pillar. Now, if these animals had produced offspring before
they had acquired with advancing age their new characters,
nothing is more probable than that they'would have transmitted
them to some of their offspring, which in this case would in
appearance have received such characters from their grand-
parents or more distant progenitors. We should then have had
a 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 con-
clude is what occurs with reversions of all kinds to progenitors
however remote.

This view of the latency in each generation of all the cha-
racters which appear through reversion, is also supported by their
actual presence in some cases during early youth alone, or by
their more frequent app and greater disti 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 that in 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 Kkittens, with a pedi-
gree® known to have been long pure, faint traces of stripes
may almost always be seen which afterwards disappear. Horn-
less Suffolk cattle occasionally produce by reversion horned
animals; and Youatt® asserts that even in hornless individuals

& Carl Vogt, ¢ Lectures on Man,’ Eng. translat., 1864, p. 411.
 On Cattle, p. 174.
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“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
be a latent capacity and tendency to produce stripes, though
these may not appear once in a thousand generations ; that in
every white, black, or other coloured pigeon, which may have
transmitted its proper colour during centuries, there should be a
latent capacity in the 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 inhe-
rited during millions of generations, as is well known to occur
with a multitude of organic beings. There is no more inherent
improbability in each domestic pig, during a thousand genera-
tions, retaining the capacity and tendency to develop great
tusks under fitting conditions, than in the young calf having
retained for an indefinite number of generations rudimentary
incisor teeth, which never protrude through the gums,

I shall give at the end of the next chapter a summary of the
three preceding chapters; but as isolated and striking cases of
reversion have here been chiefly insisted on, I wish to guard
the reader against supposing that reversion is due to some rare
or aceid, bination of ci When a character,
lost during hundreds of generations, suddenly reappears, no
doubt some such combination must oceur; but reversions may
be constantly observed, at least to the immediately preceding
generations, in the offspring of most unions. This has been
universally recognised in the case of hybrids and mongrels, but
it has been recognised simply from the difference between the
united forms rendering the resemblance of the offspring to
their grandparents or more remote Pprogenitors of easy detec-
tion. Reversion is likewise almost invariably the rule, as Mr.
Sedgwick has shown, with certain diseases. Hence we must
conclude that a tendency to this peculiar form of transmission
is an integral part of the general law of inheritance.
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Monstrosities—A large number of monstrous growths and of
lesser anomalies are admitted by every one to be due to an
arrest of development, that is to the persistence of an em-
bryonie condition. If every horse or ass had striped legs whilst
young, the stripes which occasionally appear on these animals
when adult would have to be considered as due to the ano-
malous retention of an early character, and not as due to
reversion. Now, the leg-stripes in the horse-genus, and some
other characters in analogous cases, are apt to occur during
early youth and then to disappear; thus the persistence of early
characters and reversion are brought into close connexion.

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

truly, to reversion.®

‘When flowers which aro properly irregular in structure become regular
or peloric, the change is generally looked at by botanists as o return fo the
primitivo state. But Dr. Maxwell Masters” who has ably discussed this

subject, remarks that when, for inst

become green and of the same shay

ance, all the sepals of a Tropwolum
, instead of being coloured with one

alono 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 deve.
lopment; for in these flowers all the organs during their carliest condition
aro symmetrical, and, if arrested at this stago of growth, they would not
become irregular. 1If, morcover, the arrest were {o tako place at a still
carlier period of development, the result would be a simplo tuft of green

leaves; and no one probably would
designates the cases first alluded

call this a case of reversion, Dr. Masters
to as regular peloria; and others, in

Wwhich all tho corresponding parts assume a similar form of irregularity, as
when all the petals in & Linaria become spurred, as irregular peloria, - Wo
havo no right to attribute theso latter cases to roversion, until it can be
Shown t0 bo probablo that the parent-form, for instance, of the genus

Linaria had had all its petals spurred ;

for a change of this nature might

zosult from the spreading of an anomalous structure, in accordance with
the law, to be diseussed in a futuro chapter, of homologous parts tending
fo 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 each other.

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 carly period of growth should acquire its
fall fanctional perfoction;—how a petal, supposed to be thus arrestod,
should acquiro its brilliant colours, and servo as an envelope to the flower.

or a stamen produce efficient pollen; yet thi

is occurs with 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 obserya-

tion made by Ch. Morren, namely,

that families which have irregular

flowers often “ return by theso monstrous growths to their rogular form
‘Whilst we nover sco a regular flower realiso the structure of an irrogulas

one.”

Somo flowers have almost certainly become more or less completely

peloric through reversion,

Corydalis tuberosa properly has one of its two

Tectaries colourless, destitute of nectar, only half the size of the other, and
01 Cha SR

© Isid. Geoffroy St. Hilnire, *Des
Anomalics,’ tom.” iii, p. 853. With
Tespect to the mamma in women, sce
tom. i, p. 710.

% « Nutural Hist. Roview,’ April, 1863,
P- 238 See also his Lecture, Royal
Institution, March 16, 1860. On samo
subject, see Moguin-Tandon, * Eléments

de Tératologie, 1841, pp. 184, 352,

7 Verlot, *Des Variétés,” 1865, p.
89; Naudin, ‘Nouvelles Archives du
Muséum,’ tom. i. p. 187.

% In his discussion on some curious
peloric ealeeolarias, quoted in * Journal
of Horticulture, Feb. 24, 1863, p.
152,
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therefore, to a certain extent, in a rudimentary state; the pistil is curved
towards the perfect nectary, and the hood, formed of the imner petals,
slips off the pistil and stamens in one direction alone, o that, when a beo
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,
&e., there are two perfect nectaries, the pistil is straight, and the hood
slips off on either side, according as the bee sucks either nectary. Now,
1 have examined several flowers of Corydalis tuberosa, in which both nec.
taries were equally doveloped and contained nectar; in this wo sco only
the redevelopment of o partially aborted organ; but with this redevelop-
ment; tho pistil becontes straight, and the hood slips off in either direction;
50 that these flowers have acquired tho perfoct structure, 5o well adapted
for insect agency, of Dielytra and its allies. We cannot attribute these
coadapted modifications to chance, or to correlated variability; we must
attribute them to reversion to a primordial condition of the spocies.

The peloric flowers of Pelargonium have their five petals in all respects
alike, and thero is no nectary; so that they resemble the symmetrical
flowers of the closely allied Geranium-genus; but the alternate stamens
are also sometimes destitute of anthers, the shortened filaments being loft
as rudiments, and in this respect they resemble the symmetrical flowers of
the closely allied genus, Erodium. Hence we are led to look at the peloric
flowers of Pelargonium as having probably reverted to the state of some
primordial form, the progenitor of tho three closely related gemera of
Pelargonium, Geranium, and Erodium,

In the peloric form of Antirrhinum majus, appropristely called the
“ Wonder,” the tubular and elongated flowers differ wonderfully from
those of tho common snapdragon ; the calyx and the mouth of the corolla
consist of six equal lobes, and include six equal instead of four wn-
equal stamens. One of the two additional stamens is manifestly formed
by the development of a microscopically minute papilla, which may be
found at the baso of the upper lip of the flower in all common snap-
dragons, ab least in nineteen plants examined by me. That this papilla
is a rudiment of a stamen was well shown by its various degrees of deve-
lopment in crossed plants between the common and peloric Antirrhinum,
Again, a peloric Galeobdolon luteum, growing in my garden, had fivo equal
petals, all striped like the ordinary lower lip, and included five equal
instead of four unequal stamens; but Mr. R. Keeley, who sent mo this
plant, informs me that the flowers vary greatly, having from four to six
lobes to the corolla, and from three to six stamens® Now, as the mem-
bers of the two great families to which the Antirrhinum and Galeobdolon
belong are properly pentamerous, with some of the parts confluent and
others suppressed, we ought not to look at the sixth stamen and the sixth
Tobo to the corolla in either case as due o reversion, any more than the
additional petals in double flowers in theso same two families. But the
caso is different with the fifth stamen in the pelorie Antirthinum, which

@ For other cases of six divisions in peloric flowers of the Labistw and
Serophulariacete, see Moquin-Tandon, ¢ Tératologie,’ p. 192.
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is produced by the redevelopment of a rudiment always presen, and
which probably reveals to us the state of the flower, as far as tho stymens
are concerned, at some ancient epoch. It is also difficult to believe that
the other four stamens and the petals, after an arrest of development at o
very early embryonic age, would have come to full perfection in colour,
structure, and function, wnless these organs had at somo former poriod

resembling those now produced by the peloric form.

Lastly, T may add that many instances have been recorded of flowers,
not generally ranked as peloric, in which certain organs, normally few i
number, have been abuormally augmented. - As such an increaso of parts
cannot be looked at as an arrest of development, nor as due to the redo.
velopment, of rudiments, for no rudiments.are present, and os those adds.
tional parts bring the plant into closer relationship with its natural allics,
they ought probably to be viewed as reversions to a primordial condition.

These several facts show us in an interesting manner how
intimately certain ‘abrormal states are connected together ;
namely, arrests of development causing parts to become rudi-
mentary or to be wholly suppressed,—the redevelopment of
parts at present in a more or less rudimentary condition,—the
reappearance of organs of which not a vestige can now be de-
tected,—and to these may be added, in the case of animals, the
presence during youth, and subsequent disappearance, of cer-
tain ch; which ionally are retained th gh 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 con-
veyed 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 chardcters, capable of evolution,
lie hidden in every organic being. But it would be a mistake
to suppose that the number is cqually great in all beings.
We know, for instance, that plants of many orders occasionally
become peloric; but many more cases have been observed
in the Labiate and Scrophulariacem than in any other order ;
and in one genus of the Scrophulariacez, namely Linaria, no less
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than thirteen species have been described in a peloric condition.™
On this view of the nature of peloric flowers, and bearnig in
mind what has been said with respect to certain monstrosities
in the animal kingdom, we must conclude that the progenitors
of most plants and animals, though widely different in struc-
ture, have left an impression capable of redevel on the
germs of their descendants.

The fertilised germ of one of the higher animals, subjected as
it is to so vast a series of changes from the germinal cell to old
age,—incessantly agitated by what Quatrefages well calls the
tourbillon vital,—is perhaps the most onderful 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 marvellpus object, for, besides the visible
changes to which it is subjected, we must believe that it is
crowded with invisible characters, proper to both sexes, to both
the right and left side of the body, and to a long line of ma.le
and female d by dreds or even th
of generations from the present time; and these characters,
like those written on paper with invisible ink, all lie ready to
be evolved under certain known or unknown conditions.

7 Moquin-Tandon, ¢ Tératologie,’ p. 186.
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CHAPTER XIV.

INHERITANCE continued — FIXEDNESS OF CHARACTER — PREPO-
TENCY — SEXUAL LIMITATION — CORRESPONDENCE OF AGE.

FIXEDNESS OF CHARACTER APPARENTLY NOT DUE TO ANTIQUITY OF INHERITANCE —
oF ™ OF THE SAME FAMILY, IN CROSSED
BREEDS AND SPECIES; OFTEN STRONGER IN ONE SEX THAN THE OTHER; SOME-
TIMES DUE TO THE SAME CHARACTER BEING PRESENT AND VISIBLE IN ONE BREED
AND LATENT IN THE OTHER — INHERITANCE AS LIMITED BY SEX — NEWLY-
AoquinED ™ ovR ANDIALS OFTEN BY
ONE SEX ALONE, SOMBTDMES LOST BY ONE SEX ALONE — INHERITANCE AT COB-
RESPONDING PERIODS OF LIFE — THE IMPORYANCE OF THE PRINCIPLE WITH RESPECT
O EMBRYOLOGY; AS EXHIBITED IN DOMESTICATED ANDMALS; AS EXHIBITED IN
THE APPEARANCE AND DISAPPEARANCE OF INHERITED DISEASES; SOMETIMES
SUPERVENING EARLIER IN THE CHILD THAN IN THE PARENT — SUMMARY OF THE
THREE PRECEDING CHAPTERS.

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

Fizedness of Character.

Tt is a_gencral belief amongst breeders that the longer any
character has been transmitted by o breed, the more firmly it
will continue to be transmitted. I do not wish to dispute the
truth of ‘the proposition, that inheritance gains strength simply
through long continuance, but I doubt whether it can be proved.
In one sense the proposition is little better than a truism ; if
any character has remained constant during many generations,
it will obviously be little likely, the conditions of life remaining
the same, to vary during the next generation. So, again, in
improving a breed, if care be taken for a length of time to
exclude all inferior individuals, the breed will obviously tend
to become truer, as it will not have been crossed during many
generations by an inferior animal. We have previously seen,
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but without being able to assign any cause, that, when a new
character appears, it is occasionally from the first well fixed,
or fluctuates much, or wholly fails to be transmitted. So it is
with the te of slight diffgrences which ch ise a new
variety, for some propagate their kind from the first much truer
than others. Even with plants multiplied by bulbs, layers, &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

ive bud ions their newly-acquired cl more
truly than others. In none of these, nor in the following cases,
does there appear to be any relation between the force with
which a character is transmissible and the length of time during
which it has already been transmitted. Some varieties, such as
white and yellow hyacinths and white sweet-peas, transmit their
colours more faithfully than do the varieties which have retained
their natural colour. In the Irish family, mentioned in the
twelfth chapter, the peculiar tortoiseshell-like colouring of the
eyes was transmitted far more faithfully than any ordinary colour.
Ancon and Mauchamp sheep and niata cattle, which are all com-
paratively 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 inherit-
ance fails; but in every case of failure, some cause, either
internal or external, must interfere. It will generally be found
that the parts in our domesticated productions which have
varied, or which still continue to vary,—that is, which fail to
retain their primordial state,—are the same with the parts which
differ in the natural species of the same genus. As, on the theory
of descent with modification, the species of the same genus
have been modified since they branched off from a common
progenitor, it follows that the characters by which they differ
from each other have varied whilst other parts of the organi-
sation have remained unchanged ; and it might be argued that
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these same characters now vary under domestication, or fail
to be inherited, owing to their lesser antiquity. But we must
believe structures, which have already varied, would be more
liable to go on varying, rather than structures which during
an immense lapse of time have remained unaltered ; and this
variation is probably the result of certain relations between the
conditions of lifo and the organisation, quite independently of
the greater or less antiquity of each particular character.

Fixedness of character, or the strength of inheritance, has
often been judged of by the preponderance of certain characters
in the crossed offspring between distinct races; but prepotency
of transmission here comes into play, and this, as we shall imme-
diately 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 improvement by crossing; but it is
more probably due to their structure and constitution being
better adapted to the surrounding conditions. When plants
are first subjected to culture, it has been found that, during
several generations, they transmit their characters truly, that is,
do not vary, and this has been attributed to ancient characters
being strongly inherited; but it may with equal or greater
probability be on changed conditions of life requiring
along time for their lative action. ithstanding theso
considerations, it would perhaps be rash to deny that characters
become more strongly fixed the longer they are transmitted ;
but I believe that the proposition resolves itself into this,
—that all characters of all kinds, whether new or old, tend
to be inherited, and that those which have already withstood
all counteracting influences and been truly transmitted, will, as
a general rule, continue to withstand them, and consequently be
faithfully inherited.

! See Youatt on Catle, pp. 92, 69, 78, 88, 163: also Youatt on Sheep, p. 325.
Also Dr. Lucas, * L/Héréd. Nat.," tom. ii. p. 310.

=
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Prepotency in the Transmission of Character.

When individuals distinct enough to be recognised, but of
the same family, 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 inter-
mediate 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 complicated by
the prepotency sometimes running equally in both sexes, and
sometimes more strongly in one sex than in the other; it is
likewise complicated by the presence of secondary sexual cha-
racters, which render the comparison of mongrels with their
parent-breeds difficult.

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

The truth of the principle of prepotency comes out more clearly when
certain races are crossed. The improved Shorthorns, notwithstanding
that the breed is comparatively modern, are generally acknowledged to
possss great power in impressing heir likeness o all other breeds; and
P ehiefly in consequence of this power that they are so bhighly valued

e B

» vHééd, Not; tom. i pp. 112+ 4 *Gordenar's Chronicle, 1860, p. 270,
120. & Mr. N. H. Smith, Observations on

2 Sir L, Holland, ‘hapters on Mental  Breeding, quoted in ¢ Encyclop. of Rural
‘Physiology,’ 1852, p. 234 Sports; p. 278.
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for exportation.’ Godine has given a curious case of a ram of a goat-liko
breed of sheep from the Cape of Good Hope, which produced offspring
hardly to be distinguished 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.
Girou do Buzareingues? 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 Giron have given analogous cases with other breeds of sheep
and with cattle, the prepotency running in these cases through the male
sido; but I was assured on good authority in South America, that when
niata cattle are crossed with common cattle, though the niata breed is pro-
Dotent 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 tho
femalo Manx was crossed by common male cats all the kittens had tails,
though they were generally short and imperfects

In making reciprocal crosses between pouter and fantail pigeons, the
pouter-race seemed to be prepotent through both sexes over the fantail.
But this is probably due to weak power in the fantail rather than to any
unusually strong power in the pouter, for I have observed. that barbs also
preponderated over fantails. This weakness of transmission in the fantail,
though the breed is an ancient one, is said® to bo general; but I have
observed ono 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 least 180 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 most peculiar coo
quite unlike that of any other breed, and by much-feathered feet. T 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 and feathered feet wero inerited (as is generally
the case with most breeds), T have never seen a vestige of the tuft over
the beal or heard the peculiar coo. Boitard and Corbi6™ assert that this
is the invariable result of crossing trumpeters with any other breed :
Neumeister," howover, states that in Germany mongrels have been obtained,
though very rarely, which were furnished with the tuft and would trampet:
but o pair of hese mongrels with.a tuft, which I imported, never trumpeted.
Mr. Brent states ™ that the crossed offspring of a trampeter were crossed

e

© Quoted by Bronn, ¢ Geschichto der 8 Mr. Orton, *Physiology of Breed-
Natur' b. ii. 5. 170. Sec Stunm, ing, 1855, p. 9.

; Ueber Racen, 1825, 5. 104107. For 9 Boitard and Corbié, ‘ Les Pigeons,”
the niata cattle, see my ‘Journal of 1824, p. 224,

Rescarches, 1845, p. 146. 0 *Les Pigeons,” pp. 168, 198,

? Lucas, ‘VHérdlite Nat.,” tom. ii. p. 1 *Dus Ganze, &e., 1887, s. 59,

2. 1 *The Pigeon Book,” p. 46.
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with trampeters 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 blood, still did not trumpet. This case
well shows the wide difference between inheritance and prepotency; for
here we have a well-established 6ld race Which transmits its characters
faithfally, but which, when crossed with any other race, has the feeblest
power of transmitting its two chief characteristic qualities.

T will give one other instance with fowls and pigeons of weakness and
strength in the ission of th haracter to their d offspring.
The Silk-fowl breeds true, and there is reason to believe is a 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 feathers transmitted
Ty this breed when crossed with any other variety. But three birds out
of many raised by Mr. Orton from a cross between a silk-cock and a ban-
tam-hen, had 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
Pigeon, which has its feathers in 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 crossed with any other small-sized race invariably trans-
mits its silky feathers!

The law of prepotency comes into action when species are crossed, as
with races and individuals. . Giirtner has unequivocally shown™ that this
is the case with plants. To give one instance: when Nicotiana panicu-
lata and vinceflora are crossed, the character of N. paniculata is almost
completely lost in the hybrid; but if . quadrivalvis bo crossed with
N. vincaflora, this latter species, which ‘was before so prepotent, now
in its turn almost disappears under the power of N. quadrivalvis. Tt is
remarkable that the prepotency of one species over another in transmission
is quite independent, as shown by Giirtner, of the greater or less facility
with which the one fertilises the other.

With animals, the jackal is prepotent over the dog, as is stated by
Flourens who made many crosses between these animals; and this was
likewise the case with a hybrid which I once saw between a jackal and
terrier. T cannot doubt, from the observations of Colin and others, that
the ass is prepotent over the horse; the prepotency 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

1 « Physiology of Breeding, p. 22; Muséum,’fom. . p. 149) gives a striking
Mr. Hevwitt, in * The Poultry Book,’ by  instance of prepotency in Datura stra-

Tegetmeier, 1866, p. 224. monium when erossed with two other
3 Boitard and Corbié, * Les Pigeons,”  species.
1824, p. 226. 1 Flourens, *Longévité Humaine,’

1 * Bustarderzengung, s. 236, 200, p. 144, on crossed jockals.  With
&e. Naudin (‘Nouvelles Archives du  respect to the difference between the
¥
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male pheasant, judging from Mr. Hewitt’s deseriptions,” and from the
hybrids which T have scen, preponderates over the domestic fowl; but
the latter, as far as colour is concerned, has considerable power of trans-
‘mission, for hybrids raised from five differently coloured hens differed
greatly in plumage. I formerly examined some curious hybrids in the
Zoological Gardens, between the Penguin variety of the common duck
and the Fgyptian goose (Zudorna Agyptiaca); and although T will not
assert that the domesticated variety preponderated over the natural species,
et it had strongly impressed its unnatural upright figure on these hybrids.
am aware that such cases as the foregoing have been ascribed by various
authors, not. to one species, race, or individual being prepotent over the
other in impressing its character on its crossed offspring, but to such
rules as that the father influences the external 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
T could add others to those quoted by him) apply to all animals. Similar
rules have been enounced for plants, and have been proved by Giirtner!®
10 be all erroneous.  If we confine our view to the domesticated races of
a single species, or perhaps even to the species of the same genus, some
such rules may hold good; for instance, it seems that in reciprocally
crossing various breeds of fowls the male generally gives colour;® but
conspicuous exceptions have passed under my own eyes. In sheep it seems
that the ram usually gives its peculiar horns and fleece to its crossed
offspring, and the bull the presence or absence of horns.
In the following chapter on Crossing I shall have occasion to show that
certain characters are rarely or never blended by crossing, but are trans-

mule and the hinny, T am aware that 7 Mr. Hewitt, who has had such

this has generally been attributed to
the sire and dam transmitting their
characters differently; but il who
has given in Lis * Traité Phys. Comp,”
tom. . pp. 537-539, the f..um descrip-
tion which I have met with of these
reciprocal  hybrids, is strongly of
opinion that the ass preponderates in
both erosses, but in an unequal degree.
This is likewise the conclusion of
Flourens, and of Bechstein in his
*Naturgeschichte Deutschlands,’ b. i.
5294, The tail of the hinny is much
more like that of the horse than is the
tail of the mule, and this is generally
accounted for by the males of both
species transmitting with greater power
this part of their structure; but a com-
pound hybrid which I saw in the
*Zoologieal Gardens, from @ mare by
a hybrid ass-zebra, closely resembled
its mother in its tail.

great experience in mising these hy-
Drids, says (*Poultry Book, by Mr.
Tegetmeier, 1866, pp. 165-167) that in
all, the head was destitute of wattles,
comb, and ear-lappets; and all closely
resembled the pheasant in the shape of
the tail and general contour of the body.
These hybrids were raised from hens
of several breeds by a cock-pheasant ;
but another hybrid, described by Mr.
Hewitt, was raised from a hen-pheasant
by a silverdaced Bantam cock, and
this possessed a rudimental comb and
watles.

1 *L’Héréd. Nat,’ tom. ii. book il
-

ch.i.
 * Bastarderzeugung,’ s 264:266.
Naudin (‘Nouvelles  Archives du
Muséum,’ tom. i. e 143) has arrived
at a similar conclus
* Cottage Gardenss; 1856, pp. 101,

137,
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mitted in an unmodified state from cither parent-form; I refer to this
fact here because it is someti jed on the one side by

which thus acquires the false appearance of unusual strength. In the
same chapter I shall show that the rate at which a species or breed absorbs
and obliterates another by repeated crosses, depends in chief part on pre-
potency in transmission.

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

2 See some remarks on this head with respect to sheep by Mr. Wilson®in
« Gardener’s Chronicle,’ 1863, p. 15.
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old, develop a latent tendency to acquire red feathers. But
there are exceptions to the rule: hornless breeds of cattle
possess a latent capacity to reproduce horns, yet when crossed
with horned breeds they do mot invariably produce offspring.
bearing horns. 1

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

* Verlot, ¢ Des Variétés 1865, p. 6.
L * Moquin-Tandon, ¢ Tératologie,’ p. 191.
2 “Nouvelles Archives du Muséum,’ tom. i. p. 137.
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and thirty-seven were perfectly peloric, having reverted to the
structure of their one grandparent. This case scems at first sight
to offer an exception to the rule formerly given, namely, that a
character which is present in one form and latent in the other is
generally transmitted with prepotent force when the two forms
are crossed. For in all the Scrophulariace, and especially in the
genera Antirrhinum and Linaria, there is, as was shown in the last.
chapter, a strong latent tendency to become peloric; and there
is also, as we have just 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 Snap-
dragon, prevailed in the first generation; whilst the tendency
to pelorism, appearing 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 the one sex than the
other,—from the existence of secondary sexual characters,—
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 every one hitherto has been baffled in drawing
up general rules on the subject of prepotency.

TInheritance 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 in
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any way directly connected with the organs of reproduction, are
often conspicuously present. With our domesticated animals,
also, these same secondary characters are often found to differ
greatly from the state in which they exist in the parent-
species. And the principle of inheritance as limited by sex
shows how such characters might have been first acquired and
subsequently modified.

Dr. P. Lueas, who has collected many facts on this subject, shows®
that when a peculiarity, in no manner conneeted 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 transmitted from the father to his sons and grandsons
alone; 5o it has been with other cases of ichthyosis, with supernumerary
digits, with a deficiency of digits and phalanges, and in a lesser degree
with various diseases, especially with colour-blindness, and a hemorrhagic
diathesis, that is, an extreme liability to profuse and uncontrollable
bleeding from trifling wounds. On the other hand, mothers have trans-
‘mitted, during several generations, to their daughters alone, supernumerary
and deficient digits, colour-blindness, and other peculiarities. So that we
see that the very sume peculiarity may become attached to either sex,
and be long inherited by that sex alono; but the attachment in certain
cases is much more frequent to one than the other sex. The same peculi-
arities also may be promiseuously transmitted to cither sex. Dr. Lucas gives
other cases, showing that the male occasionally transmits his peculiarities
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, according to the sex in which
it first appears, tends to be transmitted in a greater or lesser degree to
that sex.

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

# ‘L'Héréd. Nat,’ tom. ii. pp. 137-  tary Discases, *Brit. and For. Med.

165. See, also, Mr. Sedgwick's four  Chirarg. Review,’ April, 1861, p. 4775

‘memoirs, immedistely to be referred to.  July, p. 198; April, 1863, p. 445; and
 On Sexual Limitation in Heredi-  July, p. 150.
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though colour-blindness thus generally clings to the male sex, nevertheless,
in one instance in which it first appeared in a female, it was transmitted
during five generations to thirteen individuals, all of whom were females.
A A i ot ied by ism, has been known

to affect 1 ing i being itted, however,
through the females. It is said that deficient phalanges in the fingers have
been inherited by the females alone during ten’generations. In another
case, 8 man thus deficient in both hands and feet, transmitted the pecu-
liarity to his two sons and one daughter; but in the third generation,
out of nineteen grandehildren, twelve sons had the family defect, whilst
the seven daughters were free. In ordinary cases of sexual limitation, the
sons or danghters inherit the peculiarity, whatever it may be, from their
father or mother, and transmit it to their children of the same sex; but
generally with the hemorrhagic diathesis, and often with colour-blindness,
and in some other cases, the sons never inherit the peculiarity directly
from their fathers, but the daughters, and the daughters alone, transmit
the latent tendency, so that the sons of the daughters alone exhibit it.
Thus, the father, grandson, and great-great-grandson will exhibit a pecu-
liarity,—the grandmother, daughter, and great-granddaughter having
transmitted it in a latent state. Hence we have, as Mr. Sedgwick remarks,
a doublo kind of atavism or reversion; each grandson apparently receiving
and ing the peculiarity from his and each daughter
apparently receiving the latent tendency from her grandmother.

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

Turning now to domesticated animals, we find that certain characters
not proper to the parent-species are often confined to, and inherited by,
ono sex alone; but we do not know the history of the first appearance of
such characters. In the chapter on Sheep, we have scen that the males
of certain races differ greatly from the fomales in the shape of their horns,
these being absent in the ewes of some breeds, in the development of fat
in the tail in certain fat-tailed breeds, and in the outline of the forchead.
These differences, judging from the character of the allied wild species,
cannot be accounted for by supposing that they have been derived from
distinct parent-forms. There is, also, 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 Scoteh deer-hound the two sexes
differ in size more than in any other variety of the dog;” and, judging from
analogy, more than in the aboriginal parent-species. The peculiar colour
called tortoise-shell s very rarely seen in a male cat; the males of this variety
being of a rusty tint. A tendency to baldness in man before the advent
of old age is certainly inherited; and in the European, or at least in tho

%7 'W. Scrope, * Art of Deer Stalking,’ p. 354.
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Englishman, is an attribute of the male sex, and may almost be ranked
as an incipient secondary sexual character.

In various breeds of the fowl tho males and females often differ greatly;
and these differences are far from being the same with those which dis.
tinguish the two sexes in the parent-species, the Gallus bankiva; and

have originated under ication. Tn certain sub-varieties
of the Game race we have the unusual case of the hens differing from
each other more than the cocks. Inan Indian breed of a white colour
stained with soot, the hens invariably have black skins, and their bones are
covered by a black periosteum, whilst the cocks are never or most rarely
thus characterised. ~Pigeons offer a more interesting case; for the two
sexes rarely differ thronghout the whole great family, and the males and
females of the parent-form, the C. livia, are undistinguishablo; yot we have
seen that with Pouters the male has the characteristic quality of pouting
more strongly developed than the female; and in certain sub-varicties ™
the males alone are spotted or striated with black. When male and female
English carrier-pigeons are exhibited in separato pens, the difference in
the development of the wattle over the beak and round the eyes is con-
spicuous. So that here we have instances of the appearance of secondary
sexual characters in the domesticated races of a species in which such dif-
ferences are naturally quite absent.

On the other hand, secondary sexual characters which pro-
perly belong to the species are sometimes quite lost, or greatly
diminished, under domestication. We see this in the small size
of the tusks in our improved breeds of the pig, in comparison
with those of the wild boar. There are sub-breeds of fowls
in which the males have lost the fine flowing tail-feathers and
hackles; and others in which there is no difference in colour
between the two sexes. In some cases the barred plumage,
which in gallinaceous birds is commonly the attribute of the
hen, has been transferred to the cock, as in the cuckoo sub-
breeds. In other cases masculine characters have been partly
transferred to the female, as with the splendid plumage of the
golden-spangled Hamburgh hen, the enlarged comb of the Spanish
hen, the pugnacious disposition of the Game hen, and as in the

Il-developed spurs which ionally appear in the hens of
various breeds. In Polish fowls both sexes are ornamented
with a topknot, that of the male being formed of hackle-like
feathers, and this is a new male character in the genus Gallus.
On the whole, as far as T can judge, new characters are moro apt

* Boitard and Corbié, * Les Pigeons’ p. 178; Dr. F. Chapuis, ‘Lo Pigeon
Voyageur Belge,' 1865, p. 87.




Ciap, XIV. AT CORRESPONDING PERIODS. 5

to appear in the males of our domesticated animals than in
the females, and afterwards to be either exclusively or more
strongly inherited by the males. Finally, in accordance with
the principle of inheritance as limited by sex, the appearance
of secondary sexual characters in natural species offers no especial
difficulty, and their subsequent increase and modification, if of
any service to the species, would follow through that form of
selection which in my ¢ Origin of Species’ I have called sexual
selection.

Inheritance at corresponding periods of Life.

This is an important subject. Since the publication of my
¢Origin of Species, I have seen no reason to doubt the truth
of the explanation there given of perhaps the most remark-
able of all the facts in biology, namely, the difference between
t.he embryo and the adult animal. Tha explanation is, that

ions do not ily or generally occur at a very early
period of embryonic growth, and that such variations are inhe-
rited at a sponding age. As a of this the
embryo, even when the parent-form undergoes a great amount
of modification, is left only slightly modified ; and the embryos
of widely-different animals which are descended from a common
progenitor remain in many important respects like each other
and their common progenitor. We can thus understand why
embryology should throw a flood of light on the natural system of
classification, for this ought to be as far as possible genealogical.
‘When the embryo leads an independent life, that is, becomes a
larva, it has to be adapted to the surrounding conditions in its
structure and instinets, independently of those of its parents;
and the principle of inheritance at corresponding periods of life
renders this possible.

This principle is, indeed, in one way so obvious that it
escapes attention, We possess a number of races of animals
and plants, which, when compared with each other and with
their parent-forms, present pi di both in the
immature and mature states. Look at the seeds of the several
kinds of peas, beans, maize, which can be propagated truly, and
see how they differ in size, colour, and shape, whilst the full-
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grown plants differ but little. Cabbages on the other hand differ
greatly in foliage and manner of growth, but hardly at all in
their seeds; and generally it will be found that the differences
between cultivated plants at different 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, in the plumage at
the first and subsequent moults, in the comb and wattles during
maturity, are all inherited. With man peculiarities in the milk
and second teeth, of which I have received the details, are inhe-
ritable, and with man longevity is often transmitted. So again
with our improved breeds of cattle and sheep, early maturity,
including the early development of the teeth, and with certain
breeds of fowl the early appearance of secondary sexual cha-
racters, all come under the same head of inheritance at
corresponding periods.

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

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

In the Lambert family the porcupine-like excrescences appeared in
tho father and sons at tho same age, namely, about nine weeks after
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birth® Tn the extraordinary hairy family deseribed by Mr. Crawfurd
children were produced during threo generations with hairy ears; in tho
father the hair began to grow over his body at six years old; in his
danghter somewhat earlicr, namely, at one year; and in both generations
tho milk teoth appearcd late in life, the permanent teeth heing afterwards
singularly deficient. Groyness of hair at an umusually carly ago has been
Srassmitied in some families. These cases bordor on diseases inherited
at corresponding periods of lfe, to which I shall immediately refer.

Tt i a well-known peculiarity with almond-tumbler pigeons, that the
full beauty and peculiar character of the plumage does not appear until
the bird has moulted two or fhreo times. Neumeister describes and
figares o breod of pigeons in which the whole body is white except the
Daoast, neck, and ead; but before the first moult all the white feathers
acquire coloured cdges. Another breed is more remarkablo: its first
Dlumage is black, with rusty-red wing-bars and a crescent-shaped
mark on tho breast; theso marks then become white, and remain so
uring three or four moults; but after this period the white spreads
over fho body, and the bird loses its beauty Prizo 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 tales place.
« Oncomonlted, the peculiarity has ceased. Of courseall 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 fumily of wild pied
Tooks which were first observed in 1798, near Chalfont, and which every
Jear from hat date up to the period of the published notice, viz. 1857,
* bave several of their brood particoloured, black and white. This
« variegation of the plumage, however, disappears with the first moult;
« bt among the next young families there are always  fow pied ones.”
Those changes of plumage, which appear and aro inherited at various
corresponding periods of lifo in the pigeon, canary-bird, and. rook, are
remarkable, because the parent-species undergo no such change.

Taherited diseases afford evidence in some respects of less valuo than the
foregoing cases, because disenses aro not necessarily connected with any
chamgo in structure; but in other Yespeots of moro value, becauso tho
Deriods have been more carefully observed. Certain discases are comn-
P inicated to the child apparently by a process like inoculation, and tho
ehild is from the first affected; such cases may be here passed over. Largo
Classes of disenses usually appear at certain ages, such as St. Vitus's danco
in youth, consumption in carly mid-life, gout later, and apoplexy still
Iator; and these are naturally inherited at the same period. ~But even
in diseases of this class, instances have been vecorded, as with St. Vitus's

2 i —

2 Prichard, ‘Phys. Hist.of Mankind? % *Das Ganze der Taubenzucht, 1857,
1851, vol. i. p. 349. s 21, tab. i, fig. 4; s 24, tab. v,
'« Embassy to the Court of Ava; fig. 2.
<ol 1. p. 820,  The third generation is % Kidd's *Treatise on. tho Canary,’
described by Capt. Yule in his * Narra-  p- 18.
Sive o tho Mission to the Court of Ava,  ® Charlesworth,  Mag. of Nat. Hist.”
1855, p. 94. vol. i, 1837, p. 167.
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dance, showing that an unusually early or late tendency to the diseaso
is inheritable Tn 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 particuliar period, but which certainly tend to
appear in the child at about the same age at which the parent was first
attacked. An array of high authorities, ancient and modern, could be
given in support of this proposition. The illustrious Hunter believed
in it; and Piorry® 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 antho-
rities above quoted. Some of the following cases have been selected for
the sake of showing that, when & slight departure from the rule occurs,
the child is affected somewhat earlier in life than the parent. In the
family of Le Compte blindness was inherited during three generations,
and no less than thirty-seven children and grandchildren were all affected
at about the samo age, namely seventeen or eighteen® In another
case a father and his four children all became blind at twenty-one years
old; in another, a grandmother grow blind at thirty-five, her daughter at
nincteen, and threo grandchildren at the ages of thirteen and eleven.® So
with deafness, two Drothers, their father and paternal grandfather, 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 fifticth year. Many other cases could be given, as of
a wholo 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
Intter had twelve children, who all died from tubercular meningitis# I
mention this latter case because it illustrates a frequent oceurrence,
namely, a change in the precise nature of an inherited disease, though
still affecting the same organ.

# Dr. Prosper Lucas, ¢ Héréd. Nat.,'
tom. i. p. 718,

¢ 1'Héréd. dans los Maladies, 1840,
P 185. For Hunter, sec Harlan’s
“Med. Researches, p. 530.

. . p. 830.

 Sedgwick, * Brit. and For. Med.-
Chirurg. Review,’ April, 1861, p. 485,
T huve seen three accounts, all taken
frow the same original suthority (which

T havo ot been able to consult), and all
differ in the details ! but as they agree
in the main facts, I have ventured to
quote this case.

3 Prosper Lucas, * Héréd. Nat. tom.
i. p. 400.

 Sedgwiek, idem, July, 1861, p. 202,

“ Piorry, p. 109; Prosper Lucas,
tom. ii. p. 759.
41 Prosper Luecas, tom. ii. p. 748
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Asthma has attacked several members of the same family when forty
years old, and other families during infancy. Themost different discascs, s
angina pectoris, stone in the bladder, and various affections of the skin,
have appeared in successive generations at nearly the same age. The little
finger of a man began from some unknown cause to grow inwards, and
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
‘parents and children to suffer agonies at about the same period of life.#

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

It is impossible to read the foregoing accounts, and the
many others which have been recorded, of diseases coming
on during three or even more generations, at the same
age in several members of the same family, especially in the
case of rare affections in which the coincidence cannot be
attributed to chance, and doubt that there is a strong tendency
to inheritance 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 direc-
tion being very much rarer. Dr. Lucas* alludes to several
cases of inherited diseases coming on at an earlier period. I
have already given one striking instance with blindness during
three generations ; and Mr. Bowman remarks that this frequently
occurs with cataract. With cancer there seems to be a peculiar
liability to earlier inheritance: Mr. Paget, who has particularly

*4 Prosper Lucas, tom. ii. pp. 678,  © These cases are given by Mr.
700, 702 ; Sedgwick, idem, April, 1863,  Sedgwick, on the authority of Dr. H.
p. 449, and July, 1863, p. 162; Dr.J. Stewart, in' *Med.-Chirurg. Review,’
Steinan, * Essay on Hereditary Disease,”  April 1605 1o 449, 477.

1843, pp. 27, 34, Héréd. Nat.," tom. ii. p. 852.
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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. He adds, “In the instances in which
the opposite relation holds, and the members of later genera-
tions have cancer at a later age than their predecessors, I think
it will be found that the non-cancerous parents have lived to
extreme old ages.” So that the longevity of a non-affected
parent seems to have the power of determining in the offspring
the fatal period; and we thus apparently get another element
of complexity in inheritance.

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

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

Summary of the three preceding Chapters.—Strong as is the
force of inheritance, it allows the incessant appearance of new
characters. These, whether beneficial or injurious, of the most
trifling importance, such as a shade of colour in a flower, a
coloured lock of hair, or a mere gesture; or of the highest
importance, as when affecting the brain or an organ so perfect
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and complex as the eye; or of so grave a nature as to deserve
to be called a monstrosity, or so peculiar as not to occur
normally in any member of the same natural class, are all
sometimes strongly inherited by man, the lower animals, and
plants. In numberless cases it suffices for the inheritance of a
peculiarity that one parent alone should be thus characterised.
Inequalities in the two sides of the body, though opposed to
the law of symmetry, may be transmitted. There is a con-
siderable body of evidence showing that even mutilations, and
the effects of accidents, especially or perhaps exclusively when
followed by disease, are occasionally inherited. There can be
no doubt that the evil effects of long- cont\nued exposure in
the parent to injurious ditions are

to the offspring. So it is, as we shall see in a future chapwr,
with the effects of the use and disuse of parts, and of mental
habits. Periodical habits are likewise transmitted, but generally,
as it would appear, with little force.

Hence we are led to look at inheritance as the rule, and
non-inheritance as the anomaly. But this power often appears
to us in our ignorance to act capriciously, transmitting a cha-
racter with inexplicable strength or feebleness. The very
same peculiarity, as the weeping habit of trees, silky-feathers,
&c., may be inherited either firmly or not at all by different
members of the same group, and even by different individuals
of the same species, though treated in the same manner. In
this latter case we see that the power of transmission is a
quality which is merely individual in its attachment. As with
smgle characters, so it is with the several concurrent slight

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 holds good with plants,
when propagated by bulbs, offsets, &c., which in one sense still
form parts of the same individual, for some varieties retain or
inherit through ive bud ions their ck 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. Butit is doubtful whether
length of inheritance in itself gives fixedness of character;

VOL. 1. @
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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 retained the
same character for countless ages, whilst living under their
natural conditions, when domesticated have varied in the most
diversified manner, that is, have failed to transmit their original
form; so that no character appears to be absolutely fixed. We
can sometimes account for the failure of inheritance by the
conditions of life being opposed to the development of certain
characters; and still oftener, as with plants cultivated by grafts
and buds, by the conditions causing new and slight modifica-
tions incessantly to appear. In this latter case it is not that
inheritance wholly fails, but that new characters are continually
superadded. In some few cases, in which both parents are simi-
larly characterised, inheritance seems to gain so much force by
the combined action of the two parents, that it counteracts its
own power, and a new modification is the result,

In many cases the failure of the parents to transmit their
likeness is due to the breed having been at some former period
crossed; and the child takes after his grandparent or more
remote ancestor of foreign blood. In other cases, in which the
breed has not been crossed, but some ancient character 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 secondary sexual
characters of one sex in the other. When, after a long suc-
cession of bud-generations, a flower or fruit becomes separated
into 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 com-
mingled state. So it is with animals of crossed parentage, whi
with advancing years ionally exhibit ch derived
from one of their two parents, of which not a trace could at
first be perceived. Certain monstrosities, which resemble what
-maturalists call the typical form of the group in question,

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

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

When distinguishable individuals of the same family, or races,
or species are crossed, we see that the one is often prepotent
over the other in transmitting its own character. A race may
possess a strong power of inheritance, and yet when crossed,
as we have seen with trumpeter-pigeons, yield to the prepo-
tency of every other race. Prepotentcy 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 some-
times depends on the same character being present and visible
in one parent, and latent or potentially present in the other.

Characters may first appear in either sex, but oftener in the
male than in the female, and afterwards be transmitted to the
offspring of the same sex. In this case we may feel confident
that the peculiarity in question is really present though latent
in the opposite sex; hence the father may transmit through
his daughter any character to his grandson; and the mother

a2
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conversely to her granddaughter. We thus learn, and the fact
is an important one, that transmission and development are dis-
tinet powers. Occasionally these two powers seem to be anta-
gonistic, 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 trans-
mitted it to his son, but has received it by transmission through
his non-affected mother, and transmitted it through his non-
affected daughter. Owing to inheritance being limited by sex,
we can see how secondary sexual characters may first have
arisen under nature; their preservation and accumulation being
dependent on their service to either sex.

At whatever period of life a new character first appears,
it generally remains latent in the offspring until a corresponding
age is attained, and then it is developed. When this rule fails,
the child generally exhibits the character at an 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.

Finally, though much remains obscure with respect to In-
heritance, we may look at the following laws as fairly well
established. TFirstly, 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 transmission
and development being distinct powers: it acts in various degrees
and manners through both seminal and bud generation. Thirdly,
prepotency of transmission, which may be confined to one sex,
or be common to both sexes of the prepotent form. Fourthly,
transmission, limited by sex, generally to the same sex in
which the inherited character first appeared. Fifthly, inherit-
ance at corresponding periods of life, with some tendency to the
earlier development of the inherited character. In these laws
of Inheri as displayed under d ication, we see an
ample provision for the production, through variability and
natural selection, of new specific forms.
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CHAPTER XV.

ON CROSSING.

FREE EETWEEN ALLIED BREEDS —
WHEN THE NUMBERS OF TWO cmm.ulanmﬂ DREEDS ARE UNEQUAL, ONE ABSORBS

BEINGS OCCASIONALLY INTERCROSS ; APPARENT EXCEPTIONS — ON CERTAIN
CHARACTERS INCAPABLE OF FUSION; CHIEFLY OR EXCLUSIVELY THOSE WHICH
HAVE SUDDENLY AFPEARED IN THE INDIVIDUAL — ON THE MODIFICATION OF OLD
RACES, AND THE FORMATION OF NEW BACES, BY CROSSING — SOME OROSSED RACES
HAVE BRED TRUE FROM THEIR FIRST PRODUCTION — ON THE CROSSING OF DISTINCT
SPECIES TN RELATION TO THE FORMATION OF DOMESTIO RACES,

In the two previous chapters, when discussing reversion and
prepotency, I was necessarily led to give many facts on crossmg
In the present chapter I shall consider the part which crossing
plays in two opposed du'eehons,—ﬁrsﬂy, in obliterating cha-
racters, and q in p g the ion of new
races ; and secondly, in the modlﬁcatmn 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 incap-
able 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 uniformity, both under nature and under domestication,
to the individuals of the same species or variety, when they
live mmcled together and are not exposed to any cause inducing
excessive variability. The prevention of free crossing, and the
intentional matching of individual animals, are the corner-stones
of the breeder’s art. No man in his senses would expect to
improve or modify a breed in any particular manner, or keep
an old breed true and distinct, unless he separated his animals.
The killing of inferior animals in each generation comes to the
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same thing as their separation. In savage and semi-civilised
countries, where the inhabitants have not the means of sepa-
Tating their animals, more than a single breed of the same
species rarely or mever exists. In former times, even in a
country so civilised as North America, there were no distinct
races of sheep, for all had been mingled together.! The cele-
brated agriculturist Marshall® remarks that “gheep that are
“kept within fences, as well as shepherded flocks in open
« countries, have generally a similarity, if not a uniformity,
“of character in the individuals of each flock;” for they breed
freely together, and are prevented from crossing with other
kinds; whereas in the unenclosed parts of England the un-
shepherded sheep, even of the same flock, are far from true or
uniform, owing to various breeds having mingled and crossed.
We have seen that the half-wild cattle in the several British
parks are uniform in character in each; but in the different
parks, from not having mingled and crossed during many gene-
rations, they differ in a slight degree.

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

! Communications to the Board of ~land,’ 1808, p. 200.

Agriculture, vol. i. p. 867. 2 *Siiugethicre von Paraguay,’ 1830,
2 * Review of Reports, North of Eug- s, 212,
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When distinct. breeds are allowed to cross freely, the result
will be a heterogencous 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 numbers of the individuals
belonging to the two or more races which are allowed to mingle ;
on the prepotency of one race over the other in the transmission
of character; and on the conditions of life to which they are
exposed.  When two commingled breeds exist at first in nearly
equal numbers, the whole will sooner or latr become intimately
blended, but not so soon, both breeds being equally favoured in
all respects, as might have been expected. The following cal-
culation® shows that this is the case: if a colony with an
equal number of black and white men were founded, and we
assume that they marry indiscriminately, are equally prolific,
and that one in thirty annually dies and is born; then “in 65
“years the number of blacks, whites, and mulattoes would be
“equal. In 91 years the whites would be 1-10th, the blacks
«1-10th, and the mul 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 exceeds the other greatly in
number, the latter will soon be wholly, or almost wholly, absorbed
and lost. Thus European pigs and dogs have been largely
introduced into the islands of the Pacific Ocean, and the native
races have been absorbed and lost in the course of about
fifty or sixty years;’ but the imported races no doubt were
favoured. Rats may bo considered as semi-domesticated
animals. Some snake-rats (Mus alevandrinus) escaped in the
Zoological Gardens of London, “and for a long time afterwards
« the keepers frequently caught cross-bred rats, at first balf-breds,
“afterwards with less and less of the character of the snake-rat,
«till at length all traces of it disappeared.” On the other hand,

 Rengger, «Siugethiore, Sc, 5. 194, Ject, and nbly discussed it.

% White, ‘Regular Gradation in Man,” ~ 7 Rev. D. Tyerman, and Dennett,

p- 146. ‘Jnmml.l of Voyages,” 1621-1829, vol.
© Dr, W. F. Bdwards, in his “Charac- . .

teres Physiolog. des Races Humaines,’ ¥ Mr 8. J. Salter, *Journal Liun.

p- 23, first called attention to this sub-  Soe.,’ vol. vi., 1862, p. 71.
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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 discussed ;°
and the requisite number has probably been much exagge-
rated. Some writers have maintained that a dozen, or score,
or even more gencrations, are necessary; but this in itself is
improbable, for in the tenth generation there will be only
1-1024th part of foreign blood in the offspring. Giirtner found,
that with plants one species could be made to absorb another in
from three to five generations, and he believes that this could
always be effected in from six to seven generations. In one
instance, however, Kolreuter ! speaks of the offspring of Mira-
bilis vulgaris, crossed during eight successive generations by M.
longiflora, as resembling this latter species so closely, that the
most serupulous observer could detect *vix aliquam notabilem
differentiam ;—he succeeded, as he says, “ad plenariam fere
transmutationem.” But this expression shows that the act of
absorption was not even then absolutely complete, though these
crossed plants contained only the 1-256th part of . vulgaris.
The conclusions of such accurate observers as Giirtner and
Kolreuter are of far higher worth than those made without
scientific aim by breeders. The most remarkable statement
which I have met with of the persistent endurance of the effects
of a single cross is given by Fleischmann,” who, in reference
to German sheep, says “that the original coarse sheep have
“5500 fibres of wool on a square inch; grades of the third or
“fourth Merino cross produced about 8000, the twentieth cross
“27,000, the perfect pure Merino blood 40,000 to 48,000.” So that
in this case common Gierman sheep crossed twenty times succes-
sively with Merinos have not by any means acquired wool as fine
as that of the pure breed. In all cases, the rate of absorption will

© Sturm, * Ueber Racen, &’ 1825,5. 10 ‘ant:ndexzeugung.’ 5. 463, 470.
107. Bronn, ‘Gesducht.e dor Natar,' 1 N Potrop,’ 1794, . 393
seo ulw prmlu volume,

2 As quoted in the *Truo Principles

rosscs
Dr. P. Lucas, ‘ I'Hérédité \m tom, i, of Dreeding,’ by C. H. Macknight aud
p. 808, Dr. H. Madden, 1865, p. 11
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depend largely on the conditions of life being favourable to any
particular character; and we may suspect that there would be
under the climate of Germany a constant tendency to degene-
ration in the wool of Merinos, unless prevented by careful
selection ; and thus perhaps the foregoing remarkable case may
be explained. The rate of absorption must also depend on the
amount of distinguishable difference between the two forms
which are crossed, and especially, as Giirtner insists, on pre-
potency of transmission in the one form over the other. We
have seen in the last chapter that one of two French breeds
of sheep yielded up its character, when ctossed with Merinos,
very much slower than the other; and the common German
sheep referred to by Fleischmann may present an analogous
case. But in all cases there will be during many subsequent
generations more or less liability to reversion, and it s this fact
which has probably led authors to maintain that a score or more
of generations are requisite for one race to absorb another. In
considering the final result of the commingling of two or more
breeds, we must not forget that the act of crossing in itself
tends to bring back long-lost characters not proper to the
immediate parent-forms.

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

How long a time it would require before such a crossed body
of animals would assume within a limited area a uniform cha-
racter no one can say; that they would ultimately become
uniform from free intercrossing, and from the survival of the
fittest, we may feel assured; but the character thus acquired
would rarely or never, as we may infer from the several previous




9 ON ALL ORGANIC BEINGS Cuar. XV.

iderations, be exactly i diate between that of the two
parent-breeds. With respect to the very slight differences
by which the individuals of the same sub-variety, or even of
allied varieties, are characterised, it is obvious that free crossing
would soon obli such small distineti The fi i
of new varieties, independently of selection, would also thus be
prevented ; except when the same variation continually recurred
from the action of some strongly predisposing cause. Hence we
may conclude that free crossing has in all cases played an im-
portant part in giving to all the members of the same domestic
race, and of the same natural species, uniformity of character,
though largely modified by natural selection and by the direct
action ot the surrounding conditions.

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

1 With respect to plants, an admi
able essay on this subject (Die Gesc
leehter-Vertheilung bei den Pllanze

1867) has lately been published by Dr.,
Hildebrand, who arrives at the sume
general conelusions as T have done.
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having experimented on them: even the peasants of Liguria
say that cabbages must be preyented “from falling in love”
with each other. In the orange tribe, Gallesio* remarks that
the amelioration of the various kinds is checked by their con-
tinual and almost regular crossing. So it is with numerous
other plants.

Nevertheless some cultivated plants can be named which
rarely intercross, as the common pea, or which never intercross,
asThave reason to believe is the case with the sweet-pea (Lathyrus
odoratus) ; yet the structure of these flowers certainly favours an
occasional cross. The varieties of the tomatd and aubergine (Sola-
num) and pimenta (Pimenta vulgaris ?) are said ** never to cross,
even when growing alongside each other. But it should be
observed that these are all exouc plants, and we do not know
how they would behave in their native country when visited by
the proper insects.

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

1 < Teoria della Riproduzione v@ml 1816, p. 12.

 Verlot, * Des Variéiés, 1865, p. 7
1 Duval-Jouve, *Bull. Soc. Bot. o France, tom. ., 1863, p. 194.

gece
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which do not now intereross, either would do so under different
conditions, or that they formerly fertilised each other at intervals
—the means for effecting this being generally still retained—
and they will do so again at some fature period, unless indeed
they become extinct. On this view alone, many points in the
structure and action of the reproductive organs in phrodi
plants and animals are intelligible,—for instance, the male and
female organs never being so completely enclosed as to render
access from without impossible. Hence we may conclude that
tho most important of all the means for giving uniformity to
the individuals of the same species, namely, the capacity of occa-
sionally intererossing, is present, or has been formerly present,
with all organic beings.

On certain Charasters not Wending—When two breeds are crossed their
characters usually become intimately fused togother; but some characters
refuse to blend, and are transmitted in an unmodified stato cither from
both parents or from one. When grey and white mice are paired, the
young aro not piebald nor of an intermediate tint, but are pure white o
of theordinary grey colour : 50 it is when white and common collared turtle-
doves are paired. In breeding Game fowls, a great authority, Mr. J.
Douglas, remarks, “I may here state a strango fact: if you cross a black
with a white game, you get birds of both breeds of the clearest colour.”
Sir R. Horon crossed during many years white, black, brown, and fawn-
coloured Angora rabbits, and never onco got these colours minglod in
the sume animal, but oftenall four colours in the same litter. Additional
cases could be given, but this form of inheritance is very far from universal
even with respect to the most disti Vhen it d ancon
sheop, both of which have dwarfed limbs, aro crossed with common breeds,
the offspring are not intermediate in structure, but take after cither parent.
Whon tailless or hornless animals aro crossed with perfect animals, it
frequently, but by no means invariably, happens that the offspring are

¥ Extract of a letter from Sir R.
‘Heron, 1838, given me by Mr. Yarrell.
With respect to mice, see  Annal. des
8. Nat, tom. i. p. 180; and I bave
heard of other similar cases. For
turtle-doves, Boitord and Corbié, ¢ Les
Pigeons; &e., p. 238. For the Game fowl,
¢ The Poultry Book,’ 1866, p.125. For
crosses of tilless fowls, sce Bechstein,
‘Nuturges. Deutsch. b. il s. 403,
Broun, * Geschichte der Natur, b, ii. 5.

i ots with horses.
On the bairless condition of crossed

South American dogs, see Rengger,
‘Siugethiore von Parguay,’ s. 152
but I saw in the Zoological Gardens
mongrels, from a similar cross, which
were hairless, quito haity, or hain
in patehes, that is, piehald with hair.
For crosses of Dorking and other fowl
sec * Poultry Chronicle,” vol. ii.
About the crossed pigs, extract of letter
from Sir R. Heron to Mr. Yarrell,
For other cases, see P, Lucas, * Hérdd.
Nat., tom. i. p. 212.
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either perfectly frnished with theso organs or are quite destitute of them.

According to Rengger, the hairless condition of tho Paraguay dog is cither
perfectly or not atall 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 picbald
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
erossed pigs raised by Sir R. Heron between the solid-hoofed and common
pig had not all four feet in an intermediato condition, but two fect were
furnished with properly divided, and two with united hoofs.

Analogous facts have been observed with plants: Major Trevor Clarke
crossed the little, glabrous-leaved, annual stock (Matthiola), with pollen of
a large, red-flowered, rough-leaved, biennial stock, called cocardeau by the
French, and the result was that half the secdlings had glabrous and the
other half rough leaves, butnone 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 suceceding gencrations raised from the
rough-leaved crossed scedlings, some glabrous plants appeared, showing
that the glabrous character, though incapable of blending with and modic
fying the rough leaves, was all the time litentin this family of plants, The
numerous plants formerly referred to, which I raised from reciprocal crosses
between the pelorie 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 perfeetly resembling
cither the peloric or common form. Major Trovor Clarke also fertilised the
above-mentioned red-flowered stock with pollen from the purple Queen
stock, and about half the scedlings searcely differed in habit, and not at all

“inthe 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. Giirtner
crossed many whiteand yellow-flowered species and varieties of Verbascum ;
and thoso colours were nover blended, but the ofispring bore cither pure
white or pure yellow blossoms; the former in the larger proportion
Dr. Herbert raised many seedlings, s he informed me, from Swedish
turnips crossed by two other varicties, and these never produced flowers
of an intermediate tint, but always like ono of their parents. I fertilised
the purple sweet-pea (Lathyrus odoratus), which has a dark reddish-purple
standard-petal and violet-coloured wings and keel, with pollen of the painted-
Iady sweet-pea, which has a palo cherry-coloured standard, and almost
white wings and keel; and from the same pod I twice raised plants per-
feotly resembling both sorts; the greater number resembling the father.
So perfect was the resemblance, that I should have thought there had

» ‘mmm mm and Bot. Congress  from similar erosses in the gonus Ver-
of London,' 1 bascum,  With respeet to the turnips,
» ‘anmzdemugnng, 5. 807. Kol see Herbert's < Amaryllidacem,’ 1837,
reuter (* Dritte Fortsetszung,’ 5. 34, 39),  p. 370,
however, obtained intermediate tints
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been some mistako, if the plants which were at first identical with the
paternal variety, namely, the painted-lady, had not later in the season
produced, as mentioned in a former chapter, flowers blotched and streaked
with dark purple. T raised grandchildren and. groat-grandehildren from
these crossed plants, and they continued to resemble the painted-lady, but
during the later generations became rather more blotched with purple,
yet nono reverted completely to the original mother-plant, the purple
sweet-pea. The following case is slightly different, but still shows the
same principlo: Naudin® raised numerous hybrids between the yellow
Linaria vdgaris and the purple L. purpurea, and during three successive
generations the colours kept distinet in different parts of the same flower.

From such cases 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 oot rescmblo
both parents, and by another step to those in which the same flower or
fruit s striped or blotched with the two parental colonrs, or bears a single
stripe of the colour or other characteristic quality of one of the parent-
forms. With hybrids and mongrels it frequently or even generally happens
that one part of the body resembles more or less closely one parent and
another part the other parent; and hero again some resistanco to fusion,
or, what comes to the same thing, some mutual afiinity 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 offspring of hybrids or mongrels, which are themselves nearly inter-
mediate in character, rovert 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 Tsidore Geoffroy
St. Hilaire in regard to animals, that the transmission of characters without
fusion oceurs most rarely when species are crossed ; I kuow of one excop-
tion alone, namely, with the hybrids naturally produced between the
common and hooded crow (Corvus corone and corniz), which, however,
are closely allied species, differing in nothing except colour. Nor have T
‘met with any well-ascertained cases of transmission of this kind, even when
one form s strongly prepotent over another, when two races aro crossed
which have been slowly formed by man’s selection, and therefore resemble
toa certain extent nafural species. Such cases as puppies in the same
litter closely resembling two distinct breeds, are probably due to super-
fletation,—that is, to the influence of two fathers. , All the characters
above enumerated, which are transmitted in a perfect state to some of
the offspring and not to others,—such as distinct colours, nakedness of
skin, smoothness of leaves, absence of horns or tail, additional toes, pelo-
rism, dwarfed structure, &e.,—have all been known o appear suddenly in
individual animals and plants. From this fact, and from the soveral slight,
aggregated differences which distinguish domestio races and species from

* ¢ Nouvelles Archives du Muséum,” tom. i. p. 100.
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each other, 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 question.

On the Modification of old Races and the Formation of new Races
by Crossing—We have hitherto chiefly considered the effects of
crossing in giving uniformity of character; we must now look
to an opposite result. There can be no doubt that crossing,
with the aid of rigorous selection 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, which breed was«chosen from being
deficient in scenting powers, and from having what was wanted,
courage and perseverance. In the course of six or seven
generations all traces of the external form of the bulldog
were eliminated, but courage and perseverance remained. Cer-
tain pointers have been crossed, as I hear from the Rev. W.
D. Fox, with the foxhound, to give them dash and speed.
Certain strains of Dorking fowls have had a slight infusion
of Game blood; and I have known a great fancier who on a
single occasion crossed his turbit-pigeons with barbs, for the
sake of gaining greater breadth of beak.

In the foregoing cases breeds have been crossed once, for the
sake of modifying some particular character; but with most of
the improved races of the pig, which now breed true, there have
been repeated crosses,—for instance, the improved Essex owes its
excellence to repeated crosses with the Neapolitan, together pro-
bably with some infusion of Chinese blood.”  So with our British
sheep: almost all the races, except the Southdown, have been
largely crossed ; “this, in fact, has been the history of our prin-
cipal breeds.”* To give an example, the « Oxfordshire Downs
now rank as an established breed.** They were produced about
the year 1830 by crossing “ Hampshire and in some instances
Southdown ewes with Cotswold rams:” now the Hampshire
ram was itself produced by repeated crosses between the native

2 Richardson, * Pigs 1847, pp. 87, see also an equally good article by Mr.

42; 8, Siduey's edition of *Yountt on
the Pig,' 1860, p. 3.

= See Mr. W. C. Spooner’s excellent
paper o Cross-Breeding, ¢
Royal Agricult. Soc,” vol. xx.

Ch. Howard, in ¢ Gardener's Chronicle,
1860, p. 820

= * Gardener’s Chronicle; 1857, pp.
649, 652,
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Hampshire sheep and Southd ; and the 1 Tled
Cotswold were improved by crosses with the Leicester, which
latter again is believed to have been a cross between several
long-woolled sheep. Mr. Spooner, after considering the various
cases which have been carefully recorded, concludes « that from
a judicious pairing of cross-bred animals it is practicable to
establish a new breed.” On the Continent the history of several
crossed races of cattle and of other animals has been well ascer-
tained. To give one instance: the King of Wurtemberg, after
twenty-five years' careful breeding, that is after six or seven
generations, made a new breed of cattle from a cross between
a Dutch and Swiss breed, combined with other breeds The
Sebright bantam, which breeds as true as any other kind of
fowl, was formed about sixty years ago by a complicated cross.”
Dark Brahmas, which are believed by some fanciers to con-
stitute a distinet species, were undoubtedly formed * in the United
States, within a recent period, by a cross between Chittagongs
and Cochins, With plants I believe there is little doubt that
some kinds of turnips, now extensively cultivated, are crossed
races; and the history of a variety of wheat which was raised
from two very distinct varieties, and which after six years’
culture presented an even sample, has been recorded on good
authority.?

Until quite lately, cautious and experienced breeders, though
not averse to a single infusion of foreign blood, were almost
universally convinced that the attempt to establish a new race,
intermediate between two widely 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 found.”* Nor was this conviction unreasonable : when
two distinet races are crossed, the offspring of the first gene-
ration are generally nearly uniform in character; but even this
sometimes fails to be the case, especially with crossed dogs and
fowls, the young of which from the first are sometimes much

B Dl do o @Acclimat,” % “The Poultry Book, by W. B.
1862, tom. 3. See also, for Tegetmeier, 1866, p. 58.
G e ol and Goyot, D 7 «Gaxdener's hrondle, 1653, p.
Banf, 1860, p. x 765.

) Clrvnicle vol. ;1656 5iBpooum, ta*Fturaal Boynl Agris
p.36. cult, Soc, vol. xx., part i.
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diversified. As cross-bred animals are generally of large size
and vigorous, they have been raised in great numbers for
immediate consumption. But for breeding they are found to be
utterly useless; for though they may be themselves uniform in
character, when paired together they yield during many gene-
rations offspring astonishingly diversified. The breeder is driven
to despair, and concludes that he will never form an inter-
mediate race. But from the cases already given, and from
others which have been recorded, it appears that patience alone is
necessary ; as Mr. Spooner remarks, “ nature opposes no barrier
to successful admixture; in the cowse’of time, by the aid
of selection and careful weeding, it is practicable to establish
a mew breed.” After six or seven generations the hoped-for
result will in most cases be obtained ; but even then an occa-
sional reversion, or failure to keep true, may be expected. The
attempt, however, will assuredly fail if the conditions of life

B decided] ble to the ch of either parent-
breed.®
Although the dchildren and, di ions of

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

 See Colin's * Traité de Phys. Cornp  <Les Pigeons, p. 57.
des Animaux Domestiques,” tom. st Vol. i, 1854, p. 101.
536, where this subject is well treated.
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and with some white spots at the base of the beal ; so that by
the aid of a little selection a new breed might easily have been
formed. In regard to crossed varieties of plants, Mr. Beaton
remarks® that “DMelville’s extraordinary cross between the
Scotch kale and an early cabbage is as true and genuine as any
on record;” but in this case no doubt selection was practised.
Giirtner ® has given five cases of hybrids, in which the progeny
kept constant; and hybrids between Dianthus armoria and
deltoides remained true and uniform to the tenth generation.
Dr. Herbert likewise showed me a hybrid from two species of
Loasa which from its first production had kept constant during
several generations.

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

Within recent times, as far as animals are concerned, the
crossing of distinct species has donme little or nothing in
the formation or modification of our races. It is not yet known
whether the species of silk-moth which have been recently
crossed in France will yield permanent races. In the fourth
chapter I alluded with some hesitation to the statement that a
new breed, between the hare and rabbit, called leporides, had
been formed in France, and was found capablo of propagating

2 Cottage Gardener,’ 1856, p. 110,  *Bastarderzeugung, s. 555.
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itself; but it is now positively affirmed™ that this is an error.
With plants which can be mulfiplied by buds and cuttings, hybri-
disation has done wonders, as with many kinds of Roses, Rhodo-
dendrons, Pelargoniums, Calceolarias, and Petunias. Nearly
all these plants can be propagated by seed; most of them
freely; but extremely few or none come true by seed.

Some authors believe that crossing is the chief cause of varia-
bility,—that is, of the app of absolutely new ch
Some have gone so far as to look at it as the sole cause; but
this_conclusion is disproved by some of the facts given in the
chapter on Bud-variation. The belief that' characters not present
in either parent or in their ancestors frequently originate from
crossing is doubtful; that they occasionally thus arise is pro-
bable; but this subject will be more conveniently discussed in
a future chapter on the causes of Variability.

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

3 Dr. Pigeaus, in *Bull. Soc. d’Acclimat,’ tom. i, July 1866, as quoted in
¢ Annals and Mag, of Nat, Hist,’ 1867, vol. xx. p. 75.
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CHAPTER XVI.

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

DIFFICULTIES IN JUDGING OF THE FERTILITY OF VARIETIES WHEN CROSSED —
VARIOUS CAUSES WHICH KEKP VARIETIES DISTINCT, AS THE PERIOD OF BREEDE
AND SEXUAL PREFERENCE — VARIETIES OF WHEAT SAID TO BE STERILE WHEN
SROSSED — VARIETIES OF MATZK, VERBASOUN, HOLLYHOCK, GOURDS, MELONS, AND
TOBACCO, RENDERED IN SOME DEGREE MUTUALLY STERILE — DOMESTICATION
ELIMINATES THE TENDENCY TO STERILITY NATURAL TO SPECTES WHEN CROSSED
T O THE INCKEASED FERTILITY OF UNCROSSED ANINALS AND PLANTS FROM
DOMESTICATION AND CULTIVATION,

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

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

! *Journal de Physiolog.,” tom. ii, 1859, p. 385.
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almost certainly have been observed. In investigating the
fertility of crossed varieties many sources of doubt occur.
Whenever the least trace of sterility between two plants,
however closely allied, was observed by Kélreuter, and more
especially by Giirtner, who counted the exact number of seed
in each capsule, the two forms were at once ranked as dis-
tinet species; and if this rule be followed, assuredly it will
never be proved that varieties when crossed are in any degree
sterile. We have formerly seen that certain breeds of dogs do
not readily pair together ; but no observations have been made
whether, when paired, they produce the.full number of young,
and whether the latter are perfectly fertile nter se; but, sup-
posing that some degree of sterility were found to exist,
naturalists would simply infer that these breeds were descended
from aboriginally distinet species; and it would be scarcely
possible to ascertain whether or not this explanation was the
true one.

The Sebright Bantam is much less prolific than any other
breed of fowls, and is descended from a cross between two very
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 inter-
breeding, or to au innate tendency to sterility correlated with
the absence of hackles and sickle tail-feathers.

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

2 Dec. 1863, p. 484. 2 On the Varieties of Wheat, p. 66.
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the Falkland Islands the cattle are breaking up into herds of
different colours; and those on the higher ground, which are
generally white, usually breed, as I am informed by Admiral
Sulivan, three months earlier than those on the lowlands ; and
this would manifestly tend to keep the herds from blending.

Certain domestic races seem to prefer breeding with their own
kind; and this is a fact of some importance, for it is a step
towards that instinctive fecling which helps to keep closely
allied species in a state of nature distinct. We have now
abundant evidence that, if it wero not for this fecling, many
more hybrids would be naturally produced than is the case, We
have seen in the first chaptor that the alco dog of Mesico
dislies dogs of other breeds ; and the hairless dog of Paraguay
mixes less readily with the European races, than the latter do
with each other. "Tn Germany the femalo Spitz-dog is said to
receive the fox more readily than will other dogs; a female
Australian Dingo in England attracted the wild male foxes,
But these differences in the sexual instinct and attractive
power of the various breeds may be wholly due to their
descent from distinct species. In Paraguay the horses have
much freedom, and an excellent obseryer ¢ 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 Bntre Rios and Banda Oriental into Paraguay Tikewiso
prefer associating together. In Circassia six sub-races of the
horse are known and have received distinet names; and a
native proprictor of rank® asserts that horses of three of thess
races, whilst Living a freo life, almost. always refuse to minglo
and cross, and will even attack each other,

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

“Bull. Soe.
July, 1861, p.

¢ Rengger, “Siugethiero von Pare-  and Do Quatrefag
guay, s, 336 d'Acclimat, tom.
©Se0  memoir by MM. Lberbette 312,
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life tend to keep the races distinct. On one of the Faroe
islands, not more than half a mile in diameter, the half-wild
native black sheep are said not to have readily mixed with the
imported white sheep. It is a more curious fact that the semi-
monstrous ancon sheep of modern origin “ have been observed
to keep together, separating themselves from the rest of the
flock, when put into enclosures with other sheep.”® With
respect to fallow deer, which live in a semi-domesticated condi-
tion, Mr. Bennett? states that the dark and pale coloured herds,
which have long been kept together in the Forest of Dean, in
High Meadow Woods, and in the New Ferest, have never been
known to mingle: the dark-coloured deer, it may be added, are
believed to have been first brought by James I from Norway,
on account of their greater hardiness. I imported from the
island of Porto Santo two of the feral rabbits, which differ, as
described in the fourth chapter, from common rabbits; both
proved to be males, and, though they lived during some years in
the Zoological Gardens, the superintendent, Mr. Bartlett, in vain
endeavoured to make them breed with various tame kinds; but
whether this refusal to breed was due to any change in instinct,
or simply to their extreme wildness; or whether confinement
had rendered them sterile, as often occurs, cannot be told.
‘Whilst matching for the sake of experiment many of the
most distinct breeds of pigeons, it frequently appeared to me
that the birds, though faithful to their marriage vow, retained
some desire after their own kind. Accordingly I asked Mr.
Wicking, who has kept a larger stock of various breeds together
than any man in England, whether he thought that they would
prefer pairing with their own kind, supposing that there were
males and females enough of each; and he without hesitation
answered that he was convineed that this was the case. It has
often been noticed that the dovecot pigeon seems to have an
actual aversion towards the several fancy breeds;® yet all have

© For the Norfolk sheep, see Mar- edited by Bennett, p. 89. With respect

shall's Rural Economy of Norfolk,’ to the origin of the dark-coloured deer,

vol. ii. p. 136. See Rev. L. Landts sce *Some Account of English Deer

¢ Description of Faroe,’ p. 66. For tho Parks, by E. P. Shirley, Esq.

ancon sheep, sce *Phil. Trausact,’ ® *The Dovecote, by the Rev. E. S.

1813, p. 90. Dixon, p. 153; Bechstein, * Naturgesch.
7 White's *Nat. Hist. of Selbourne,  Deutschlands,’ Band iv., 1795, s. 17.
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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, T know of
10 well-ascertained case with animals. This fact, seeing the great differ-
ence in structure between some breeds of pigeons, fowls, pigs, dogs,
&c, is extraordinary, in contrast with the sterility of many closely allied
natural species when crossed; but we shall hereafter attempt to show
that it s not so extraordinary as it at first appears. And it may be well
hero to recall to mind that the amount of external difference between
fwo species will not safely guide us in foretelling 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 o ease of sterility in crossed Taces rests on safisfactory
evidence; but here is one which at first seems trustworthy. Mr. Youatt,?
and a better authority cannot be quoted, states, that formerly in Lancashire
crosses were frequently made between longhorn and shorthorn cattle; the
first cross was excellent, but the produce was uncertain; in the third or
fourth generation the cows were bad milkers ; * in addition to which, thero
‘was much uncertainty whether the cows would conceive; and full one-third
of the cows among some of these half-breds failed to be in calf” This
at first seems a good case; but Mr. Wilkinson states,® that a breed derived
from this same eross was actually established in another part of England;
and if it had failed in fertility, the fact would surely have been noticed.
Moreover, supposing that Mr. Youatt had proved his case, it might bo
argued that the sterility was wholly due to the two parent-breeds being
descended from primordially distinet specics,

Lwill give a case with plants, to show how difficult it is to get suffi-
clent evidence. Mr. Sheriff, who has been so successful in the forma.
tion of new races of wheat, fertilised the Hopetoun with the Talavera;
in the first and second generations the produce was intermediate in cha.
raeter, but in the fourth generation “it was found to consist of many
varioties; nine-tenths of the florets proved barren, and many of the seeds
seemed shrivelled abortions, void of vitality, and the whole race was
evidently verging to extinction”™ Now, considering how littlo these

9 ¢ Cattle,’ p. 202,
2 M. J. Wilkinson, in * Remarks addressed to Sir J. Sebright,” 1620, p. 35,
™ * Gardener's Chronicle,” 1858, p. 771.
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varieties of wheat differ in any important character, it seems to mo very
improbable that the sterility resulted, as Mr. Sheriff thought, from the
cross, but from some quite distinct cause. Until such experiments are
many times repeated, it would be rash to trust them; but unfortunately
they have been rarely tried even once with sufficient care,

Giirtner has recorded a more remarkable and trustworthy case: he
fertilised thirteen panicles (and subsequently nine others) on a dwarf
maize bearing yellow seed™ with pollen of a tall maize having red seed;
and one head alone produced good seed, only five in number. Though
these plants are monaecious, and therefore do mot require castration,
et I should have suspected some accident in the manipulation had
not Girtner expressly stated that he had during many years grown these
two_varieties together, and they did not spontancously cross; and this,
considering that the plants are moneecious and abound with pollen, and
are well known generally to cross freely, scems explicable only on the belief
that these two varieties are in some degree mutually infertile. The
hybrid plants raised from the above five sced were intermediate in struc-
ture, extremely variable, and perfectly fertile No one, I believe, has
hitherto suspected that these varieties of maize are distinct species: but
had the hybrids been in the least sterile, no doubt Giirtner would at once
have so classed them. I may here remark, that with undoubted species
thare is not necessarily any close relation between the sterility of a first
cross and that of the hybrid offspring. Some species can be crossed with
facility, but produce utterly sterile hybrids; others can be crossed with
extreme difficulty, but the hybrids when produced are moderately fertile,
T am not aware, however, of any instance quite like this of the maize with
natural species, namely, of  first cross made with diffiulty, but yielding
perfectly fertile hybrids.

The following case is much more remarkable, and evidently perplexed

irtner, whose strong wish it was to draw a broad line of distinction
between species and varieties. 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 con-
sisted in crossing white and yellow varieties of both V. ychnitis and V.
Ylattaria with nine other species and their hybrids. That the white and
yellow flowered plants of these two species are really varictics, no one
has doubted; and Girtner actually raised in the case of both species
one variety from the seed of the other. Now in two of his works™ ho
distinetly asserts that crosses between similarly-coloured flowers yield
more seed than between dissimi loured; so that the yellow-flowered
varioty of either species (and conversely with the white-flowered varioty),
when crossed with pollen of its own kind, yields more seed than when
crossed 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

' ¢ Bostarderzeugung,’ 5. 87, 169, M *Kenntniss der Befruchtung s.

See ulso the Table at the end of 137; ‘Bastarderzeugung, s. 92, 181,

volume, On mising the two varieties from seed
1 « Bastarderzeugung, s. 87, 577. see . 307




106 CAUSES WHICH CHECK CraP. XVI.

end of his volume. Tn one instance he gives™ the following details; but T
must premise that Giirtner, to avoid exaggerating the degree of sterility in
his crosses, always compares the mazimum number obtained from a cross
with the average number naturally given by the pure mother-plant. The
white variety of 7. lychnitis, naturally fertilised by its own pollen, gave
from an average of twelve capsules ninety-six good seeds in each; whilst
twenty flowers fertilised with pollen from tho yellow variety of this samo
species, gave as the mazimum only eighty-nine good seed; so that we have
the proportion of 1000 to 908, according to Girtner’s usual scale. I should
have thought it possible that so small a difference in fertility might have
Deen accounted for by the evil effects of the necessary castration; but
Giirtner shows that the white varioty of V. lychnitis, when fertilised first
Dy the white variety of V. Wattaria, and then by the yellow variety of
this species, yielded seed in the proportion of 622 to 438; and in both
these cases castration was performed. Now the sterility which results
from the crossing of the differently colonred varicties of the same species,
is fully as great as that which occurs in many cases when distinet species
are crossed. Unfortunately Girtner compared the results of the first
unions alone, and mot the sterility of the two sets of hybrids produced
from the white variety of V. lychnitis when fertilised by the white and
yellow varicties of V. blattarux, for it is probable that they would have
differed in this respecf

M St laai g glven me the results of a series of experiments on
Verbascum, made by him in the Botanic Gardens of Edinburgh. He re-
peated some of Girtner's experiments on distinct species, but obtained only
fluctuating results; some confirmatory, but the greater number contradic-
tory; nevertheless these seem hardly sufficient to overthrow the conclu-
sions arrived at by Girner from experiments tried on a much larger seale.
In the second place Mr. Scott experimented on the relative fertility of
unions between similarly and dissimilarly-coloured varicties of the same
species. Thus he fertilised six flowers of the yellow variety of V. ychnitis
by its own pollen, and obtained six capsules, and calling, for the sake of
having a_standard of comparison, the average number of good seed in
each one hundred, he found that this same yellow variety, when fertilised
Dy the white variety, yielded from seven capsules an average of ninety-four
sced. On the same principle, the white variety of V. lycinitis by its own
pollen (frém six capsules), and by the pollen of the yellow varicty (eight
capsules), yielded sced in the proportion of 100 to 82.” The yellow variety
of V. thapsus by its own pollen (eight capsules), and by that of the white
variety (only two capsules), yielded seed in the proportion of 100 to 94.
Lastly, the white varicty of V. blattaria by its own pollen (eight capsules),
and by that of the yellow variety (five capsules), yielded seed in the pro-
portion of 100 to 79. So that in every case the unions of dissimilarly-
coloured varietics of the same species were less fertile than the unions of
similarly-coloured varieties; when all the cases are grouped together, the
difference of fertility is as £6 to 100. Some additional trials were made,
and altogether thirty-six similarly-coloured unions yielded thirty-five good

%5 ¢ Bastarderzengung, & 216.
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capsules; whilst thirty-five dissimilarly-coloured unions yielded only twenty~
six good capsules. Besides the foregoing experiments, the purple V. phee-
niceum was crossed by a rose-coloured and a white variety of the same
species; these two varieties were also crossed together, and these several
unions yielded less seed than V. phaniccum by its own pollen. Hence it
follows from Mr. Scott’s experiments, that in the genus Verbascum the
similarly and dissimilarly-coloured varieties of the same species behave,
when crossed, like closely allied but distinct species.”

This remarkable fact of the sexual affinity of similarly-coloured varictics,
as observed by Giirtner and Mr. Scott, may not be of very rare occurrence;
for the subject has not been attended to by others. The following caso
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 (dithaa rosea) may be raised 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 varicties; of theso, eleven varieties produced sixty-two
plants all perfectly true to their kind; and soven produced forty-nine
plants, half of which were true and half false. Mr. Masters of Canterbury
has given me a more striking case; ho saved seed from a great bed of
twenty-four named varieties planted in closely adjoining 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 all shed before the stigma of the same flower is ready to receive
it;** and as bees covered with pollen incessantly fly from plant to plant, it
would appear that adjoining varieties could not escape being crossed. As,
however, this does not oceur, it appeared to me probable that the pollen

% The following facts, given by
Kilreuter in bis * Dritte Fortsetzung,
5. 84, 89, appear at first sight strongly
to confirm Mr. Scott’s and Gi
statements; and fo a certain limited
extent they do so. Kolreuter asserts,
from innumerable observations, that in-
seots incessantly carry pollen from one
species and variety of Verbaseum to
another; and T ean confirm this asser-
tion; yet he found that the white and
yellow varicties of Verbascum lychnitis
often grew wild mingled together : more-
over, e cultivated theso two varicties
in considerable numbers during four

Hence it might have
een thought that both varicties must
have a stronger elective affinity for the
pollen of their own varicty than for
that of the other; this lective affinity,

I may add, of each species for its own
pollen (Kolreuter, « Dritte Forts., s. 39,
and Giirtner, * Bastarderz,’  passim)
being a perfectly well - ascertained
power. But the force of the foregoing
facts is much lessened by Girtner's
numerous experiments, for, differently
from Kilreuter, he nover onco got
(¢ Bastarderz., & 807) an intermediato
tint when he crossed the yellow and
white flowered varieties of Verbasoum.
Sothat the fact of the white and yellow
varieties keeping true to their colour
by seed does not prove that they wero
not mutually fertilised by the pollen
carried by inseets from one to the other.

% « Amaryllidacew, 1887, p. 866.
Giirtner has made a similar observa-
tion.

18 Kolreuter first observed this fact.
« Mém. do I'Acad. St. Petersburg,” vol.
iii. p. 197. See also O. K. Sprengel,
* Das Entdeckte Geheimniss, s, 345.
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of each variety was prepotent on its own stigma over that of all other
varieties. But 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
e finds that it is difficult even fo cross them artificially. Whother this
explanation will fally account for varieties in close proximity propagating
themselves so truly by seed, T do not know.

The following cases are worth giving, as they relate to moncecious forms,
which do not require, and consequently have not been injured by, castra.
tion. Girou de Buzareingues crossed what he designates three varieties
of gourd,** and asserts that their mutual fertilisation is less easy in propor-
tion to the difference which they present. I am aware how imperfectly the
forms in this group were until recently known; but Sageret who ranked
them according to their mutual fertility, considers the three forms above
alluded to as varieties, as does a far higher authority, namely, M. Naudin*
Sagoret™ has observed that certain melons have a greater tendency, what-
ever the cause may be, to keep true than others; and M. Naudin, who has
had such immense experience in thfs group, informs me that he believes
that certain varieties intercross more readily than others of the same
species; but he has not proved the truth of this conclusion; the frequent
abortion of the pollen near Paris being one great difficulty. Nevertheless,
he has grown close together, during seven years, certain forms of Cit.
rullus, which, as they could be artificially crossed with perfect facility and
produced fertile offspring, are ranked as varieties; but these forms when
not artificially erossed kept true. - Many other varietics, on the other hand,
in the same group cross with such facility, as M. Naudin repeatedly insists,
that without being grown far apart they cannot be kept in the least true.

Another case, though somewhat different, may be here given, as it is
bighly remarkable, and is established on excellent evidence. Kolreuter
minutely describes five varieties of the common tobaceo? which were
reciprocally crossed, and the offspring were intermediate in character and
as fertilo as their parents: from this fct Kolreuter inferred that they are
really varieties ; and no one, as far as T can iscover, seems to have doubted
that such is the case. He also crossed reciprocally these five varieties with
. 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

¥ Namely, Barbarines, Pastissons,
Giraumous : * Annal. des Sc. Nat., tom,
xxx,, 1833, pp. 398 and 405,

* ¢Mémoire sur les Cucwrbitaces,’
1826, pp. 46, 55.

2 ¢ Annales des Se. Nat,,” 4¢h series,
tom. vi. M. Nuudin considers these
forms as undoubtedly varieties of Cu-
curbita pepo.

2 ¢ Mém. Cucurb.,’ p. 8.

# *Zweite Forts., s. 53, namely, Ni-
cotiana major vulgaris; (2) perennis ;

(3) Transylvanica; (4) a sub-var. of
the last ; (5) major lutifol. Al alb.
 Kolrouter was so much struck with
this fact that he suspected that a little
‘pollen of N. glutinosa in one of his ex-
‘periments mi

var. perennis, and
ing power. But
we now know conclusively from Giirtner
(‘ Bastarderz,’ s. 84, 43) that two kinds
of pollen never act conjoiutly on a third
species; still less will the pollen of &
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capacity of this one variety has certainly been in some degree modified,
50 as to approach in nature that of N. glutinosa.®

These facts with respect to plants show that in some fow
cases certain varieties have had their sexual powers so far
modified, that they cross together less readily and yield less
seed than other varieties of the same species. We shall pre-
sently see that the sexual functions of most animals and plants
are eminently liable to be affected by the conditions of life to
which they are exposed; and hereafter we shall briefly discuss
the conjoint bearing of this and other facts on the difference in
fertility between crossed varieties 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 direc
facts in its support ; but unfe ly no one has 5
in the case of either animals or plants, the fertility of an-
ciently domesticated varieties, when crossed with a distinet
species, 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 distinct species of Gallus or Phasianus; and the

distinet species, mingled with o plant’s
own pollen, if the latter bo present in
sufficient quantity, have any effect. The
sole effect of mingling two kinds of
‘pollen is to produce in the same capsule
seeds which yield plants, some taking
after the one and some after the other
parent.

% Mr. Scott has made some observa-
tions on the absolute sterility of a purple
and white primrose (Primula wdgaris)
when fertilised by pollen from the
common primrose (* Journal of Proc. of
Linn. Soc.,” vol. viii, 1864, p. 98); but

* these observations require confirmation.

Traised anumber of purple-flowered long-
styled scedlings fromseed kindly sent me
by Mr. Scott, and, though they were all
in some degree sterile, they were much
more fertile with pollen aken from the
cowmon primrose than with their own

pollen. Mr. Scott has likewise de-
scribed o red equal-siyled cowslip
(P. veris, idem, p. 106), which was
found by him to be highly sterile when
crossed with the common cowslip ;
but this was not the case with several
cqual-styled red scedlings raised by me
from his plant. This variety of the
cowslip presents the remarkablo pe-
culiarity of combining male organs in
every respect like those of the short-
styled form, with female organs resem-
bling in fanction and partly in structurc
thos of the long-styled form ; so that
we have the singular anomaly of the
two forms combined in the same flower.
Henco it is not surprising that these
flowers should be spontancously self-
fertile in a high degree.

¢ Act, Acad. St. Petersburg,” 1780,
part ii., pp. 84, 100,
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experiment would in all cases be surrounded by many diffi-
culties. Dureau de la Malle, who has so closely studied classical
literature, states? that in the time of the Romans the common
mule was produced with more difficulty than at the present
day ; but whether this statement may be trusted I know not. A
much more important, though somewhat different, case is given
by M. Groenland,® namely, that plants, known from their inter-
mediate character and sterility to be hybrids between Egilops
and wheat, have perpetuated themselves under culture since
1857, with a rapid but varying increase of fertility in each genera-
tio. 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 doctrine
appears to me to be extremely strong. In the earlier chapters
I have attempted to show-that our various breeds of dogs are
descended from several wild species; and this probably is the
case with sheep. There can mo longer be any doubt that
the Zebu or humped Indian ox belongs to a distinct species from
European cattle: the latter, moreover, are descended from two
or three forms, which may be called either species or wild races,
but which co-existed in a state of nature and kept distinet. We
have good evidence that our domesticated pigs belong to at
Teast two specific types, . serofa and Indica, which probably
lived together in a wild state in South-castern Europe. Now, a
widely-extended analogy leads to the belief that if these several
allied species, in the wild state or when first reclaimed, had
been crossed, they would have exhibited, both in their first
unions and in their hybrid offspring, some degree of sterility.
Nevertheless the several domesticated races descended from
them are now all, as far as can be ascertained, perfectly fertile
together. If this ing be tr and it is app i)
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.

2 ¢« Annales des Sc. Nat.," tom. xxi. (1st series), p. 61.
 ¢Bull. Bot, Soc. de France,” Dec. 27th, 1861, tom. viil. p. 612.
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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 mo-
dification of organic beings: As Buffon long ago remarked
domestic animals breed oftener in the year and produce more
young at a birth than wild animals of the same species ; they,
also, sometimes breed at an earlier age. The case would hardly
have deserved further notice, had not some authors lately

, attempted to show that fertility increases and decreases in an

inverse ratio with the amount of food. This strange doctrine
has apparently arisen from individual animals when supplied
with an inordinate quantity of food, and from plants of many
kinds when grown on excessively rich soil, as on a dunghill,
becoming sterile; but to this latter point I shall have occasion
presently to return.  With hardly an exception, our domesticated
animals, which have long been habituated to a regular and
copious supply of food, without the labour of searching for it,
are more fertile than the corresponding wild animals. Tt is
notorious how frequently cats and dogs breed, and how many
young they produce at a birth, The wild rabbit is said
genenally fo breed four times yearly, and to produce from
four to eight young; the tamo rabbit breeds six or seven times
yearly, and produces from four to eleven young. The ferret,
though generally so closely confined, is more prolific than its
supposed wild prototype. The wild sow is remarkably prolific,
for she often breeds twice in the year, and produces from four to
eight and sometimes even twelve young at a birth; but the
domestic sow regularly breeds twice a year, and would breed
oftener if permitted ; and a sow that produces less than eight at
a birth “is worth little, and the sooner she is fattened for the
butcher the better.” The amount of food affects the fertility
even of the same individual: thus sheep, which on mountains
never produce more than one lamb at a birth, when brought
* Quoted by Isid. Geoffroy St subject has appeared in Mr. Herbert
laire, * Hist. Naturelle Générale, tom.  Spencer’s *Principles of Biology,” vol.

i. p.476. Since this MS. has been sent i, 1867, p. 457 et seq.
to press a full discussion on the present
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down to lowland pastures frequently bear twins. This differ-
ence apparently is not due to the cold of the higher land, for
sheep and other domestic animals are said to be extremely
prolific in Lapland. Hard living, also, retards the period at
which animals conceive ; for it has been found disadvantageous
in the northern islands of Scotland to allow cows to bear calves
before they are four years old.*

Birds offer still better evidence of increased fertility from domestication :
the hen of the wild Galus bankiva Tays from six to ten eggs, & number
which would e 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-foeding, care, and moderate
warmth induce a habit of prolificacy which becomes in some measure
hereditary.” Whether the semi-domesticated dovecot pigeon is more
fertile than the wild rock-pigeon, €. livia, I know mot; but the more
thoroughly domesticated breeds are nearly twice as fertile as dovecots
the latter, however, when caged and highly fed, become equally fertile
with house pigeons. The peahen alone of domesticated birds is rather
more fertile, according to some accounts, when wild in its native Indian
Tome, than when domesticated in Europe and exposed to our much colder
climate!

With respect to plants, no one would expect wheat to tiller more, and
each car to produce more grain, in poor than in rich soil; or to get in
poor soil a heavy crop of peas or beans. Seeds vary so much in number

® For cats and dogs, &c., see Bel-
lingeri, in Annal. des Se. Nat,’ 2nd
series, Zoolog, tom. xil. p. 155. For
ferrets, Beclstein, ¢ Naturgeschichte
Deutschlands,’ Band i, 1801, s. 786,
795. For rabbits, ditto, 5. 1123, 1131 ;
it Fu s “Gesohichte der Natur,
5. 99. For mountain sheep, ditto,
s 102 For the fertility of the wild
sow, s Bechstein’s ~ Naturgesch.
Deutschlands,” B, i, 1801, s, 534; for
the domestic pig, Sidney's edit. of

p- 222, About the Highland cows, sec
Hogg on Shecp, p. 263.

31" For the eges of Gallus bankiva, see
Biyth, in  Annals and Mag. of Nat.

Hist. 2nd series, vol. i., 1848, p. 436.
For wild and tame ducks, Macgillivray,

“British Birds," vol. v. p. 87; und * Die
Enten,’ s. 87. For wild geese, L. Llogd,
‘Scandinavian  Adventures, vol.
1854, p. 413; and for tame geose,
“Ornamental Poultry,’ by Rev. E. 8.
Dixon, p. 139. On the breeding of
pigeons, Pistor, ‘Das Ganze der Tau-
benzucht,” 1851, s. 46; and Boitard and
Corbié, ‘Tes Pigeons, p. 158. With
respect to peacocks, according to Tem-
minck (*Hist. Nat. Gén. des Pigeons,’
&e, 1813, tom ii. p. 41), the hen lays
in Tndia even as many as twenty eggs;
but according to Jerdon and another
writer (quoted in Tegetmeier's * Poultry
Book, 1866, pp. 280, 282), she there lays
only from four to nine or ten eggs: in
England she is caid, in the *Poultry
Book,' to lay five or six, but another
writer says from eight to twelve eggs.
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that it is difficult to estimato them; but on comparing beds of carrots
saved for seed in a nursery garden with wild plants, the former seemed
to produce about twice as much seed. Cultivated cabbages yiclded
thrico as many pods by measuro as wild cabbages from the rocks of
South Wales. The excess of berries produced by tho cultivated Aspa-
Tagus in comparison with the wild plant i enormons. No doubt many
highly cultivated plants, such as pears, pineapples, bananas, sugar-cane,
&., are nearly or quito sterile; and I am inclined to attribute this
sterility o excess of food and to other unnatural conditions; but to this
subject T shall presently recur.

In some cases, as with the pig, rabbit, &c., and with those
plants which are valued for their seed, the direct selection of
athe more fertile individuals has probably much increased their
fertility ; and in all cases this may have occurred indirectly, from
the better chance of the more numerous offspring produced by
the more fertile individuals having survived. 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 subordinate part; and their increased
fertility must be attributed to the more favourable conditions of
life under which they have long existed.

VOL. IT. 1
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CHAPTER XVIIL

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

DEFINITION OF CLOSE INTERBREEDING — AUGMENTATION OF MORBID TENDENCIES —
CROSSING, AND ON THE
NG — CATTLE, CLOSELY INTERBRED ; HAL]
WILD CATTLE LONG KEPT IN THE SAME PARKS — SHEEP — FALLOW-DEER — DOGS —
RABBITS — PIGS — MAN, ORIGIN OF HIS ABHORRENCE OF INCESTUOUS MARRIAGES
— FOWLS — PIGEONS — HIVE-BEES — PLANTS, GENERAL CONSIDERATIONS ON 1T
BENEFITS DERIVED FROM CROSSING — MELONS, FRUIT-TREES, PEAS, CABBAGES,
WHEAT, AND FOREST-TREES — ON THE INCREASED SIZE OF HYDRID PLANTS, NOT
CLUSIVELY DUE TO THEIR STERILITY — ON CERTAIN PLANTS WHICH EITHER
NORMALLY OFf ABNORMALLY ARE SELF-IMPOTENT, BUT ARE FERTILE, BOTH ON THE
MALE AND FEMALE SIDE, WHEN CROSSED WITH DISTINCT INDIVIDUALS EITHER OF
THE SAME OR ANOTHER SPECIES — CONCLUSION.

THE gain in constitutional vigour, derived from an occasional
cross between individuals of the same variety, but belonging to
distinet families, or between distinet varieties, has not been so
largely or so frequently discussed, as have the evil effects of too
close interbreeding. But the former point is the more important
of the two, inasmuch as the evidence is more decisive. The
evil results from close interbreeding are difficult to detect, for
they accumulate slowly, and differ much in degree with dif-
ferent species; whilst the good effects which almost invariably
follow a cross are from the first manifest. It should, however,
bo clearly understood that the advantage of close interbreeding,
as far as the retention of character is concerned, is indisput-
able, and often outweighs the evil of a slight loss of constitu-
tional vigour. In relation to the subject of domestication, the
whole question is of some i as too close interbreeding
interferes with the improvement of old races, and especially
with the formation of new ones. It is important as indirectly
bearing on Hybridism ; and perhaps on the extinction of species,
when any form has become so rare that only a few individuals
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remain within a confined area. It bears in an important
manner on the influence of freo intercrossing, in obliterating
individual differences, and thus giving wniformity of character
to the individuals of the same race or species; for if additional
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. Hence I shall discuss
this subject at full length. As the facts which prove the ovil
effects of close interbreeding are more copious, though less
decisive, than those on the good effects of crossing, I shall, under
each group of beings, begin with the former.

There is no difficulty in defining what is meant by a cross;
but this is by no means easy in regard to “ breeding in and in”
or “too close interbreeding,” because, as we shall see, different
species of animals are differcntly 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. Scbright, believe that the
pairing of a brother and sister is closer than that of parents
and children; for when the father is matched with his daughter
he crosses, as is said, with only half his own blood. The con-
sequences of close interbreeding carried on for too long a time,
are, as s generally believed, loss of size, constitutional vigour,
and fertility, sometimes accompanied by a tendency to mal.
formation. ~ Manifest evil does not usually follow from pairing
the ‘nearest relations for two, three, or even four genera~
tions; but several causes interfere with our detecting the evil
—such as the deterioration being very gradual, and tho diff-
culty of distinguishing between such direct evil and the inevit-
ablo augmentation of any morbid tendencics 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 conspicuous.
There is reason to believe, and this was the opinion of that most
experienced observer Sir J. Sebright,! that the evil effects of
close interbreeding may be checked by the related individuals

! “The Art of Improving the Breed, &c.," 1809, p. 16.
12
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being separated during a few generations and exposed to different
conditions of life.

That evil directly follows from any degree of close inter-
breeding 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: that this is an active source of mischief there can be
no doubt. It is unfortunately too notorious that men and
various domestic animals endowed with a wretched constitu-
tion, and with a strong hereditary disposition to disease, if not
actually ill, are fully capable of procreating their kind. Close
interbreeding, on the other hand, induces sterility ; and this
indicates something quite distinct from the augmentation of

‘morbid tendencies common to both parents. The evidence

immediately to be given convinees me that it is a great law of
nature, that all organic beings profit from an occasional cross
with individuals not closely related to them in blood; and
that, on the other hand, long-continued close interbreeding is
injurious,

Various general considerations have had much influence in
leading me to this conclusion; but the reader will probably rely
more on special facts and opinions. The authority of experi-
enced observers, even when they do not advance the grounds of
their belief, is of some little value. Now almost all men who
have bred many kinds of animals and have written on the
subject, such as Sir J. Sebright, Andrew Knight, &c,? have

pressed the strongest conviction on the impossibility of long-
continued closo interbreeding. Those who have compiled works
on agriculture, and have associated much with breeders, such as
the sagacious Youatt, Low, &c., have strongly declared their
opinion to the same effect. Prosper Lucas, trusting largely
to French authorities, has come to a similar conclusion. The
distinguished German i ist Hermann von Nathusius,
who has written the most able treatise on this subject which
T have met with, concurs; and as I shall have to quote from

? For Androw Kuight, seo A. Walker, on * Intermarriage,’ 1898, p. 227, Sir J,
Sebright’s Treatise has just been quoted.
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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 himself an experienced breeder.

Evidence of the evil effects of close interbreeding can most
readily be acquired in the case of animals, such as fowls,
pigeons, &e., which propagate quickly, and, from being kept in
the same place, are exposed to the same conditions. Now I
have inquired of very many breeders of these birds, and I have
hitherto not met with a single man who was not thoroughly
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 their opinion, of deterioration,
to make a cross. The purchase of a first-rate bird of another'
strain is expensive, and excl are troublesome; yet all
breeders,.as far as I can hear, excepting those who keep large
stocks at different places for the sake of crossing, are driven
after a time to take this step.

Another general consideration which has had great influence
on my mind i, that with all hermaphrodite animals and plants,
which it might have been thoughtewould have perpetually ferti.
lised themselves, and thus have been subjected for long ages to
the closest interbreeding, there is no single species, as faras I can
discover, in which the structure ensures self-fertilisation. On the
contrary, there are in a multitude of cases, as briefly stated in
the fifteenth chapter, manifest adaptations which favour or inevit-
ably 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 Cattle thero can be no doubt that extremely close interbreeding
may be long carried on, advantageously with respect o external characters
and with no manifestly apparent evil as far as constitution is concerned.
The same remark is applicable to sheep. Whether these animals havo
gradually been rendered less susceptible than others to this evi, in order
to permit them to live in herds,—a habit which leads the old and vigorous
males to expel all intraders, and in consequence often to pair with their
own daughters, T will not pretend to decide. The case of Bakewell’s Long-
horns, which were closely interbred for a long period, has often been
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quoted; yet Youatt says® the breed “had acquired a delicacy of consti-
tution inconsistent with common management,” and * the propagation of
the species was not always certain.” But the Shorthorns offer the most
striking caso of closo interbreeding; for instance, the famous bull
Favourite (who was himself the offspring of a half-brother and sister from
Foljombe) was matched with his own daughter, granddaughter, and
areat-granddanghter; so that the produce of this last wnion, or tho
great-great-granddaughter, had 15-16ths, or 9375 per cent. of the blood
of Favourite in her veins. This cow was matched with the bull Well-
ington, having 625 per cent. of Favourito blood in his veins, and pro-
duced Clarissa; Clarissa was matched with th bull Lancaster, having
6875 of the samo blood, and she yielded valuable offspring* Nevertheloss
Collings, who reared these animals, and was a strong advocate for closo
breeding, onco crossed his stoek with a Galloway, and the cows from this
cross realised the highest prices. Bates's herd was esteemed the most cele.
brated in the world. For thirteen years ho bred most closely in and in ;
but during the next soventeen years, though he had the most exalted
notion of the value of his own stock, he thrice infused fresh blood into his
herd: it is said 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,’ was, that to breed in and in from a bad stock
was ruin and devastation; yet that the practice may bo safely followed
‘within cortain limits when the parents so related are descended from first-
rate animals.”  We thus see that there has been extremely closo inter-
breeding with Shorthorns ; but Nathusius, after the most carcful study
of their pedigrees, says that he can find no instance of & 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 canoble the stock; but that*in effocting this the greatest caro iy
necossary, on account of tho tendency to infertility and weakness. It
may be added, that another high authority® asserts that many more calves
are born eripples from Shorthorns than from other and less closely nter-
Dred races of cattle.

Although by carefully selecting the best animals (as Nature cffectually
does Dy the Iaw of battle) closo interbreeding may bo long carried o
with cattle, yet the good effects of a cross between almost any two breods
s ab once shown by the greater size and vigour of the offspring; as
Mr. Spooner writes fo mo, “ crossing distinct breeds certainly fmproves
cattle for the butcher.” Such crossed animals aro of course of no valuo fo
the breeder; but they have been raised during many years in soveral

2 <Caitle,’ p. 199.

* Nathusius, * Ueber Shorthorn Rind-
vieh,' 1857, 5. 71: see also * Gardener's
Chronicle, 1860, p. 270. Many analo-
gous cases are given in a pumphlet ro-
cently published by Mr. C. Macknight
and Dr. H. Madden, ‘On the True
Principles of Breeding;’ Melbourne,

Australia, 1865.

® Mr. Willoughby Wood, in *Gar-
dener’s Chronicle,’ 1855, p. 411; and
1860, p. 270. See the very clear tables
and pedigrees given in Nathusiug’
“Rindvich, s. 72-77.

© Mr. Wright, ‘Journal of Royal
Agricult. Soc., vol, vil, 1846, p. 204,
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parts of England to be slaughtered;” and their merit is now so fully

ised, that at fat-cattlo shows a separate class has been formed for
their reception. 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 parks probably
for 400 or 500 years, or even for a longer period, have been advanced by
Culley and others as a case of long-continued interbreeding within the
limits of the same herd without any consequent injury. With respect to
the cattlo 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 amnual
rate of increase must be likewise about one in five. The bulls, T may add,
engage in furious battles, of which battles the present Lord Tankerville
has given me a graphic description, so that there will always be
Tigorous selection of the most vigorous males. T procured in 1855 from
Mr. D. Gardner, agent to the Duke of Hamilton, the following account of
the wild cattle kept in the Duke’s park in Lanarkshire, which is about
200 acres in extent. The mumber of cattlo varies from sixty-five to cighty ;
and the number annually killed (I presume by all causes) is from eight to
ten; so that the annual rate of increase can hardly be more than one in six.
Now in South America, where the herds are half-wild, and therefore offor
a nearly fair standard of comparison, according to Azara the natural
inerease 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 consumption. Hence the half-wild
British cattle which have long interbred within the limits of the same
herd are relatively far less fertile. Although in an unenclosed country
like Paraguay there must,be some crossing between the different herds,
yet even there the inhabitants believe that the occasional introduc-
tion of animals from distant localitics is necessary to prevent “ degene-
ration in size and diminution of fertility.”® The decrease in sizo from
ancient times in the Chillingham and Hamilton cattlo must have been
prodigious, for Professor Ritimeyer has shown that they are almost cer-
tainly the descendants of the gigantic Bos primigenius. No doubt this
decrease in size may be largely attributed to less favourable conditions of
life; yet animals roaming over large parks, and fod during severe winters,
can hardly be considered as placed under very unfavourable conditions.

With Sheep there has often been long-continued interbreeding within the
Timits of the same flock; but whether tho nearest relations have been
matehed so frequently as in the case of Shorthorn cattle, T 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 principle with the Foscote flock. Ho asserts that half a century

7 Youatt on Cattle, p. 202.
® Report British Assoc., Zoolog. Sect., 1838,
¢ Azara, * Quadrupedes du Paraguay, fom.

Dp. 354, 368
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of experionce has convinced him that when two nearly related animals
e quite sound in constitution, in-and-in breeding does not induco dege.
peracy; but he adds that he “ does ot pride himself on brecding from
the nearest affinities.” Tn Franco tho Naz flock has boen brod for sixty
yours without the introduction of a singlo strango ram® Nevertheloss,
most great broeders of sheep have protested against closo intorbreoding
prolonged for too great a length of time The most cclebrated of rocent
breeders, Jonas Webb, kept five separate families to work on, thus * rotain.
ing the requisite distanco of relationship between the sexes”™

Although by the aid of caroful seloction the near interbreeding of sheep

tho practice with farmers to cross distinct breeds to obtain animals for the
putcher, which plainly shows that good is erived from this practice,
M. Spooner sums up his excellent Essay on Crossing by asserting that
thero is a dircot pecuniary advantago in judicious cross-breeding, espocially
When the malo is larger than the female. A former celobrated brooden,
Lord Somervill, distinetly states that his half-breods from Ryelands and
Spanish sheep were larger animals than cither the pure Ryclands or pure

Spanish sheep

As some of our British parks aro ancient, it ocourred to mo that thero
must havo been long-continued close interbroeding with the fallow dees
(Cerous dama) kept in them; but on inquiry T find that it i a common
prmctico fo infoso new blood by proeuring bucks from other parks.
Mr. Shirloy, who has carefully studied. tho management of deor, admity
that in some parls thero has been no admixture of foreign blood from »

o wholo herd, though it may take a vory long time to prove it;
“ moreover, when we find, as is very constantly the case, that the intro-
“ duction of fresh blood has been of the very greatest use to deer, both
2 by Improving their sizo and appearance, and particularly by beng of

“service in removing the taint of ¢
“which deer are sometimes subject when

rickback,” if not of other diseases, to

the blood has not been

- changed, thero can, I think, be no doubt but that a judicions crom
"¢ ith 0 good stock s of tho greatest consequence, and is indeed essentinl,
**sooner or later, to the prosperity of every well-ordered park.”

Alr. Meynell's fumous foxhounds have been adduced, as showing that no
ll effects follow from closo interbreeding; and Sir J. Scbright assertainey
from him that ke frequently bred from father and daughter, mothor aud

by SoC SR

1 For the case of the Messrs, Brown,
s¢6 * Gard. Chronicle, 1835, p. 26. For
the Foscoto flock, ¢ Gard, Chron.,’ 1860,
P- 416 For the Naz flock, * Bull, de I
Soc. d’Acclimat.,’ 1860, p. 477,

" Nathusivs, ‘Rindvieh, s 65;
Youatt on Sheep, p. 495.

2 ¢ Gard. Chronicle,’ 1861, p. 631.

%3 Lord Somerville, * Facts on Sheep

and Husbandry,’ p. 6. Mr. Spooner, in
‘Journal of Royal Agricult. Soc. of
England,’ vol. xx., part ii. Ses also an
excellent paper on the sume subject
in “Gard. Chronicle, 1860, p. 521, by
Mr. Charles Howard.

™ *Some Account of English Deer
Parks’ by Evelyn P. Shirloy, 1867.
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son, and sometimes even from brothers and sisters. Sir J. Scbright,
however, declares, that by breeding in-and-in, by which he means
matching brothers and sisters, he has actually seen strong spaniels becomo
weak and diminutive lapdogs. The Rev. W. D. Fox has communicated
to me the case of a small 1ot of bloodhounds, long kept in the same fumily,
which had becomo very bad breeders, and nearly all had a bony enlarge.
ment in the tail. A single cross with a distinct strain of bloodhounds
Testored their fertility, and drove away the tendency to malformation in
the fail. I have heard the particulars of another case with bloodhounds,
in which the female had to be held to the male. Considering how rapid
is the natural increase of the dog, it is difficult to understand the high
price of most highly improved breeds, which almost implies long-continued
closo interbroeding, except on tho belief that this process lessens fertility
and increases liability to distemper and other diseases. A high authority,
Mr. Serope, attributes the rarity and deterioration in size of the Scotch
deerhound. (the few individuals now existing throughout the country
being all related) in large part to close interbreeding.

With all highly-bred animals there is more or less diffieulty in gotting
them fo procreate quickly, and all suffer much from delicacy of constitu-
tion; but I do not pretend that these effects ought to be wholly attributed
to close interbreeding. A great judge of rabbits™ says, “ the long-cared
does are often too highly bred or forced in their youth to be of much value
8 breeders, often turning out barren or bad mothers” Again: “Very
long-eared bucks will also sometimes prove barren.” These highly-bred
Tabbits often desert their young, so that it is necessary to have nurse-rabbits,

With Pigs there is more unanimity amongst breeders on the evil
effects of close interbreeding than, perhaps, with any other large animal.
Mr. Druce, a great and successful breeder of the Tmproved Oxfordshires
(a crossed race), writes, “ without a change of boars of a different tribe,
but of the same breed, constitution cannot be preserved.” Mr. Fisher
Hobbs, the raiser of the celebrated Improved Essox breed, divided his
stock into threo soparate families, by which means he maintained the
breed for more than twenty years, “ by judicious selection from the Zhree
distinet famlies."™ Lord Western was the first importer of a Neapolitan
boar and sow. “From this pair he bred in-and-in, until the breed was
in. danger of becoming extinct, a sure result (as Mr. Sidney remarks) of
in-and-in breeding.” Lord Western then crossed his Neapolitan pigs with
the old Essex, and made tho first great step towards the Tmproved Essox
breed. Here is a moro interesting case. Mr. J. Wright, well known as a
breeder, crossed* tho same boar with the daughter, granddaughter, and
great-granddaughter, and so on for seven generations. The result was,
that in many instances the offspring failed to breed; in others they pro-
duced few that lived; and of the latter many were idiotic, without sense

¥ “The Art of Improving the Breed; 17 Sidney's edit. of Youatt on the Pig,
&e, p. 13. With respect to Scotch 1860, p. 30; p. 33, quotation from Mr,
deer-hounds, seo Scrope's ¢ Art of Deer  Druce; p. 29, on Tord Western's case,
Stalking," pp. 350-358, ' “Journal, Royal Agricult. Soc. of
1* *Cottage Gardener, 1861, p. 327.  England,’ 1846, vol. vii, p. 205.
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external form or merit of the young; but with many of them the general
constitution and mental powers, and especially the reproductive functions,

were seriously affected,

Nathusius gives™ an analogous and cven more striking case: ho im-
ported from England a preguant sow of the large Yorkshire breed, and
bred the product closely in-and-in for three generations: the result, was

unfavourable, as the

young were weak in constitution, with impaired

fertility. Onme of the latest sows, which he esteemed a good animal, pro-
duced, 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 paired this sow with a boar of a small

black breed, which he had likewis

e imported from England, and which

boar, when matehed with sows of his own breed, produced from soven fo
nine young: now, the sow of tho largo 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 sccond litter eighteen young pigs; so
that in one year she produced thirty-nine fine young animais!

As in the caso of several other animals already mentioned, even when no

injury is from

words of Mr. Coate, & most success

close i , yet, to quote the
ful breeder (who five times won the

amnual gold medal of he Smithfield Club Show for the best pen of pigs),
“ Crosses answer well for profit to the farmer, as you get moro con.
stitution and quicker growth ; but for me, who sell a groat number of pigs
for Treeding purposes, I find it will not do, as it requires many years fo
get anything like purity of blood again.”

Before passing on to Birds, T ought to refer to man, though I
am unwilling to enter on this subject, as it is surrounded by

natural prejudices. Tt has

ver been discussed by various

authors under many points of view” Mr. Tylor® has shown

¥ “Usber Rindvieh,' &, . 78,

» Sidney on the Pig, p. 36, Se
also note, p. 4. Also Richardson on
the Pig, 1847, p. 26.

* Dr. Dally has published an excel-
Jent article (transluted in the * Anthro-
polog. Roview, May, 1864, p. 65),
criticising all writers who have main.
tained that evil follows from con.
sanguincous marriages. No doubt on
this side of the question many advocates

have injured their cause by inacou-
Tacies : thus it has been stated (Devay,
Du Danger des Mariages,’ &c., 1862,
P- 141) that the marriages of cousing
have been proliibited by the legislaturo
of Ohio; but I have been assured, in
answer to inquiries made in the United
States, that this statement is o mero
fuble.

= See his most interesting worl on the
* Early History of Man,’ 1865, chap. x,
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that with widely different races, in the most distant quarters of
the world, marriages between relations—even between distant
relations—have been strictly prohibited. A few exceptional
cases can be specified, especially with royal families; and these
have been enlarged on in a learned article by Mr. W. Adam,
and formerly in 1828 by Hofacker. Mr. Tylor is inclined to
believe that the almost universal prohibition of closely-related
marriages has arisen from their evil effects having been observed,
and he ingeniously explains some apparent anomalies in the
prohibition not extending equally to the relations on both the
male and female side. He admits, however, that other causes,
such as the extension of friendly alliances, may have come into
play.  Mr. W. Adam, on the other hand, concludes that related
marriages are prohibited and viewed with repugnance from the
confusion which would thus arise in the descent of property, and
from other still more recondite reasons; but I cannot aceept,
this view, seeing that the savages of Australia and South
America,* who have no property to bequeath or fine moral
feelings to confuse, hold the crime of incest in abhorrence.

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

* On Consanguinity in Marriage, in % Sir G. Grey's ‘Journal of Expe-
the * Fortnightly Review, 1865, p.710;  ditions into Australia, vol. ii. p. 243 ;
Hofucker, Ucber dic Eigenschaften,’ and Dobrighoffer, *On the Abipones of
&e. South America.”
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thus unconsciously have acquired their dislike and even abhor-
rence of incestuous marriages, rather than that they should have
discovered by reasoning and observation the evil results. The
abhorrence occasionally failing is no valid argument against the
feeling being instinctive, for any instinct may occasionally fail
or become vitiated, as sometimes oceurs with parental love and
the social sympathies. In the case of man, the question whe-
ther evil follows from close interbreeding will probably never
be answered by direct evidence, as he Ppropagates his kind so
slowly and cannot be subjected to experiment; but the almost
universal practice of all races at all times of avoiding closely-
related marriages is an argument of considerable weight; and
whatever conclusion we arrive at in regard to the higher animals
may be safely extended to man.

Turning now to Birds: in the case of the Foul a whole array of autho-
pities could bo given against too close interbrocding.  Sir J. Scbright posi-
tively asserts that he mado many trials, and that his fowls, when thus
treated, became long in the legs, small in the body, and bad broeders®
Ho produced the fumous Sobright Bantams by complicated crosscs, and by
breoding in-and-in; and since his time there has been much close infer.
breeding with these Bantams; and they are now notoriously bad breedors,
T have scen Silver Bantams, dircetly descended from his stock, which had

. become almost as barren as hybrids; for not a single chicken had been

these Bantams tho sterility of the male stands, with rare exceptions, in tho
closest relation with their loss of cortain secondary male characters: ho
2dds, T havo noticed, as  gencral rule, that even the slightest doviation
. from fominine character in the tail of tho male Sebright—say the
» clongation. by only half an inch of the two principal fail-foathers-.
 brings with it improved probability of increased fortility.”

Mr. Wright states” that Mr. Clark, “whoso fighting-cocks wero so
<+ notorious, continued o breed from his own kind till they lost their dis.
+» position to fight, but stood. to bo cut up without, making any resistance,

& fho best prizes; but on obtaining a cross from Mr. Leighton, thoy
+ aguin resumed their former courago and weight” It should be borge
in mind that game-cocks before they fought wero always weighed, 2o that
nothing was left to the imagination about any reduction or ierease of

g, The Ast of Improving the Breod,'  Poultry Book,” by Tegetmeier, 1866, D
13, 185, with respect to the extent to which
» iTho Poultry Book by W. B.  cock-fighters fomd that they somd
Tegetmeier, 1866, p. 245, venture to breed in-and-in, viz,, occa~

“Journal Royal Agricult. Soc!  sionally a hen with hor own son buf
1846, vol. vii. p. 205 40 aleo Ferguson  they were cautious not fo.repoat the
on the Fowl, pp. 83,317 ; see also *The  in-and-in brecding.»
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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
trils, that there was a greater reduction in weight in the young from a
father paired with his daughter, than from a mother with her son. I may
add that Mr. Eyton, of Eyton, the 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. 8o it is with Malays, according to Mr. Hewitt, as far as size is
concerned®

An experienced writer® remarks that tho samo amateur, as is well
known, seldom long maintains the superiority of his birds; and this, he
adds, undoubtedly is duo to all his stock “ being of the same blood ;”
hence it s indispensablo that he should occasionally procure 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 moro prizes with theso birds than any other
fancier in England, says that breeding in-and-in does not necessarily cause
deterioration; “but all depends upon how this is managed.” My plan
“has been to keep about five or six distinct runs, and fo rear about
“ two hundred or threo hundred chickens each year, and select the best
“ birds from each run for crossing. I thus secure sufficient crossing to
“ prevent deterioration.”

We thus seo that there is almost complete unanimity with poultry-
breeders that, when fowls are kept at the same place, evil quickly follows
from interbreeding carried on to an extent which would be disregarded
in the case of most quadrupeds. On the other hand, it is a gencrally
received opinion that cross-bred chickens are tho hardicst and most casily
reared® Mr. Tegotmeier, who has carefully attended to poultry of all
Treeds, says® that Dorking hens, allowed to run with Houdan or Creveccenr
cocks, “ produce in the early spring chickens that for size, hardihood,
“ early maturity, and fitness for the market, surpass thoso of any pure
“ breed that wo have ever raised.” Mr. Hewitt gives it as a general rule
with fowls, that crossing the breod increases their size. Ho makes this
remark after stating that hybrids from the pheasant and fowl are con-
siderably larger than either progenitor: so again, hybrids from the male
golden pheasant and hen common pheasant “are of far larger size than
either parent-bird.”® To this subject of the increased size of hybrids T
shall presently return. N

With Pigeons, breeders are unanimous, as previously stated, that it is
absolutely indispensable, notwithstanding the trouble and expense thus
caused, oceasi ir much-prized birds with individuals of

3 t leir -pri
another strain, but belonging, of course, to the same variety. It deserves

* ‘Tho Poultry Book, by W. B.  ® *The Poultry Chronicle, vol.i. p.
Tegetmeier, 1866, p. 79. .

® ¢Tho Poultry Chronicle, 1854, vol.  # ¢The Poultry Book;” 1866, p. 210.
ip. 43, ® Ibid, 1866, p. 167; and * Poultry
# ‘The Pouliry Book, by W. B. Chronicle, vol. fii, 1855, p. 15,
Tegetmeier, 1866, p. 79.
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notice that, when large size is ono of the desired characters, as with
pouters, tho evil effects of closo interbreeding are much sooner perceived
than when small birds, such as short-faced tumblers, are valued. The
extreme delicacy of the high fancy breeds, such as these tumblers and
improved English carriers, is remarkable; they are liable to many diseases,
and often dio in the ogg or during the first moult; and their eggs have
generally to bo hatched tnder foster-mothers. Although these highly-
prized birds have invariably been subjected to much close interbreoding,
yet their extreme delicacy of constitution cannot perhaps be thus fully
explained, Mr. Yarroll informed mo that Sir J. Sebright contimued closely
interbreeding some owl-pigeons, until from their extremo sterility he ns
nearly as possible lost the whole family. Mr. Brent® tried to raiso & broed
of trampeters, by crossing a common pigeon, and recrossing the daughter,

b 7 ith

and great-g; wi
the same malo trumpeter, until ho obtained a bird with 13 of trumpeter’s
blood; but then the experiment failed, for “ biceding so close stopped re-
duction.” The experienced Neumeister® also asserts that tho offspring
from dovecotes and various other breeds are “ generally very fertile and
hardy birds:” so again, MM. Boitard and Corbié,” after forty-five years'
experience, recommend persons to cross their breeds for amusement; for,
if they fail to make interesting birds, they will succeed under an economical
point of view, as it is found that mongrels are more fertile than pigeons
of pure race.”

1 will rofer only to one other animal, namely, the Hive-bee, becauso a
distinguished entomologist has advanced this as a case of ievitable close
interbreeding.  As the hivo is tenanted by a single female, it might have
been thought that her male and female ofispring would always havo bred
together, more especially as bees of different hives are hostile fo cach
other; & strango worker being almost always attacked when trying to
enter another hive. But Mr. Tegetmeier has shown® that this instinct
does not apply to drones, which are permitted fo enter any hive; so that
there is no @ priori improbability of a queen recciving a foreign drone,
The fact of the union invariably and necessarily taking place on tho wing,
duting the queen'’s nuptial flight, scems to be a special provision agains;
continued interbreeding. However this may be, experience has shown,
sinco the introduction of the ellow-banded Ligurian race into Germany
and England, that bees freely cross: 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. In one case the Ligurian drones must have flown over the
city of Exeter, and over several intermediate hives. On another occasion
several common black queens were crossed by Ligurian drones ata distance
of from one to three and a half miles®

L
* * ATreatiso on Fancy Pigoons, by 3  Les Pigeons, 1824, p. 5.

J. M. Eaton, p. 56, 2 “Proc. Entomolog. Soc.” Aug. 6th,
 *The Pigeon Book, p. 46. 1860, p. 126.
* “Das Ganzo der ' ® “Journal of Horti 71861, pp.

1887, 5.18. 89,77, 158 ; and 1864, p. 206.
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Plants.

When a single plant of a new species is introduced into any country,
if propagated by seed, many individuals will soon bo raised, so that
if the proper insects bo present there will bo crossing. With newly
introduced trees or other plants not propagated by sced we are not hero
concerned. With old-established plants it is an almost universal practice
oceasionally to make exchanges of seed, by which means individuals
which have been exposed to different conditions of lifo,—and this, as we
have scen, diminishes the evil from close interbreeding,—will oceasionally
be introduced into cach district.

Experiments have not been tried on the effects of fertilising flowers with
their own pollen during several generations. But wo shall prosently sco
that certain plants, either normally or abnormally, are more or less sterile,
even in the first generation, when fertilised by their own pollen. Althougl
nothing is directly known on the evil effects of long-continmed close inter-
breeding with plants, the converse proposition that great good is derived
from crossing is well established.

With respect to the erossing of individuals belonging to the same sub-
variety, Giirtner, whose accuracy and experienco exceeded that of all other
hybridisers, states® that he has many times observed good effects from
this step, especially with exotic genera, of which the fertility is somewhat
impaired, such as Passiflora, Lobelia, and Fuchsia. Herbert also says,"
“1 am inclined to think that T have derived advantage from impreg-
“ nating the flower from which I wished to obtain seed with pollen from
“ another individual of the same varioty, or at least from another flower,
“ rather than with its own.” Again, Professor Lecoq asserts that he has
ascertained that crossed offspring are more vigorous and robust than their
parents.®

General statements of this kind, however, can seldom be fally trusted ;
consequently I have begun a series of experiments, which, if they continue
to give the same results as hitherto, will for ever settle the question of the
good effects of crossing two distinet plants of the same variety, and of the
ovil effects of self-fertilisation. A clear light will thus also bo thrown on
the fact that flowers are invariably constructed so as to permit, or favour,
or necessitato the union of two indivi We shall clearly
why fous and dicecious,—why hic and trimorphic plants exist,
and many other such cases. The plan which I have followed in my expo-
riments is to grow plants in the sume pot, or in pots of the same size, or
close together in the open ground; to carefully exclude inseets; and then
to fertiliso some of the flowers with pollen from the same flower, and
others on the same plant with pollen from a distinct but adjoining plant.
In many, but not all, of theso experiments, the crossed plants yielded much
more seed than the selffertilised plants; and I have nover seen the

Ty i

© ¢ Beitrige zur Kenntniss der Befruchtung, 1844, s, 366.
1« Amaryllidacem, p. 371,
# De la Fécondation,’ 2nd edit., 1862, p. 79.
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roversed case. The self-fortilised and crossed seeds thus obtained were
allowed to germinate in the same glass vessel on damp sand; and as the
secds successively germinated, they were planted in pairs on opposite
sides of the same pot, with a superficial partition between them, and wero
placed 50 as to be equally exposed to the light. Tn other cases tho self-
fertilised and crossed seeds were simply sown on opposito sides of the
same small pot. T have, in short, followed different plans, but in every
caso have taken all the precautions which I could think of, so that the
two lots should be equally favoured. Now, I have carcfully observed
the growth of plants raised from crossed and self-fortilised seed, from
their germination fo maturity, in species of tho following gencra, namely,
Brassica, Lathyrus, Lupinus, Lobelia, Lactuca, Dianthus, Myosotis, Pe-
tunia, Linaria, Calceolaria, Mimulus, and Ipomcea, and the difference in
their powers of growth, and of wi ingin certain cases

conditions, was most manifest and strongly marked. Tt is of importance
that the two lots of seed should be sown or planted on opposite sides of
the same pot, so that the seedlings may struggle against each other; for if
sown separately in ample and good soil, there is often but little difference
in their growth.

1 will briefly deseribe tho two most striking cases as yet observed by
mo. Six crossed and six self-fertilised soeds of Zpoman purpurea, from
plants treated in the manner above deseribed, were planted as soon as they
had germinated, in paizs on opposite sides of two pots, and rods of equal
thickness were given them o twine up. Five of he crossed plants grew
from tho first more quickly than the opposed self-fertilised plants; tho
sixth, howover, was weakly and was for a time beaten, but ab last its
sounder constitution prevailed and it shot ahead of its antagonist. As
s00n as each crossed plant reached tho top of its soven-foot rod its fellow
was measured, and the result was that, when the crossed plants were soven
fect high, the self-ertilised had attained the average height of only five
fect four and a half inches. The crossed plants flowered a little beforo,
and more profusely than the self-fertilised plants. On opposite sides of
another small pot a large number of crossed and self-fertilised sceds wero
sown, 5o that they had to strugglo for baro existence; a singlo rod was
given to each lot: here again tho crossed plants showed from the first
their advantage; they never quito reached the summit of tho seven-foot
rod, but relatively to the seltfortilised plants their averago hoight was] as
seven feef to five feet two inches. The experiment was repeated in tho
two following generations with plants raised from the self-fertilised and
crossed plants, treated in exactly the same manner, and with nearly tho
samo result. Tn the second generation, the crossed plants, which wero
again crossed, produced 121 seed-capsules, whilst tho self-fertilisod plants,
again self-fertilised, produced only 84 capsules.

Some flowers of ‘the Mimulus luteus were fertilised with their own
pollen, and others were crossod with pollen from distinet plants growing
in tho same pot. The seeds after gorminating were thickly planted
on opposite sides of a pot. The scedlings were at first equal in height;
but when tho young crossed plants were exactly half an inch, the solf.
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fertilised plants were only n quarter of an inch high. But this inequality
didinot_continue, for, when the crossed plants were four and a half
inches high, the self-fertilised were three inches; and they retained the
same relative differenco till their growth was complete. Tho crossed
plants looked far more vigorous than the uncrossed, and flowered before
them; they produced also a far greater number of flowers, which yielded
capsules (judging, however, from only a few) containing more seeds. As
in the former case, the experiment was repeated in the samo manner during
the next two generations, and with exactly the same result. Had I not
watched these plants of the Mimulus and Tpomaea during their wholo
growth, I could not have believed it possible, that a difference apparently
0 slight, as that of the pollen being taken from the same flower, and
from a distinet plant growing in the same small pot, could have made so
wonderful a difference in the growth and vigour of the plants thus pro-
duced. This, under a physiological point of view, is a most remarkablo
‘phenomenon.

With respect to the benefit derived from crossing distinct varieties,
plenty of evidenco has been published. Sageret® repeatedly speaks in
strong terms of the vigour of melons raised by crossing different varicties,
and adds that they are more easily fertilised than common melons, and
produce numerous good seed. Here follows the evidenco of an English

:% T have this summer met with better success in my culti-
“vation of melons, in an unprotected state, from the seeds of hybrids
“ (i.e. mongrels) obtained by cross impregnation, than with old varieties.
“1ho offspring of three different hybridisations (ono more especially, of
“ which the parents were the two most dissimilar varieties T could sclect)
“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 variotics of
the apple exhibited increased vigour and luxuriance; and M. Chevreul
alludes to tho extreme vigour of somo of the crossed fruit-troes raised by

By crossing reciprocally the tallest and shortest peas, Knight * says,
“Thad in this experiment a striking instance of the stimulative effects
“of crossing the breeds; for the smallest varicty, whose height rarely
“exceeded two feet, was increased to six feet; whilst the height of the
“large and luxuriant kind was very littlo diminished.” Mr. Laston gave

@ “Mémoire sur les Cucurbitacées! 40 * Anmal. des Se. Nat.' Srd serles,
PP. 86, 28, 30. Bot, tom. vi. p. 189,

# Loudon'’s ‘Gard. Mag,’ vol. viii, 7 *Philosophical Transactions, 1799,
1832, p. 52. P. 200,

4 “Transact, Hort. Soc,” vol.i. p.25.
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Wiegmann # made many crosses between several varietics 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 varicties of cabbage. These mongrels displayed an infinite
diversity of character; “But the most remarkable circumstance was,
“that, while all the other cabbages and borecolos in the mumsery were
“ destroyed by a severe winter, these hybrids were little mj‘nred and
“ supplied the kitchen when there was no other cabbage to bo

Mr. Mannd exhibited beforo the Royal Agricultural 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 varicties
of wheat, and he says “that in the years 1795 and 1796, when almost
“ the whole crop of com in the island was blighted, the varieties thus
« obtained, and these only, escaped in this neighbourhood, though sown
« in several difforent soils and situations.”

Here is a remarkable case: M. Clotzsch™ crossed Pinus sylvestris and
nigricans, Quercus robur and pedunculata, Alnus glutinosa and incana,
Ulmus campestris and effuse ; and the cross-fertilised seeds, as well as sceds
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 cight years, tho hybrids
were one-third taller than the pure trees!

The facts above given refer to undoubted varieties, excepting the trees
crossed by Clotzsch, which are ranked by various botanists as strongly-
marked races, sub-species, or species. That true hybrids raised from
entirely distinct species, though they lose in fertility, often gain in sizo
and constitutional vigour, is certain. It would bo superfluous to quote
any facts; for all experimenters, Kolreuter, Giirtner, Herbert, Sageret,
Lecog, and Naudin, have been struck with the wonderful vigour, height,
size, tenacity of life, precocity, and hardiness of their hybrid productions,
Giirtner sums up his conviction on this head in the strongest terms,
Klrontor gives nmerous preciso measurements of tho weight and heght
of his hybrids in of both par

and speaks with astonishment of their “ statura portentosa,” their * ambitus
vastissimus ac ltitudo valde conspicua.” - Some exceptions to the rule in the
case of very sterile hybrids have, however, been noticed by Girtner and

“ «Ueber die Bastarderzeugung, 1828, vol,

, 1855, p. 527.
532,83, For Mr. Chaundy’s case, sce

? Giirtner, *Bostarderzengung,’ 5.

Toudon's * Gard. Mag,’ vol. vii, 1831,

P- 696.
4 ¢ Gardener’s Chron,’ 1846, p. 601.

“ ¢Philosoph. Transact,’ 1799, p.

201.
# Quoted in * Bull. Bot. Soc. France,’

259, 518, 526 et seq.

 « Fortsetzung,' 1763, 5. 29; ‘Dxnm
Fortsetzung, s. 4, 96 ; * Act.
Petersburg,’ 1782,
“Nova Acta,” 1793, pp. 391, 504 ; * Nova
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Herbert; but the most striking exceptions are given by Max Wichura,*
who found that hybrid willows were generally tender in constitution,
dwarf, and short-lived.

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 sight extremely probable, and has been
accepted by various authors;® but Giirtner® has well remarked that
there is much difficulty in fully admitting it; for with many hybrids there
isno parallelism between the degree of their sterility and their increased sizo
and vigour. The most striking instances of luxuriant growth have been
observed with hybrids which were not sterile in any extremo degree. In
the genus Mirabilis, certain hybrids are unusually fertile, and their extra-
ordinary luxuriance of growth, together with their enormous roots,” have
‘been transmitted to their progeny. The increased size of the hybrids pro-
duced between the fowl and pheasant, and between distinet species of phea-
sants, has been already noticed. The result in all cases is probably in part
due to the saving of nutriment and vital force through the sexual organs
not acting, or acting imperfectly, but more especially to the general law of
good being derived from a cross. For it deserves especial attention that
‘mongrel animals and plants, which are so far from being sterile that their
fertility is often actnally augmented, have, as previously shown, their size,
hardiness, and constitutional vigour generally increased. It is not a little
remarkable that an accession of vigour and size should thus arise under
the opposite contingencies of increased and diminished fertility.

It is a perfectly well ascertained fact® that hybrids will invariably
breed more readily with either pure parent, and not rarely with a distinet
species, than with each other. Herbert is inclined to explain even this
fact by the advantage derived from a cross; but Girtner more justly
accounts for it by the pollen of the hybrid, and probably its ovules, being
in some degree vitiated, whereas the pollen and ovules of both puro
parents and of any third species are sound. Nevertheless there are some
well-ascertained and remarkable facts, which, as wo shall immediately sce,
show that the act of crossing in itself undoubtedly tends to increase or
re-establish the fertility of hybrids.

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

The facts now to be given differ from those hitherto detailed,
as the self-sterility does not here result from long-continued,

“Die S0, M0¢ ! s 394, 5%,
1865, . 1, 41, 42. 8.
% Max Wichura fully accepts this 57 Kolreuter, ‘Nova Acta,’ 1795, p.
view (‘Bastardbefruchtung,’ s. 43), as 316,
docs the Rev. M. J. Berkeley, in % Girtner, ‘Bastarderzeugung,’ s,
*Journal of Hort. Soc.; Jan. 1866, p. 70. 430,
3 K 2
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close interbreeding. These facts are, however, connected with
our present subject, because a cross with a distinet individual
is shown to be either necessary or advantageous. Dimorphic
and trimorphic plants, though they are hermaphrodites, must
be reciprocally erossed, one set of forms by the other, in order
to be fully fertile, and in some cases to be fertile in any degree.
But T should not have noticed these plants, had it not been
for the following cases given by Dr. Hildebrand :*—

Primuda sinensis is o reciprocally dimorphic species: Dr. Hildebrand
fertilised twenty-eight flowers of both forms, each by pollen of the other
form, and obtained the fall number of capsules containing on an averago
497 seed per capsule; here we havo complete and normal fertility. He
then fertilised forty-two flowers of both forms with pollen of the samo
form, but taken from a distinct plant, and all produced capsules con-
taining on an averago only 196 seed. Lastly, and here we come to our
more immediate point, he fertilised forty-eight flowers of both forms with
pollen of the same form, taken from the same flower, and now he obtained
only thirty-two capsules, and these contained on an average 18 seed,
or ono less per capsulo than in the former case. So that, with theso

unions, the act of i fon s less assured, and the fertility
slightly less, when the pollen and ovules belong to the samo flower, than
when belonging to two distinct individuals of the same form. Dr. Hilde-
Dbrand has recently made analogous experiments on the long-styled form
of Oaalis rosea, with the samo result

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

Sixty-three flowers of Corydalis cava, borne on distinet plants, were
fertilised by Dr. Hildebrand ® with pollen from other plants of the same
spocios; and fifty-cight capsules were obtained, including on an averago

i Botanische Zeitung,’ Jan. 1864, Bc:xl!n 1866, 5. 372.

5.3, Toternational  Hort.  Congress,
% ¢ Monatsbericht Akad. Wissen,’ Imdqn,lsse
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45 seed in each. Ho 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,
o fertilised twenty-soven flowers, cach with its own pollen; he left also
fifty-seven flowers o be spontanconsly fortilised, and this would certainly
have ensued if it 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 sced-
capsule! This whole caso 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 distinct me

With exotic Orchids several analogous cases have been observed, chiefly
Dby Mr. John Seott” Oncidium sphacelatum has effective pollen, for with
it Mr. Scott fertilised two distinct species; its ovules are likewise capablo
of impregnation, for they were readily fertilised by the pollen of 0. divari-
catum; nevertheless, between one and two hundred flowers fertilised by
their own pollen did not produce a single’ capsule, though the stigmas
were penetrated by the pollen-tubes. Mr. Robinson 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 ferti-
lised by the pollen of . divaricatum produced four fine capsules : again,
between two and three hundred flowers of 0. divaricatum, fertilised by
their own pollen, did not set a capsule, but twelve flowers fortilised by 0.
Jtewuosum produced eight fine capsules: so that here we have three utterly
self-impotent species, with their male and female organs perfect, as shown by
their mutual fertilisation. In these cases fertilisation was effected only by
the aid of a distinet species. But, as we shall presently sce, distinct
‘plants, raised from seed, of Oncidium flezuosum, and probably of tho other
species, would have been perfetly capablo of fortilising cach other, for this
is the matural process. Again, Mr. Scott found that the pollen of a plant
of 0. mumchulumwnsgwd for with it he fertilised two distinet species;
e found its ovules good, for they could be fertilised by the pollen of one
of these species, and by the pollen of a distinct plant of 0. microchilum ;
but they could not be fertilised by pollen of the same plant, though tho
pollen-tubes penetrated the stigma. An analogous case has been recorded
by L. Riviere,® with two plants of 0. Cavendishianum, which were both sclf-
sterile, but reciprocally fertilised each other. Al these cases refer to tho
genus Oncidium, but Mr. Scott found that Maxillaria atro-rutens was
“{otally insusceptible of fertilisation with its own pollen,” but fertilised,
and was fertilised by, a widely distinet species, viz. M. squalens.

As these orchids had grown under unnatural conditions, in hot-

@ ¢Proc. Bot. Soc. of Edinburgh, Bot., 1864, p. 162.
May, 1863 : these observationsaregiven % Prof. Lecog, * De la Fécondation,”
in abstract, and others are added, in the  2ud edit,, 1862, p. 76.
¢ Journal of Proe. of Linn, Soc.," vol. viii.
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houses, T concluded without hesitation that their self-sterility was due to
this canse. But Fritz Miller informs me that at Desterro, in Brazil, he
fertilised above one hundred flowers of the above-mentioned Oncidium
Aexuosum, which is there endemic, with its own pollen, and with that
taken from distinct plants; all the former were sterile, whilst thoso fer-
tilised by pollen from any ofher plant of the samo species were fertile.
During the first three days there was no difference in the action of the two
Kinds of pollen: that placed on the stigma of the same plant separated in
the usual manner into grains, and emitted tubes which penetrated the
column, and the stigmatic chamber shut itself; but the flowers alone
which had been fertilised by pollen taken from a distinct plant produced
seed-capsules.  On a subsequent occasion these experiments were repeated
on a large scale with the same result. Fritz Miiller found that four other
endemic species of Oncidium were in like manner utterly sterile with their
own pollen, but fertile with that from any other plant: somo of them
likewise produced seed-capsules when impregnated with pollen of widely
distinet genera, such as Leptotes, Cyrtopodium, and Rodriguezia! Onci-
dium crispum, however, differs from the foregoing species in varying much
in its self-sterility; some plants produeing fine pods with their own pollen,
others failing to do so; in two or three instances, Fritz Miiller observed
that the pods produced by pollen taken from a distinet flower on the same
plant, were larger than those produced by the flower’s own pollen. In
Bpidendrum cinnabarinum, an orchid belonging to another division of the
family, fine pods were produced by the plant’s own pollen, but they con-
tained by weight only about half as much seed as the capsules which had.
been fertilized by pollen from  distinet plant, and in one instance from
a distinet species; moreover, a very large proportion, and in some cases
nearly all the seed produced by tho plant's own pollen, was embryon-
less and worthless. Some self-fertilized capsules of a Maxillaria were in a
similar state.

Another observation made by Fritz Miller 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 mamner. This is shown by the 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 discoloura-
tion and decay are not caused by parasitic cryptogams, which were
observed by Fritz Miller 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 distinct plant of the same species, or of
another species, or even of another and widely remote genus. Thus, on
the stigma of Oncidium flezuosum, 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 the pollen of a -distinct plant of the Oncidium flezuosum,
and of the Hpidendrum zebra (nov. spec. ¥), were placed together on the
same stigma, they behaved in exactly the same manmer, the grai
soparating, emitting tubes, and penctrating the stigma, 5o that the e
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pollen- , after an interval of eleven days, could not be distin-
guished except by the difference of their caudicles, which, of course,

no change. Fritz Miller 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 o wither; and the withering slowly spreads upwards
until the germens fall off, after an interval of one or two weeks, and in
one instance of between six 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 case when the plant’s own pollen is applied.

Fritz Miller observed the poisonous action of the plant’s own pollen
in the above-mentioned Oncidium flewuosum, 0. unicorne, pubes (7), and in
#wo 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.
In all these cases, except the last, it was proved that the flowers were,
s might have been expected, fertile with pollen from a distinct plant
of the same species. Numerous flowers of one species of Notylia were
fertilized with pollen from the same raceme; in two days’ time they
all withered, the germens began to shrink, the pollen-masses became dark
Drown, and not one pollen-grain emitted a tube. So that in this orchid
the injurious action of the plant’s own pollen is more rapid than with
Oncidium flevuosum. Tight other flowers on the same raceme wero
fertilized with pollen from a distinet plant of the same species: two of
these were dissected, and their stigmas were found to be penetrated by
numberless pollen-tubes; and the germens of the other six flowers became
well developed. On a subsequent oceasion many other flowers were
fertilized with their own pollen, and all fell off dead in a fow days; whilst
some flowers on the same raceme which had been left simply unfertilised
adhered and long remained fresh. We have seen that in cross-unions
Detween extremely distinct orchids the pollen long remains undecayed ;
but Notylia behaved in this respect differently; for when its pollen was
placed on the, stigma of Oncidium flezuosum, both the stigma and pollen
quickly became dask brown, in the same manner as if the plant’s own
pollen had been applied.

Fritz Miller suggests that, as in all these cases the plant’s own pollen is
ot only impotent (thus effectnally preventing self-fertilization), but like-
wise prevents, as was ascertained in the case of the Notylia and Oncidium
Aezuosum, the action of subsequently applied pollen from a distinct
individual, it would be an advantage to the plant to have its own pollen
rendered more and more deleterious; for the germens would thus quickly
‘be killed, and, dropping off, there would be no further waste in nourishing
a part which ultimately could be of no avail. Fritz Miller’s discovery
that @ plant’s own pollen and stigma in some cases act on each other as
if mutually poisonous, is certainly most remarkable.

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

Girtner experimented on two plants of Zobelia fulgens, brought from
separate places, and found* that their pollen was good, for he ferﬁl.ised
with it L. cardinalis and syphilitica ; their ovules were likewise good, fo

they wero fortlisod by tho pollen of thoso same two species; but fhese
two plants of L. fulgens could not be fertilised by their own pollen, as can
generally be cffected with perfect easo with this species. Again, the pollen
of a plant of Verbascum nigrum grown in a pot was found by Giirtner®
capablo of fertilising V. Iychnitis and V. Austriacum; the ovules could
be fertilised by the pollen of V. thapsus; but the flowers could mot be
fertilised by their own pollen. Kolreuter, also,® gives the caso of three

# ¢ Bastarderzengung,” s. 64,  Tdem, 5. 357.
¢ Zveite mon_m\mg, 5.10; *Dritto Fort,’ s, 40.
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garden plants of Verbascum phaniceum, which bore during two years many
flowers ; these he successfully fertilised by the pollen of no less than 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 fluctuating condition, being temporarily sterile
on the male or female side, or on both sides, and sometimes fertilo on
Doth sides; but two of the plants were perfectly fertile throughout th

summer.

1t appears that certain flowers on certain plants of Lilium candidum
can be fertilised more easily by pollen from a distinet individual than by
their own. 8o, again, with the varieties of the potato. Tinzmann,® who
made many trials with this plant, says that pollen from another variety
sometimes “ exerts a powerful influence, and I have found sorts of potatoes
“which would not bear seed from impregnation with the pollen of their
“own. flowers, would bear it when impregnated with other pollen.” It
does not, however, appear to have been proved that the pollen which failed
to act on the flower's own stigma was in itself good.

In the genus Passiflora it has long been known that several species do
not produce fruit, unless fertilised by pollen taken from distinct species:
thus, Mr. Mowbray® found that he could not get fruit from . alata and
racemasa_except by reciprocally fertilising them with each other’s pollen.
Similar facts have been observed in Germany and France;® and I have
Teceived two authentic accounts of P. quadrangularis, which never pro-
duced fruit with its own pollen, but would do so frecly when fertilised in
one case with the pollen of 2. carulea, and in another case with that of
P edulis. 8o again, with respect to P. lurifdlia, a cultivator of much
experience has recently remarked™ that the flowers “must be fertilised
with the pollen of P. carudea, 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 Mr. Scott:™ plants of Passiflora racemosa, coruled, and
alata flowered profusely during many years in the Botanic Gardens of
Edinburgh, and, though repeatedly ferfilised by Mr. Scott and by others
‘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.
But in the case of P. crulea, three plants, two of which grew in the
Botanic Gardens, were all rendered fertile, merely by impregnating the one
with pollen of the other. The same result was attained in the same
‘manner with 2. alata, but only with one plant out of three. As so many
self-sterilo species have been mentioned, it may be stated that in the case
of P. gracilis, which is an annual, the flowers are nearly as fertile with their
own pollen as with that from a distinet plant; thus sixteen flowers sponta-

@ Duvemoy, quoted by Girtner, 7 , ‘Do I Fécondation,”
¢ Bastarderzengung,’ s. 334. 1845, p. 70; Girtner, * Bastarderzeug-
® ¢ Gardener's Chronicle, 1846, p. ung,'s. 6.
183. 7 Gardener's Ohron.,’ 1866, p. 1068,

® *Transact. Hort. Soc.’ vol. vii, 7 ‘Journal of Proc. of Linn. Soc.,
1830, p. 95. vol. viii,, 1864, p. 168.
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neously self-fertilised produced fruit, each containing on an averago 213
seed, whilst fruit from fourteen crossed flowers contained 241 seed.

Returning to P. alafa, T have reccived (1866) some interesting details
from Mr. Robinson Munro. Threo plants, including one in England, have,
already been mentioned which were inveterately self-sterile, and Mr. Munro
informs me of several others which, after repeated trials during many
years, have been found in the same predicament. At some other places,
however, this species fruits readily when fertilised with its own pollen.
At Taymouth Castlo 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 pollen; so that
this small and unnatural change in the state of this plant has restored its
self-fortility! Some of the secdlings from the Taymonth Castle plant wero
found to be not only sterile with their own pollen, but with each other’s
pollen, and with the pollen of distinct species. Pollen from the Taymouth
‘plant failed to fertilise certain plants of the same species, but was successful
on one plant in the Edinburgh Botanic Gardens. Scedlings were raised from
this Iatter 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
Taymouth plant, and except, as we shall see, when fertilised by her own
secdlings. For Mr. Munro fertilised eighteen flowers on the self-impotent
‘mother-plant with pollen from these her own self-impotent seedlings, and
obtained, remarkablo s the fact is, eighteen fine capsules full of excellent
seed! T have met with no case in regard to plants which shows so well
as this of P. alata, on what small and mysterious causes complete fertility
or complete sterility depends.

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

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

7 < Amaryllidace, 1887, p. 371 ; *Jourual of Hort. Soc.,’ vol. ., 1847, p. 19.
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He was thus led to make an analogous trial on a 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, reginc,
and vittatum ; the Tesult 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 vigorous and rapid progress to
“maturity, and bore good seed, which vegetated freely.” This is, indeed,
as Herbert remarks, “a strange truth,” but not so strange as it then
a) 2

PAs a confirmation of these statements, T may add that Mr. M. Mayes,™
after much experience in crossing the species of Amaryllis (Hippeastrum),
says, “neither the species nor the hybrids will, we are well aware, produco
seed so abundantly from their own pollen as from that of others.” So,
again, Mr. Bidwell, in New South Wales,™ asserts that Amaryilis belladonna
Dears many more seeds when fertilised by the pollen of Brunswigia (Ama-
ryllis of some authors) Josepline: or of B. multifiora, than when fertilised
by its own pollen. Mr. Beaton dusted four flowers of a Cyrtanthus with
their own pollen, and four with the pollen of Vallota (Amaryllis) purpurea ;
on the seventh day “those which received their own pollen slackened
“their growth, and ultimately perished; those which were crossed with
“the Vallota held on.”™ These latter cases, however, relate to uncrossed
species, like those before given with respect to Passiflora, Orchids, &c., and
are here referred to only because the plants belong to the same group of

lid&c

on the hybrid if Herbert had found
um um pollen of two or threo kinds alone had been more efficient on
certain kinds than their own pollen, it might have been argued 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 Rev. A. Rawson, of Bromley
Common, with some complex hybrids of Gladiolus. This skilful horti-
culturist possessed a number of French varicties, differing from each other
only in the colour and size of the flowers, all descended from Gandavensis,
a well-known old hybrid, said to be descended from &. Natalensis by the
pollen of G. oppositifiorus™ Mr. Rawson, after repeated trials, found
that none of the varieties would set sced with their own pollen, although

™ Loudon's ¢Gardener's Magazine/ 7 Mr. D. Beaton, in ‘Journal of
vol. xi., 1835, p. 260. Hort.,’ 1861, P. 438, Lecog, however

7 ¢ Gardener’s Chronicle,” (‘Do Ia Fécond.,' 1862, p. 369), states
that this hybrid is descended from

1850, p.

470,

7 ¢ Journal Hort, Soc.,’ vo. v. p. 135,
The seedlings thus raised were given to
the Hort. Soc.; but I find, on inquiry,
that they unfortunately died the follow-
ing winter.

G. prittacinus and eardinalis ; but this
is opposed to Herbert's experience, who
found that the former species could not
e erossed.
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taken from distinet plants of tho same variety, which had, of ‘course, been
propagated by bulbs, but that they all seeded frecly with pollen from
any other variety. To give two examples : Ophir did not produce a capsule
with its own pollen, but when fertilised with that of Janire, Brenchleyensis,
Vuleain, and Linné, it produced ten fine capsules ; but the pollen of Ophir
was good, for when Linné was fertilised by it seven capsules were
produced. This latter variety, on the other hand, was utterly barren with
its own pollen, which we have seen was perfectly efficient on Ophir.
Altogether, Mr. Rawson, in tho year 1861, fertilised twenty-six flowers
borne by four varicties with pollen taken from other varietics, and every
single flower produced a fine sced-capsule; whereas fifty-two flowers
on the same plants, fertilised at the same time with their own pollen,
did not yield a single seed-capsule. Mr. Rawson fertilised, in some cases,
the alternate flowers, and in other cases all those down one side of the
spike, with pollen of other variotics, and the remaining flowers with their
own pollen; I saw theso 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 crossing the species of Cistus, but has not
yet published the results, that, when any of theso hybrids are fertile,
they may be said to be, in regard to function, diceeious; “for the flowers
“are always sterile when the pistil is fertilised by pollen taken from the
«samo flower or from flowers on the same plant. But they are often fertile
“if pollen bo employed from a_distinct individual of the same hybrid
“xnature, or from a hybrid made by a reciprocal cross.”

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

With respect to the species which, whilst living under their
natural conditions, have their reproductive organs in this peculiar
state, we may conclude that it has been naturally acquired for
the sake of effectually p ing self-fer i The case is
closely anal with dimorphic and trimorphic plants, which
can be fully fertilised only by plants belonging to the opposite
form, and not, as in the foregoing cases, indifferently by any
other plant. Some of these dimorphic plants are completely
sterile with pollen taken from the same plant or from the same
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form. It is interesting to observe the graduated series from
plants which, when fertilised by their own pollen, yield the full
number of seed, but with the seedlings a little dwarfed in
stature—to plants which when self-fertilised yield few seeds—to
those which yield none—and, lastly, to those in which the
plant’s own pollen and stigma act on each other like poison.
This peculiar state of the reproductive organs, when

in certain individuals alone, is evidently abnormal; and as it
chiefly affects exotic plants, or indigenous plants cultivated in
pots, we miay attribute it to some change in the conditions of
life, acting on the plants themselves or on their parents. The
self-impotent Passiflora alata, which recovered its self-fertility
after having been grafted on a distinct stock, shows how small
a change is sufficient to act powerfully on the reproductive
system. The possibility of a plant becoming under culture self-
impotent is interesting as throwing light on the occurrence of
this same condition in natural species. A cultivated plant in
this state generally remains so during its whole life ; and from
this fact we may infer that the state is probably congenital.

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

Exotic animals confined in menageries are sometimes in
nearly the same state as the above-described self-impotent
plants ; for, as we shall see in the following chapter, certain
monkeys, the larger carnivora, several finches, geese, and phea-
sants, cross together, quite as freely as, or even more freely than,
the individuals of the same species breed together. Cases will,
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also, be given of sexual incompatibility between certain male
and female domesticated animals, which, nevertheless, are fertile
when matched with any other individual of the same kind.

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

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

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

7 This is the conclusion of Prof. 854, some curious evidence on half the
Devay, ‘Du Danger des Mariages cases of o peculiar form of blindness
Consung,’ 1862, p. 97. Virchow quotes, ocourring in the offspring from near
in the ‘Deutsche Jahrbiicher, 1863, 5. relations.
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that evil follows from close interbreeding, and when we bear in
‘mind that throughout the whole organic world elaborate pro-
vision has been made for the occasional union of distinct indi-
viduals, the existence of a great law of nature is, if not proved,
at Jeast rendered in the highest degree probable; namely, that
the crossing of animals and plants which are not closely related
to each other is highly beneficial or even necessary, and that
interbreeding prolonged during many generations is highly
injurious.
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CHAPTER XVIIL

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

ON THE GOOD DERIVED FROM SLIGHT CHANGES IN THE CONDITIONS OF LIFE —

BILITY OF INDIVIDUAL ANIMALS — STERILITY OF PLANTS FROM CHANGED C
TIONS OF OF THE ANTHERS — AS A cAUSE
OF STERILITY — DOUBLE FLOWERS — SEEDLESS FRUIT — STERILITY FROM THE
'EXCESSIVE DEVELOPMENT OF THE ORGANS OF VEGETATION — FROM LONG-CONTINUED
PROPAGATION BY BUDS — INCIFIENT STERILITY THE PRIMARY CAUSE OF DOUBLE
FLOWERS AND SEEDLESS FRUIT.

On the Good derived from slight Changes in the Conditions of
Life—IN 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 analogous phe-
nomenon, might serve this purpose. No two individuals, and
still less no two varieties, are absolutely alike in constitution
and structure; and when the germ of 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 ob-
served the remarkable influence on convalescents of a change of
residence, and no medical man doubts the truth of this fact.
Small farmers who hold but little land are convinced that their
cattle derive great benefit from a change of pasture. In the
case of plants, the evidence is strong that a great advantage is
derived from exchanging seeds, tubers, bulbs, and cuttings from
one soil or place to another as different as possible.
VOL. 11. L
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The belief that plants are thus benefited, whether or not well founded,
has been firmly maintained from the time of Columella, who wrote shortly
after the Christian era, to the present day; and it now prevails in England,
France, and Germany. A sagacious observer, Bradley, writing in 1724
says, “When we once become Masters of a good Sort of Seed, we should at
“ least put it into Two or Three Hands, where the Soils and Situations are
« as different as possible; and every Year the Parties should change with
“ one another; by which Means, I find the Goodness of the Seed will be
“ maintained for several Years. For Want of this Use many Farmers
« have failed in their Crops and been- great Losers.” Ho then gives his
own practical experience on this head. A modern writer? asserts,  Nothing
“ can be more clearly established in agriculture than that the continual
« growth of any one variety in the same district makes it liable to dote-
“ rioration either 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 crop
from the latter seed was remarkable. A gentleman in Surrey who has
long made it his business to raise wheat to sell for seed, and who has
constantly realised in the market higher prices than others, assures me
that he finds it indispensable continually to change his seed; and that for
this purpose he keeps two farms differing much in soil 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 got tubers from
Scotland, but they found that “a change from the moss-lands, and vice
wersd, was generally sufficient.” In former times in France the crop of
potatoes in the Vosges had becomo 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 surprising good which he effected in large part to

ing the sets.t

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

has himself witnessed decided advantage from obtaining bulbs of the

onion, tubers of the potato, and

seeds, all of the same kind, from

varions
different soils and distant parts of England He further states that with

! For England, sec below. For
Germany, see Metzger, * Getreidearten,”
1841,5.63. For France, Loisclour-Des-
longehamps (* Consid. sur les éreales,’
1843, p. 200) gives numerous references
on this subject. For Southern France,
see Godron, ¢ Florula Juvenalis,’ 1854,

. 28,
L onira  Treatia of Hustmudey,
ol. ii. p. 58.

3 + Gardener's Chronicle and Agricult.
Gazette,’ 1858, p. 247; and for the
second. statement, idem, 1850, p. 702.
On this same subject, sce also Rev. D.

Walker's ‘Prize Essay of Highland
Agricult. Soc.’ vol. ii. p. 200. Also
Marshall’s “Minutes of Agriculture,’
November, 1775.

4 Oberlin’s * Memoirs,’ Eng. translat,,
p. 78. For Lancashire, see Marshall’s
“Review of Reports,’ 1808, p. 295.

5 ¢ Cottage Gardener,’ 1856, p. 186.
For Mr. Robson’s subscquent state-
ments, see *Journal of Horticulture,
Feb. 18, 1866, p. 121. Fex Mr. Abbey’s

&e., idem, July 18,
1865, p. 44.
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plants propagted by cuttings, as with the Pelargonium, and especially the
Dahlia, manifest advantage is derived from getting plants of the same
varicty, which have been cultivated in another place; or, “ whero the
“extent of the place allows, to take cuttings from one description of soil
fo plant on another, %0 as to afford the change that scems so necossary
“to the well-being of the plants.” Ho maintains that after a time an
exchange of this nature is “ forced on the grower, whether he be pre-
“pared for it or not.” Similar remarks have been made by another excellent
, Mr. Fish, namely, that cuttings of the same varicty of Cal-
ceolaria, which he obtained from a neighbour, “showed much greater
“vigour than some of his own that were treated in exactly the samo
 manner,” and he attributed this solely o his own plants having becomo
“0 a certain extent worn out or tired of their quarters” Something of
this kind apparently occurs in grafting and budding fruit-trees; for,
according fo Mr. Abbey, grafts or buds generally take on a distinct varicty
OF even Species, or on a stock previously grafted, with greater facility than
on stoeks raised from seeds of the variety which is to bo grafted; and ho
belioves this cannot be altogother explained by the stocks in question being
better adapted to the soil and climate of the place. Tt should, however.
be added, that varietics grafted or budded on very distinct kinds, thougl,
they may take more readily and grow at first more vigorously than when
“grafted on closely allied stocks, afterwards often becomo unhealthy.

I have studied M. Tessier’s careful and elaborate experiments,® made
to disprove the common belief that good is derived from a change of seed ;
and he certpinly shows that the same seed may with care be cultivated on,
the same farm (it is not stated whether on exactly the samo soil) for ton
consecutive years without loss. Another excellent observer, Colonel Le
Couteur,” has come to the same conclusion ; but then he expressly adds,
if the same seed be used,  that which is grown on land manured from the
““mixen one year becomes seed for land prepared with lime, and that
“again becomes seed for land dressed with ashes, then for land dressed
“with mixed manure, and so 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
skilful cultivators, that good follows from exchanging seed,
tubers, &c., seems to be fairly well founded. Considering the
small size of most seeds, it seems hardly credible that the ad-
vantage thus derived can be due to the seeds obtaining in one
soil some chemical element deficient in the other soil. As
plants after once germinating naturally become fixed to the
same spot, it might have been anticipated that they would
show the good effects of a change more plainly than animals,
which continually wander about; and this apparently is the

¢ Mém. do I'Acad. des Sciences,” 1790, p. 209,
7 *On the Varieties of Wheat,’ p. 52,
L2
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case. Life depending on, or consisting in, an incessant play of
the most complex forces, it would appear that their action is in
some way stimulated by slight changes in the circumstances to
which each organism s exposed. All forces throughout nature,
as Mr. Herbert Spencer® remarks, tend towards an equili-
brium, and for the life of each being it is necessary that this
tendency should be checked. If these views and the foregoing
facts can be trusted, they probably throw light, on the one hand,
on the good effects of crossing the breed, for the germ will be
thus slightly modified or acted on by new forces; and on the
other hand, on the evil effects of close interbreeding prolonged
during many generations, during which the germ will be acted
on by a male having almost identically the same constitution.

Sterility from changed Conditions of Life.

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

Tt is notorious that many animals, though perfectly tamed,

8 Mr. Spencer has fully and ably dis-
cussed this whole subject in his  Prin-
ciples of Biology,” 1864, vol. ii. ch. x.
In the first edition of my * Origin of
Species,’ 1850, p. 267, T spoke of the
good effects from slight changes in
the conditions of life and from cross-

breeding, and of the evil effeets from
great cbanges in the conditions and
from crossing widely distinct forms, as
a series of facts “ conncoted together by
some common but unknown bond, which
is essentially related to the principle of
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refuse to breed in captivity. Isidore Geoffroy St. Hilaire®
consequently has drawn a broad distinction between tamed
animals which will not breed under captivity, and truly domes-
ticated 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

wly, or even at all. I shall discuss this subject in detail ;
but will give only those cases which seem most illustrative.
My materiiils are derived from notices scattered through various
works, and especially from a Report, drawn up for me by the
kindness of the officers of the Zoological Society of London,
which has especial value, as it records all the cases, during nine
years from 1838-46, in which the animals were seen to couple
but produced no offspring, as well as the cases in which they never,
as far as known, coupled. This MS. Report T have corrected
by the annual Reports subsequently published. Many facts are
given on the breeding of the animals in that magnificent worlk,
“Gleanings from the Menageries of Knowsley Hall,” by Dr. Gray.
1 made, also, particular inquiries from the experienced keeper
of the birds in the old Surrey Zoological Gardens. I should
premise that a slight change in the treatment of animals some-
times makes a great difference in their fertility; and it is
probable that the results observed in different menageries would
differ. Indeed some animals in our Zoological Gardens have
become more productive since the year 1846. It is, also, mani-
fest from F. Cuvier’s account of the Jardin des Plantes,”® that
the animals formerly bred much less freely there than with us;
for instance, in the Duck tribe, which is highly prolific, only one
species had at that period produced young.

The most remarkable cases, 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

9 ¢ Essais do i érale,’ 1841, 1 g Paraguay, 1830,
s. 49, 106, 118, 124 ‘201 208, 249, 265,
327,

. 256.
 Du Rut, ‘Annales du Muséum,’
1807, tom. ix. p. 120.
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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,
canmot be wholly accounted for by their negligenco or indifference, for
the turkey is valued by them, and the fowl has been adopted by the
Temotest tribes. In almost every part of the world—for instance, in the
interior of Africa,and in several of the Polynesian islands—the natives are
extremely fond of taming the indigenous quadrupeds and birds; but they
Tarely or never succeed in getting them to breed.

The most notorious case of an animal not breeding in captivity is that
of the clephant. Elephants are kept in large numbers in their native
Indian home, live to old age, and are vigorous enough for the severest
Iabour; yet, with one or two exceptions, they have never been known even
to couple, though both males and females have their proper periodical
seasons. Tf, however, we proceed a lttle castward to Ava, we hear from
Mr. Crawfurd * that their “ breeding in the domestio state, or at least in
the half-domestic state in which the female elephants aro generally kept,
is of every-day occurrence;” and Mr. Crawfurd informs me that he believes
that the difference must be attributed solely to tho females being allowed
to roam tho forests with some degree of freedom. The eaptive thinoceros,
on the other hand, scems from Bishop Heber’s account™ to breed in Tndia
far more readily than the elephant. ~Four wild species of the horse genus
have bred in Burope, though here exposed to a great change in their
natural habits of life; but the species have genezally been erbssed one with
another. Most of the members of the pig family breed readily in our
‘menageries: even the Red River hog (Potamoclaerus penicillatus), from tho
sweltering plains of West Africa, has bred twice in the Zoological Gardens.
Here also the Peccary (Dicofyles torquatus) has bred soveral times; but
another species, the D. labiatus, though rendered so tame as to be half-
domesticated, breeds 5o rarely in its native country of Paraguay, that
according to Rengger® the fact requires confirmation. Mr. Bates remarks
that the tapir, though often kept tame in Amazonia by the Indians,
never breeds.

Ruminants generally breed quito frecly in England, though brought
from widely different, climates, as may be seen in the Ammual Reports of
the Zoological Gardens, and in the Gleanings from Lord Derby’s menagere.

The Carnivora, with the exception of the Plantigrade division, generally
Dreed (though with capricious exceptions) almost as freely as ruminants,
Many species of Felidze have bred in various menageries, although imported
from various climates and closely confined. Mr, Bartlett, tho present
superintendent of the Zoological Gardens, remarks that tho 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;

1 ¢ The Naturalist on the Amazons’ M *Journal,” vol. i. p. 213
1863, vol. i. pp. 99, 198; vol. ii. p. 1 Siugethiere; s. 527.
13 % On the Breeding of the larger

B ‘Embassy to the Court of Ava; elidm, <Proc. Zoolog, Soc,’ 1861, .
vol. i p. 534, 0.
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“but there are several well-authenticated instances of the female tiger
breeding with the lion.” Strange as the fact may appear, many animals
under confinement unite with distinct species and produce hybrids quite
as freely as, or even more freely than, with their own speeies. 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 cheetah (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 pains would be taken
to make them breed, as only those animals which have hunted for them-
aalm in a state of nature are serviceable and worth training According
o Rengger,”two species of wild cats in Paraguay, though thoroughly
tamed, have never bred. Although so many of the Telidm breed readily
in the Zoological Gardens, yet conception by no means always follows
‘union: in the nine-year Report, various species are specified 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
change of treatment, as I was assured by the former superintendent, Mr.
Miller, greatly increased their fertility. Mr. Bartlett, and there cannot be
& more capable judge, says, “ it is remarkable that lions breed more frecly
“in travelling collections than in the Zoological Gardens; probably the
“ constant excitement and irritation produced by moving from place to
“ place, or change of air, may have considerable influence in the matter.”
Many members of the Dog family breed readily when confined. The
Dhole is one of the most untameable animals in India, yet a pair kept
there by Dr. Falconer produced young. Foxes, on the other hand, rarely
breed, and 1 have never heard of such an occurrence with the European
fox: the silver fox of North America (Canis argentatus), however, has bred
several times in the Zoological Gardens. Even the otter has bred there.
Every one 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 fusciatus has likewise bred; but I was formerly
mmd that the Z1. griseus, though many were kept in the Gardens, never

The Plantigrade Carnivora breed under confinement much less freely,
without our being able to assign any reason, than other members of the
group. In the nine-year Report it is stated that the bears had been
seen in the Zoological Gardens to couple freely, but previously to 1848
had most rarely conceived. In the Reports published since this date three
species have produced young (hybrids in one case), and, wonderful to
relate, the white Polar bear has producal young. The badger (Meles tazus)
has bred several times in the Gardens; but I have not heard of this

17 Sleeman’s * Rambles in India,’ vol. ii. p. 10.
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occurring elsewhere in England, and the event must be very rare, for an
instance in Germany has been thought worth recording® Tn Paraguay
the native Nasua, though kept in pairs during many years and perfectly
tamed, has never been known, according to Rengger, to breed or show
any sexual passion; nor, as I hear from Mr. Bates, does this animal, or
the Cercoleptes, breed in the region of the Amazons. Two other planti-
grade genera, Procyon and Gulo, though often kept tame in Paraguay, never
breed there. In the Zoological Gardens species of Nasua and Procyon
have been seen to couple; but they did not produce young.

As domesticated rabbits, guinea-pigs, and white mice breed o abun-
dantly 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. It deserves notice, as showing how
the capacity to breed somotimes goes by affinity, that the one native
rodent of Paraguay, which there breeds freely and has yielded successive
generations, is the Cavia aperea ; and this animal is so closely allied fo the
guinea-pig, that it has been erroncously thought to bo the parent-form.1»
In the Zoological Gardens, some rodents have coupled, but have never
produced ‘young; some have neither coupled nor bred; but a few have
bred, as the porcupine more than once, the Barbary mouse, lemming, chin-
chilla, and the agouti (Dasyproctu aguti), several times. This Iatter animal
has also produced young in Paraguay, though they were bem 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. T have never heard of the dormouse breeding in confine-
ment. But squirrels offer a more curious case: with one exception, no
species has ever bred in the Zoological Gardens, yet as many as fourteen
individuals of 8. palmarum wero kept together during soveral years. The
. cinerea 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 squirrels
of many kinds were kept in numbers, but Mr. Thompson, the superin-
tendent, told me that none had ever bred there, or elsewhere as far as
he knew. I have never heard of the English squirrel breeding in con-
finement. But the species which has bred more than once in the Zoological
Gardens is the one which perhaps might have been least expected, namely,
the flying squirrel (Seiuropterus volucella): it has, also, bred several times

'* Wiegmann's ‘Archif fir Natur- is now positively demied, yet Dr.
gesch,’ 1837, 5. 162, Pigeaux (‘Annals and Mag. of Nat,

19 Rengger, * Siugethicre,’ &c.,s. 276. . 75) alirms that
On the parentago of the guinea-pig, have produced
see also Tsid. Geofiroy St. Hilaire, * Hist:
Nat. Gén” 2 Quadrupeds of North America,’

® Although the existence of the by Audubon and Bachman, 1846, p.
Leporides, as described by Dr. Broca 268,
(‘Jourmal do Phys.,’ fom. ii. p. 870),
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near Birmingham; but the female never produced more than two young
@ birth, whereas injts nativo American hom sho bears from throo fo six

Mnnkeya, in the nine-year Report from the Zoological Gardens, aro
stated to unite most freely, but during this period, thongh many indi-
viduals were kept, there were only seven births. I have heard of one
American monkey alone, the Ouistiti, breeding in Europe® A Macacus,
according to Flourens, bred in Paris; and more than one species of this
genus has produced young in London, especially the Macacus rhesus,
‘which everywhere shows a special capacity fo breed under confinement.
Hybrids have been produced both in Paris and London from this same
genus. The” Arabian haboan, or Cynocephalus hamadryas® and a Cer-
have bred in the Zoological Gardens, and the latter species
Duke of Northumberland’s. Several members of the family of
have produced hybrids in the Zoological Gardens. It is much
remarkable that monkeys very rarely breed when confined in their
country; thus the Cay (Cebus azarc) is frequently and completely
in Paraguay, but Rengger® says that it breeds so rarely, that he

saw more than two females which had produced young. A similar
has been made with respect to the monkeys which are fre-
qunﬂy tamed by the aborigines in Brazil®® In the region of the
Amazons, these animals are so often kept in a tame state, that Mr. Bates
in walking through the streets of Pard counted thirteen species; but, as
he asserts, they have never been known to breed in captivity.”

%

{1

g!ﬂ

Birds.

Birds offer in some respects better evidence than quadrupeds, from their
breeding more rapidly and being kept in greater numbers.  We have seen
that carnivorous animals are more fertile under confinement than most
ofhier mammals. The reverso holds good with carnivorous birds. Tt is

six, cight, or nine years;® yet there is no record of their having ever
produced young. As these birds were formerly caught whilst young, at
great expense, being imported from Ieeland, Norway, and Sweden, thero can

= Loudon's ‘ Mag. of Nat, Hist,’ vol. % Art. Brazil, ‘Penny Cyclop.’ p.
= mae P. 571; Audubon and Bach- 863,
uadrupeds of North Awmerica, 7 “The Nn\m.!.ut on the River
Amazon,” vol. i.
by Flonrens,‘l)el’lmﬁnm,’&u., 1845, * ‘Encyelop. ¥ oo Rm Sports, p.
691

B 5 it Roporta Zoolog. Soc,’  ® According to Sir A. Bumes
1855, 1858, 1863, 1864 ; *Times’ news-  (‘Cabool,” &, p. 51), eight species
‘paper, Aug. 10th, 1847 ; Flourens, ‘De  are used for hawking in Scinde.
Plnstinet," p. 85.  Loudon’s * Mag. of Nat. Hist.’ vol.
% «Siugethiere,’ &, s. 34, 49. vi, 1838, p. 110.
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be little doubt that, if possible, they would have been propagated. Tn 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 oceasion, of a condor and a kite (Milvus niger). Yet several species,
namely, the Aguila fusca, Haliatus leucocephalus, Falco tinnunculus, F. sub-
buteo, and. Buteo vulgaris, have been seen to couple in the Zoological
Gardens. - Mr. Morris® mentions as a unique fact that a kestrel (#alco
tinnunculus) bred in an aviary. The one kind of owl which has been
known to couple in the Zoological Gardens was the Eagle Owl (Bubo
maaimus); and this species shows a special inclination to broed in
captivity; for a pair at Arundel Castle, kept more nearly in a state of
nature “ than over fell to the lot of an animal deprived of its liberty,”®
actually reared their young. Mr. Gurney has given another instance of
this same owl breeding in confinement ; and he records the case of a second
species of owl, the Strix passerina, breeding in captivity.®

Of the smaller graminivorous birds, many kinds have been kept tame in
their native countries, and have lived long; yet, as. the highest authority
on cage-birds® remarks, their propagation 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 canarye 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 have yielded hybrids with the canary; but hardly any of these, with
the exception of the siskin (Fringilla spinus), have reproduced their own
kind. Even the bullfinch (Loxia pyrrhula) has bred as frequently with
the , though belonging to a distinct genus, as with its own species.?
With respect to the skylark (/auda arvensis), I have heard of birds living
for seven years in an aviary, which never produced young; and a great
London bird-fancier assured me that he had never known an instance of
their breeding; nevertheless one case has been recorded® In the nine-
year Report from the Zoological Society, twenty-four incessorial 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

@ F. Cuvier, ‘Annal. du Muséum,’ «Ornifhological Biography,’ vol. v.
tom. ix. p. 128, p. 517,
2 ¢ The Zoologist,” vol. vii.
50, p. 2648,
® Knox, * Omithological Rambles in . ,
Sussex, p. 91. P. 1075, Bechstein, * Stubenviigel, s,
# +The Zoologist; vol. vii-vili., 1849 139, speaks of bullfinches making nests,
50, p. 2566; vol. ix-x, 18512, p. but rarely producing young.
3207, ' iti

i, 1849- ¥ A case is recoded in “The Zoolo-

# Bechstein, * Naturgesch.der Stuben- 1839, vol. i. p. 412.
vigel 1840, 5. 20.
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an extinet Tndian tribe, so that this bird preserved the sole relic of a lost
Even in this country there is reason to believe® that parrots
have lived to the age of nearly one hundred years; yet, though many
have been kept in Europe, they breed so rarely that the event has been
thought worth recording in the gravest publications® According to
Bechstein ' the African Psittacus erithacus breeds oftener than any other
jes: the P. macoa oceasionally lays fertile eggs, but rarely succeeds in
ing them; this bird, however, has the instinct of incubation some-
times 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
Ilwh‘d. 4t is a much more remarkable fact that in Guiana parrots of
as T am informed by Sir R. Schomburgk, are often taken from
by the Indians and reared in large numbers; they are so tamo
Hﬁyﬁmmﬁhhﬂm and come when called to be fed, like
pigeons; yet hsh-mvuhmdunmmaummdmg
Mr. R. Hill, ® says, “no birds more readily
“ submit to \mmmmmmmu 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 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 gives many cases of various pigeons
breeding. two magnificent crowned pigeons (Goura coronata and
Vm) produced hybrids; nevertheless, of the former species more than
Dirds were kept, as I am informed by Mr. Crawfurd, in a park at
l’emg under a perfectly well-ndapted climate, but never once bred. The
Columba migratoria in its native country, North America, invariably lays
4wo eggs, but in Lord Derby’s menagerie never more than one. The same
leucocephala.

fact has been observed with the C.

Gallinaceous birds of many genera. likewiso show an eminent capacity
for breeding under captivity. This is particularly the case with pheasants;
et our English species seldom lays more than fen 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 inex-

® Loudon’s Mag. of Nat. History,
ol. ix., 1836, p. 347.

© Mémoires du Muséum d'Hist.
Nt tom. x. p. 814: fivo cases of
parrofs breeding in France are here

recorded. See, also, ¢ Report Brit. Assoc.
Zoolog.,” 1843.

4« Stubenviigel,’ 5. 105, 83.

# Dr. Hancock remarks (*Charles-

worth's Mag. of Nat. Hist,' vol. it 1858,
P. 492), it is singular thaf, amongst

the numerous useful birds that are indi-
genous to Guiana, none are found to
propagate among the Indians; yet the
common fowl is reared in abundance
throughout the country.”

4 <A Week at Port Royal,’ 1855,

p.7
S Omithology,
vol. v. pp. 55
“ Mouhmy on Poultry, 7th edit. p.
133,
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plicable exceptions in regard to the fertility of certain species and genera
under confinement. Although many trials have been made with the
common partridge, it has rarely bred, even when reared in large aviaries;
and the hen will never hatch her own eggs®® The American tribe of
Guans or Cracidm are tamed with remarkable ease, but are very shy
breeders in this country; ¥ but with care various species were formerly
made to breed rather freely in Holland* Birds of this tribe are often
ept 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 to languish and die® But many cases are recorded of
their breeding: the capercailzie (Zetrao urogallus) has bred in the Zoolo-
gical Gardens; it breeds without much difficulty when confined in Norway,
and in Russia five successive generations have been reared: 7etrao letriz
has likewise bred in Norway; 7. Seoticus in Ireland; 7' umbellus at Lord
Derby’s; and 7. cupido in North America.

1t 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. Yet almost all the kinds, even
the mooruk (Casuarinus Bennettii) from New Ireland, has frequently
produced young in the varions European menageries. The African
ostrich, though perfectly 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. S. Dixon informs me, wlth
remarkable facility; but several of them are short-lived under confinement,
5o that their sterility in this state is not surprising. The cranes breed
more readily than other genera: Grus montigresia has bred several times
in Paris and in the Zoological Gardens, as has G. cineria at the latter
place, and . antigone at Calcutta. Of other members of this great order,
Tetrapteryw paradisea has bred at Knowsley, a Porphyrio in Sicily, and the
Gallinuda clloropus in the Zoological Gardens. On the other hand, several

4 Temminck, * Hist. Ni

Gen des 4 Bates,

“The Naturalist on the

Pigeons,” &e., 1813, tom. ,
882; ¢ Anmals and Mag. of Nat, Hist,"
vol. xii,, 1843, p. 433, Other species of

riridge have oceasionally bred; as
the red-legged (P. rubra), when kept
in a large court in France (see * Journal
de Physique,’ tom. xxv. p. 204), and in
the Zoological Gardens in 1856,

4 Rev. E. 8. Dixon, ‘The Dovecote,’
1351 pp 243-252.

emminck,  Hist. Nat. Gén. des

Pi gmul, &, tom. ii. pp. 436, 458; tom.
i pp. 2, 13, 47.

Yol i. p.193; vol. ii. p. 112.

5 Temminck, * Hist. Nat. Gén.,’ &.,
tom.iii. p. 125. For Tetrao urogallus, see
L. Lloyd, ‘Ficld Sports of North of
‘Europe, vol. i. pp. 287, 314; and Bull.
de In Soe. ’Acclimat.” tom. vii,, 1860,

600. For T. Seoticus,
¢ Nat. Hist. of Ireland,’ vol.
49. For T. cupido, * Boston Journal of
Nat. Hist, vol. iii. p. 199,

1 Mareel de Serres, * Annales dos Sei.
Nat.’ 2nd series, Zoolog., tom. Xiii. p.
175,
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birds ing to this order will not breed in their mative country,
Jamaica; and the Psophia, though often kept by the Indians of Guiana
about their houses, “ is seldom or never known to breed.” s

No birds breed with such complete facility under confinement as the
‘members of the great Duck family; yet, considering their aquatic and
wandering habits, and the nature of their food, this could not have
been anticipated. Even some time ago above two dozen species had
bred in the Zoological Gardens; and M. Selys-Longehamps has recorded
the production of hybrids from forty-four different members of the family;
and to these Professor Newton has added a few more cases®®  There is
not,” says 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 con-
finement; but this statement is probably too bold. Tho eapacity to breed

ime ies in indivi ‘the ies; thus Aud kept for
‘more than eight years some wild geese (Anser Cunadensis), but they would
ot mate; whilst other individuals of the same species produced young
during the second year. T know of but one instance in the whole family
of a species which absolutely refuses to breed in captivity, namely, the
viduata, although, according to Sir R, Schomburgk® it is
casily tamed, and is frequently kept by the Indians of Guiana. Lastly,
with respect to Gulls, though many have been kept in the Zoological
Gardens and in the old Surrey Gardens, no instance was known before the
year 1848 of their coupling or breeding; but since that period the herring
gull (Larus argentatus) has bred many times in the Zoological Gardens and
at Knowsley.

There is reason to believe that insects ave affected by confinement like
the higher animals. It is well known that the Sphingide rarely breed
‘when thus treated. An entomologist® in Paris kept twenty-five specimens
of Saturnia pyri, but did not succeed in gotting a singlo fertile cgz. A
number of females of Orthosia munda and of Mamestra suasa reared in
confinement were unattractive to the males’ Mr. Newport kept nearly a
hundred individuals of two species of Vanessa, but nof one paired ; this,
however, might have been due to their habit of coupling on the wing
Mr. Atkinson could never suceeed in India in making the Tarroo silk-moth
breed in confinement.® It appears that @ number of moths, cspecially
the Sphingidse, when hatched in the autumn out of their proper season,

# Dr. Hancock, in * Charlesworth’s
Mag. of Nat. Hist." vol. ii, 1838, p.491;
R. Hill, <A Week at Port Royal,' . 8;
* Guide to tho Zoological Gardens, by
P. L. Sclater, 1859, pp. 11, 12; *The
Knowsley Menagerie,” by Dr. Gray,
1846, pl. xiv. ; . Blyth, * Report Asiatic
Soc. of Bengal,” May, 1855.

 Prof. Newton, in *Proc. Zoolog.
Soe, 1860, p. 336.

 “The Dovecote and Aviary,’ p.
428.

.

% +Omithological Biography,’ vol.
. p. 9.
5 « Geograph. Journal, vol. xiii, 1844,
. 82,

¥ Loudon's *Mag, of Nat. Hist., val.
v.,1832, p. 158,

58 < Zoologist,’ vols. v.-vi, 184748, p.
1660.

% *Transact. Entomolog. Soc.,’ vol.
iv, 1845, . 60.

% ¢ Transact. Linn. Soc.’ vol. vii. p.
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aro completely barren; but this Intter case is’still involved in somo
obsourity.®

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 thus distarbed. For many cases have been recorded of the
Toss by male birds when confined of their characteristic plumage.
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
quiet plumage of the hen-bird 3 and the Faleo albidus returned
to the dress of an earlier ages Mr. Thompson, the superin-
tendent of the Knowsley menagerie, informed me that he had
often observed analogous facts. The horns of a male deer
(Cervus Canadensis) during the voyage from America were
badly developed ; but subsequently in Paris perfect horns were
produced.

When conception takes place under confinement, the young
are often born dead, or die soon, or are ill-formed. This

quently occurs in the Zoological Gardens, and, according to
Rengger, with native .animals confined in Paraguay. The
mother's milk often fails. We may also attribute to the dis-
turbance of the sexual functions the frequent occurrence of
that monstrous instinet which leads the mother to 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 liable to suffer in
their reproductive systems. We feel at first naturally inclined to
attribute the result to loss of health, or at least to loss of vigour;
but this view can hardly be admitted when we reflect how
healthy, long-lived, and vigorous many animals are under cap-

@ Seo an interesting paper by Mr. 506 Beohstein, * Stubenvigel,’ s. 185 ;
Newman, in the ¢ Zoologist, 1857, p. Philosoph. Transact,’ 1772, p. %
5764; and Dr. Wallace, in ‘Proc. Bronn (‘ Geschichto der Natur, Band i
Fatomolog. Soc., June 4th, 1860, p. 5 96) has colleeted @ number of cascs.
119. For the case of the deer, seo ‘Penny
@ Yarrell's * British Birds,’ vol.i.p.  Cyelop,’ vol. viii. p. 850.
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tivity, such as parrots, and hawks when used for hawking,
chetahs when used for hunting, and elephants. The reproduc.
tive organs themselves are not diseased ; and the diseases, from
which animals in menageries usually perish, are not those which
in any way affect their fertility. No domestic animal is more
subject to discase. than the sheep, yet it is remarkably prolific,
The failure of animals to breed under confinement has been
sometimes attributed exclusively to a failure in their sexual
instincts: this may oceasionally come into play, but there is
10 obvious reason why this instinct should be especially liable
to be affected with perfectly tamed animals, except indeed in-
directly through the reproductive system itself being disturbed.
F, numerous cases have been given of various animals
which couple freely under confinement, but never conceive ; or,
if they conceive and produce young, these are fewer in number
than is natural to the species. In the vegetable kingdom
instinet of course can play no part; and we shall presently sce
that plants when removed from their natural conditions are
affected in nearly the same manner as animals. Change of
climate cannot be the cause of the loss of fertility, for, whilst
many animals imported into Europe from extremely different
climates breed freely, many others when confined in fheir
native land are completely sterile. Change of food cannot be
the chief cause; for ostriches, ducks, and many other animals,
which must have undergone a great change in this respect,
breed freely. Carnivorous birds when confined are extremely
sterile; whilst most i Is, except plantigrad
are moderately fertile. Nor can the amount of food be the
cause; for a sufficient supply will certainly be given to valuable
animals; and there is no reason to suppose that much more
food would be given to them, than to our choice domestic
productions which retain their full fertility. Lastly, we may
infer from the case of the elephant, chetah, various hawks, and
of many animals which are allowed to lead an almost free life
in their native land, that want of exercise is not the sole
cause,
It would appear that any change in the habits of life, what-
ever these habits may be, if great enough, tends to affect in
an inexplicable manner the powers of reproduction. The result
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depends more on the constitution of the species than on the

nature of the change; for certain whole groups are affected

more than others; but exceptions always occur, for some species

in the most fertile groups refuse to breed, and some in the most

sterile groups breed freely. Those animals which usually breed

freely under confinement, rarely breed, as I was assured, in the

Zoological Gardens, within a year or two after their first import-
ation. When an animal which is generally sterile under con-
finement happens to breed, the young apparently do not inherit
this power; for had this been the case, 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 successive generations, become sterile ; but this may be the
result of too close interbreeding. It is a remarkable circum-
stance that many mammals and birds have produced hybrids
under confinement quite as readily as, or even more readily
than, they have procreated their own kind. Of this fact many
instances have been given;* and we are thus reminded of those
plants which when cultivated refuse to be fertilised by their own
pollen, but can easily be fertilised by that of a distinet species.
Finally, we must conclude, limited as the conclusion is, that
changed conditions of life have an especial power of acting
injuriously on the reproductive system. The whole case is
quite peculiar, for these organs, though not discased, are thus
rendered incapable of performing their proper functions, or per-
form them imperfectly.

Sterility of Domesticated Animals from changed conditions.—With respect
to domesticated animals, as their domestication mainly depends on the
accident of their breeding freely under captivity, we ought not to expect
that their reproductive system would be afected by any moderate degree
of change. Those orders of quadrupeds and birds, of which the wild
spocies breed most readily in our menageries, have afforded us the greatest
mumber of domesticated productions, Savages in most parts of the world
are fond of taming animals;® and if any of these regularly produced

® « Journal de Physiologie, tom. ii. % Numerous instances could be given.
. 847. Thus Livingstone (* Travels; p. 217)
® For additional evidence on this states that the King of the Barotse,
subject, seo F. Cuvier, in *Annales du  an inland tribe which nover had any
Muséum,” tom. xii. p. 119. communication with white men, was
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young, and were at the same time useful, they would be at once domesti-
cated. If, when their masters migrated into other countries, they were in

161

addition found eapable of withstanding various climates, they would bo
still more valuablo; and it appears that the animals which breed readily

in
ticated

and

0

more fertile than its
not breed.

captivity can generally withstand different climates.
animals, such as the reindeer and camel, offer an exception to this
rule. Many of our domesticated animals can bear with undiminished
fortility the most unnatural conditions; for instance, rabbits, guinea-pigs,
confined hutohes. Few European dogs
kind withstand without degeneration the climate of India; but
as they survive, they retain, as I hear from Dr, Falconer, their
; 80 il is, according to Dr. Daniell, with English dogs taken to
The fowl, a native of the hot Jjungles of India, becomes

parent-stock in every quarter of the world, until we
as far north as Greenland and Northern Siberia, where this bird
Wi Both fowls and pigeons, which I received during tho
‘sutumn direot from Sierra Leons, wero at once ready to couple® T have,
 also, seen pigeons breeding as freely as the common kinds within

Some few domes-

a year

fler their importation from tho Upper Nile. The guinea-fowl, an ahori.
‘ginal of the hot and dry deserts of Africa, whilst living under our damp

climate, produces a large supply of cggs.
lomesticated an

 Nevertheless, our d animals
sionally show signs of lessened fertility.
valleys of the equatorial Cordillera

under new conditions occa-
Roulin asserts that in the hot

sheep are mot fully fecund;* and
‘according o Lord Somerville,” the merino-sheep which he imported from
Spain were not at first porfectly fertile. It is said * that mares brought
up on dry food in the stable, and turned out to grass, do not at first breed,

‘pealien, as we have seen, is said 1ot to lay so many eges 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.™

i, the eggs of the turkey, as I hear from Dr. Falconer,
a hen, are extremely liable to fail. According to
n ithin a recent period to the lofty plateau of Bogota,
first laid seldom, and then only a few eggs; of these searcely a fourth
young birds di
‘when Roulin wrote they were becoming as

Delhi,

In the hot and dry pro-

died:: in the second generation

extremely fond of taming animals, and
every young antelope was brought fo
him. Mr. Galton informs me that the
Damaras are likewiso fond of keeping

Tndians of South America
habit.  Capt. Wilkes
Polynesians of the

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

ES

# For analogous cases with the fowl,
VOL. I

#ee Réanmur, “Art de faire Eelorre,’ &c.,
1749, p. 243; and Col. Sykes, in * Proc.
. Soc.,’ 1832, & With respect
to the fowl ot breeding in northern
regions, see Latham's ¢ Hist. of Birds,"
ol. viii,, 1823, p. 169.
“Mém. par divers Savans, Acad.
des Sciences,” tom. vi., 1835, p. 347,
 Youatt on Sheep, p. 181.
 J. Mills, ‘ Treatise on Cattle,’ 1776,

P72
7 Bechstein, * Stubenvégel, s. 242.
n



162 STERILITY FROM Cuar. XVIIL

fortile as our geese in Europe. 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, according to Roulin, when first introduced would not
breed at Cusco in Bolivia, but subsequently became quite fertile; and the
English Game fowl, lately introduced, had not as yet arrived at its full
fertility, for to raise two or three chickens from a nest of eggs was thought
fortunate. Tn Europe close confinement has a marked cffect on the
fortility of the fowl: it has been found in France that with fowls allowed
considerable freedom only twenty per cent. of the eggs failed; when
allowed less freedom forty per cent. failed; and in close confinement sixty
out of the hundred wero not hatched™ So we sco that unnatural and
changed conditions of life produce some effect on the fertlity of our most
thoroughly domesticated animals, in the same manner, though in far
Jess degree, as with captive wild animals.

Tt is by no means rare to find certain males and females which will not
Dreed together, though both are known to be perfectly fertile with other
males and females. We have no reason to suppose that this is caused by
these animals having been subjected to any chango in their habits of life;
therefore such cases are hardly related to our present sifbject. The cause
apparently lies in an innate sexual incompatibility 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-breeding), by Mr. Eyton of
TEyton, by Mr. Wicksted and.other breeders, and especially by Mr. Waring
of Chelsfield, in relation to horses, cattle, pigs, foxhounds, other dogs, and
Digeons® Tn these cases, females, which either previously or subscquently
ere proved to be fertile, failed: to breed with certain males, with whom it
s particularly desired to match them. A change in the constitution of
tho fomale may sometimes have occurred before she was put to the second
male; but in other cases this explanation is hardly 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 ‘have bred with cart-stallions, M. Spooner is inclined to
attribute the failure 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 Mr. Waring, that « it frequently oceurs with a mare to be put
« geveral times during one or two seasons to a particular stallion of
« ackmowledged power, and yet prove barren; the mare afterwards
« breeding at once with some other horse” These facts are worth record-
ing, as they show, like so many previous facts, on what slight constitu-
tional differences the fertility of an animal often depends.

7 Crawfurd’s * Descriptive Dict. of ix., 1862, pp. 380, 384.
tho Tndian Islands, 1856, p. 145. 7 For pigeons, see Dr. Chapuis, ‘ Lo
 Bull. do Ia Soc. Acclimat.,’ tom. Pigeon Voyugeur Belge,' 1865, p. 66.
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of Plants from changed. Conditions of Life, and from
other causes.

the vegetable kingdom cases of sterility frequently occur,
us with those previously given in the animal kingdom.,
subject is obscured by several circumstances, presently
namely, the contabescence of the anthers, as
a certain affection—monstrosities—double-

h-enlarged fruit—and long-conti or

observation,

for carrying the pollen to the stigma. But after excluding
cases just specified, there are many plants in which the re
 system has been seriously affected by the altered conditions of

c ‘have been subjected.
tedious to enter on many details. Linnwus long ago
Alpine plants, although naturally loaded with seed, pro-
or mone when cultivated in gardens. But exceptions
one of our most thoroughly Alpine
L Mr. H. C. Watson's garden, near London ;
rly to the cultivation of Alpine
kinds, when cultivated, spontaneously sowed
‘plants which naturally grow in peat-carth are entirely
. T have noticed the same fact with several liliaceous

whilst succulent and
oted plants are easily affected. Extreme poverty of soil is less

3 , also,
culture of Alpine plants in ‘ Gard.
Chronicle,’ 1848, pp. 258, 268, and meu-
tions a few which sced.
7 ‘Beitrige sur Kenntniss der
Befruchtung,” 1844, 5. 333.
M 2
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apt to induce sterility; but dwarfed plants of Trifolium minus and repens,
growing on a lawn often mown and never manured, did not produce
any seed. The temperature of the soil, and the season at which plants
are watered, often have a marked effect on their fertility, as was observed
by Kolrouter in the case of Mirabilis” Mr. Scott in the Botanic Gardens
of Bdinburgh observed that Oncidium divaricatum would mot set seed
when grown in a basket in which it throve, but was capable of fertili-
sation in a pot where it was a little damper. Pelargonium fulgidum, for
its introduction, sceded freely; it then became sterile;
if kept in a dry stove during the winter. Other varie-
ties of pelargonium are sterile and others fertile without our being able
fo assign any cause. Very slight changes in the position of a plant,
whether planted on a bank or at its base, sometimes malke all the dif-
ference in its producing seed. Temperature apparently has a much more
poverful influence on the fertility of plants than on that of animals.
Nevertheless it is wonderful what changes some fow plants will withstand
ith undiminished fertility : thus the Zephyrantlies candida, a native of the
‘moderately warm banks of the Plata, sows itself in the hot dry country
near Lima, and in Yorkshir resists the severest frosts, and I have seen
sceds gathered from pods which had been covered with snow during threo
Weeks™ Berberis Wallichi, from the hot Khasia rango in India, is un-
injured by our sharpest frosts, and ripens its fruit under our cool summers.
Nevertheless T presume we must attribute to change of climate the
sterility of many foreign plants; thus the Persian and Chineso lilacs
(Syringa Persica and Chinensis), though perfectly hardy, nover hero pro-
duco a seed; the common lilac (5. valgaris) seeds with us moderately well,
Dut in parts of Germany the capsules never contain seed

Some of the cases, given in the last chapter, of self-impotent plants,
which are fertile both on the male and female side when united with
distinet individuals or species, might have been here introduced; for as
this peculiar form of sterility generally occurs with exotic plants or with
endemic plants cultivated in pots, and as it disappeared in the Passifiora
alata when grafted, we may concludo that in these cases it is the result of
the treatment to which the plants or their parents have been exposed.

The Tiability of plants to be affected in their fertility by slightly changed
conditions is the more remarkable, as the pollen when once in process of
Tormation is not easily injured; a plant may b transplanted, or a branch
with flower-buds be cut 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 are more sensitive, for Gértner® found that
dicotyledonous plants, when carefully removed so that they did not in
the least flag, could seldom be fertilised ; this occurred even with potted

77 «Nova Acta Petrop,’ 1793, p. 9L &c, 5. 560, 564.

75 «Cottage Gardener,’ 1856, pp. 44,  * ‘Gardener's Chronicle, 1844, p.
. 215; 1850, p. 470.

™ Dr. Herbert, ‘ Amaryllidaces,’ p.  * ‘Beitrige zur Kenntniss,’ &c., 5.

6. 252, 333.

® Giirtner, * Boitrigo zur Kenntniss,



Caa. XVIIL

CONTABESCENCE. 165

‘plants if the roots had grown out of the hole at the bottom. In some few
cases, however, as with Digitalis, transplantation did not prevent fertilisa-
tion; and according to the testimony of Mawz, Brassica rapa, when pulled
up by its roots and placed in water, ripened its seed. Flower-stems of
several monocotyledonous plants whien cut off and placed in water likewiso
produce sced. But in these cases I presume that the flowers had been
already fertilised, for Herbert™ found with the Crocus that the plants
might be removed or mutilated after the act of fertilisation, and would
still perfect their seeds; but that, if transplanted before being fertilised,
the application of pollen was
 Plants which have been long cultivated can generally endure with
‘undiminished fertility various and great changes; but not in most cases
‘ change of climate as i animals. It is
y plants under these circumstances are so much affected that the
the nature of their chemical ingredients are modified,
is unimpaired. Thus, as Dr. Falconer informs me,
mhmmﬁra{theﬁbminhamp,inths
in the seed of the Linum, in the proportion of narcotin to
 the poppy, in gluten to starch in wheat, when these plants
on the plains and on the mountains of India; nevertheless,

remain fully fertile.
fabescerce—Giirtner has designated by this term a peculiar condition
anthers in cerfain plants, in which they are shrivelled, or become
 brown and tough, and contain no good pollen. When in this state they
i m-:um the anthers of the most sterile hybrids. Giirtner,* in his

and
patible with this view. The fact of several endemic plants becoming
contabescent; in our gardens seems, at first sight, equally incompatible
‘with this view; but Klreuter believes that this is the result of their trans.
plantation. The contabescent plants of Dianthus and Verbascum, found
wild by Wiegmann, grew on a dry and sterile bank. The fact that exotic

© ‘Journal of Hort. Soc.’ vol. ii. ung,’s.10,121; “Dritte Fortsctzung,'s.
1847, p. 83. 57. Herbert, * Amaryllidaces,’ p. 355,
_ ® “Beitriige zur Kenntniss, &c., 5. Wiegmann, ‘Ucber dio Bastarderzeu-
117 ¢t seq.; Kolreuter, *Zweite Fortselz-  gung, . 27.




166 STERILITY. Cuap. XVIIL

plants are eminently liable to this affection also secms to show that it is
in some manner caused by their unnatural treatment. Tn some instances,
as with Silene, Géirtner’s view seems the most probable, namely, that it is
cansed by an inherent tendency in the species to become dicecious. I can
add anoth , namely, the i unions of dimorphic
i or trimorphic plants, for T have observed seedlings of three species of
Primula and of Lythrum salicaria, which had been raised from plants
illegitimately fertilised 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;
i but these instances are not conclusive, as both genera are liable from other
i causes to this affection.

Cases of an opposite nature likewise occur, namely, plants with the
female organs struck with sterility, whilst the male organs remain perfect.
Dianthus Japonicus, a Passifiora, and Nicotiana, have been described by
Giirtner® as being in this unusual condition.

Monstrosities as a cause of Sterility.—Great deviations of structure, even
when the réproductive organs themselyes are not seriously affected, some-
times cause plants to become sterile. But in other cases plants may
‘become monstrous to an extreme degree and yet retain their full fertility.
Gallesio, who certainly had great experience,® often attributes sterility to
this cause; but it may be suspected that in some of his cases sterility was
the cause, and not the result, of the monstrous growths. The curious
St Valery apple, although it bears fruit, rarely produces seed. The

anomalous flowers of Begonia frigida, formerly described,
nmngh they appear fit for fructification, are sterile Species of Pri-
mulee, in which the calyx is brightly coloured, are said® to be often
sterile, though I have known them to be fertile. On the other hand,
Verlot gives several cases of proliferous flowers which can be propa-
gated by seed. This was the case with a poppy, Which had become
monopetalous by the union of its petals®® Another extraordinary poppy,
with the stamens replaced by numerous small supplementary capsules,
likewise reproduces itself by seed. This has also occurred with a plant of
Sazifraga geum, in which a series of adventitious carpels, bearing ovules
on their margins, had been developed between the stamens and the normal
carpels® Lastly, with respect to peloric flowers, which depart wonder-
fully from the natural structure,—those of Linaria vulgaris scem generally
to be more or less sterile, whilst those before described of Antirrhinum
majus, when artificially fertilised with their own pollen, are perfectly

# « Bastarderzeugung, s.

& ¢Teoria della Rlpmdnzlone, ms,
p. 84; *Traité du Citrus,' 1811, . 61

& Mr. C. W. Crocker, in b ol
Chronicle,” 1861, p. 1092.

= Verlot, * Des Varictés; 1863, p. 80

 Verlot, idem, p. 88.

© Prof. Allman, Brit. Assoc., quoted

in the ¢ Phytologist; vol. ii. p. 488.
Prof. Harvey, on the authority of
Mr. Andrews, who discovered the plant,
informed me that this monstrosity could
be propagated by seed. With respect to
the poppy, see Prof. Goeppert, as quoted
in * Journal of Horticulture,’ July lst,
1863, p. 171
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. fextile, though sterilo when left to themselves, for bees are unable to crawl
. info the narrow tubular flower. The peloric flowers of Corydalis solida,
“according fo Godron" are barren; whilst those of Gloxinia are well known
 to yield plenty of seed. In our greenhouse Pelargoniums, the central
g of the truss is often peloric, and Mr. Masters informs me that
 tried in vain during several years to get seed from these flowers.
vise made many vain attempts, butsometimes succeeded in fertilising
 with pollen from a normal flower of another variety; and conversely
times fertilised ordinary flowers with peloric pollen. Only once
raising a plant from a peloric flower fertilised by pollen
flower borne by another variety; but the plant, it may be

in its structure.

the pla ipletely barren. ical flowers
tamens and petals are the most liable to become double,
from all multiple organs being the most subject to

But flowers furnished with only a fow stamens, and others
asymmetrical in structure, sometimes become double, as we
the double gorse or Ulex, Petunia, and Antirrhinum. Tho
 bear what are called double flowers by the abnormal develop-
the corolla of their central florets. Doubleness is sometimes

1

imperfectly fertilised, yield double flowers more
‘perfectly fertilised sced
o be the

moval of the anthers, sce Mr. Leitner,
in Silliman’s ¢ North American Journ.
of Secience,’ vol. xxiil. p.47; and Verlot,
“Des Variétés,’ 1865, p.
® Lindley's * Theory of Horticulture,’
833,

P
% ¢ Gardener’s Chronicle,” 1865, p.
- by Brom, ‘Geschichte der Natur, 626; 1866, pp. 290, 730; and Verlot,
~ B.ii.s.77. On the effects of the re- “Des Variétés,’ p. 75.
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Variegation seems generally to result from a feeble or atrophied condition
of the plant, and & large proportion of the scedlings raised from parents
both of which are variegated usually perish at an early age; hence wo
may perhaps infer that doubleness, which is the antagonistic state, com-
‘monly arises from a plethoric condition. On the other hand, extremely
poor soil_sometimes, though rarely, appears to cause doubleness: I
formerly doscribed® some completely double, bud-like, flowers produced
in large nmumbers by stunted wild plants of Gentiana amarella growing on
a poor chalky bank. T havo also noticed a distinct tendency to doubleness
in the flowers of a Horse-chesnut, dder-mut (Ranun-
culus repens, (sculus pavia, and Staphylea), growing under very unfuvour-
able conditions, Professor Lehman® found several wild plants growing
near @ hot spring with double flowers. With Tespect to the cause of
doubleness, which arises, as we see, under widely different circumstances,
1 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 addi-
tional pefals are formed. This view has lately been supported by Mr.
TLaxton® 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 consisting
in a homological sense of widely different organs, are either quite sterile,
or produce extremely few sceds. This s notoriously the case with our
best pears, grapes, and figs, with the pine-apple, banana, bread-fruit,
‘pomegranate, azarole, date-palms, and some members of the orange-tribe.
TPoorer varietics of these same fruits cither habitually or occasionally yield
Sced® Most horticulturists look at the great size and anomalous deve-
lopment of the fruit as the cause, and sterility as the result; but tho
opposite view, as we shall presently see, is more probable.

Sterility from the excessive development of the Organs of Grouth or Vegetation.
—Plants which from any cause grow too luxuriantly, and produce leaves,
stems, runners, suckers, tubers, bulbs, &e., in excess, sometimes do not
flower, or if they flower do not yield sced. To make European vegetables
under the ot climate of India yield seed, it is necessary to check their
growth; and, when one-third grown, they are taken up, and heir stems and

97 ¢ Gardencr’s Chronicle,’ 1843, p.
628, In this article T suggested tho
following theory on the doubleness of

wers.

% Quoted by Girtver, *Bastarder-
zengung,’s. 567.

» ¢ Gardener’s Chronicle,’ 1866, p.
901
160 Lindley, ¢ Theory of Horticulture,
p.175-179; Godron, * De 'Espece, fom.
i, p. 106; Pickering, ‘ Races of Man;’

allesio, ‘Teoria della Riproduzione,”

1816,p.101-110. Meyen(‘ Reiseum Exde,’
Th, . 8. 214) states that at Manilla one
variety of the banana is full of sceds;
and Chamisso (Hooker's Bot. Misc.,’
vol. i p. 810) describes a variety of the
Dread-fruit in the Mariana Islands with

frequently perfect. Burnes, in his
*Travels in Bokhara,’ remarks on the
pomegranate seeding in Mazenderan, as
a remarkable peculiarity.



culent stems, never, according to

‘West Indies, Malaga, India, Cochin China,

informs me that the sweet potato (Convolvulus batatas)

far as he has seen, yields
4 grown

f sexual
which leads to the

e is doubtful; though

of this view. It is perhaps a more probable view that plants
Ives largely by one method, namely by buds, have

power or organised matter for the other method of

propagate

~ many plants

That many plants when thus
‘but whether the long
cause of their sterility, T will not
‘evidence, to express an opinion.
.um

beyond the height at which they can produce seed.

1 Ingledew, in * Transact. of Agri-
ult. and Hort. Soc. of India, vol. ii.
12 ¢De la Fécondation,’ 1862, p. 308,
1% Hooker's *Bot. Mise,’ vol. i. p.
99; Gallesio, Teoria della Ripro-
‘duzione,’ p. 110.
1% ¢Transact. Linn. Soe., vol. xvii,
P.563.
15 Godron, *De I'Espiee,’ tom. ii. p.
108; Herbert on Crocus, in *Journal

seed. Dr. Royle remarks™® that in India the
in rich soil, invariably produces bulbs, but
whilst a poor soil and dry climate leads to an opposite result,

Jir. Fortune,

sterility from changed conditions of life is the

botanists and good practical judges believe that
propagation by cuttings, runners, tubers, bulbs, &c., inde-
ly of any excessive development of theso parts, is the cause of
failing to produce flowers and of others failing to produco
fertile flowers,—it is as if they had lost the habit of sexual generation
propagated are sterile there can be no doubt,

continuance of this form of propagation s he actual
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fap-roots are cut or mutilated ™ So it is with hybrids; for instance, Prof.
Lecoq!® had three plants of Mirabilis, which, though they grew Iuxu.
riantly and flowered, were quite sterile; but after beating one with a stick
until a few branches alone were left, these at once yiclded good seed. The
sugar-cane, which grows vigorously and produces a large supply of suc-

various observers, bears seed in the

in China never, as

, an inary number of little
the leaves of the yam, and this plant
as in those of double flowers

excessive development of the organs
some evidence might be advanced in

venture, from the want of sufficient

Certain species of

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,’ vol. iv., 1836, p.
61.

19 Wahlenberg specifies eight species
in this state on the Lapland Alps : see
Appendix to Linnwns’ *Tour in Lap-
land, slated by Sir J. E. Smith,
vol. . pp. 274-280.



170 STERILITY. Cuap. XVIIL
Poa and Festuca, when growing on mountain-pastures, propagate them-
selves, as T 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, yot scarcely ever produce seeds; but when
accidentally 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 Acorus
calamus extends over a large portion of the globe, but so rately perfects its
fruit that this has been seen but by few botanists'®* The Hypericum
calyeinum, which propagates itself so freely in our shrubberies by rhizomas,
and is naturalised in Ireland, blossoms profusely, but sets no seed; nor
did it set any when fertilised in my garden by pollen from plants growing
at a distance. The Lysimachia nummularia, which is furnished with long
yunners, so seldom produces seed-capsules, that Prof. Decaisne,*® who has
especially 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 said scarcely ever to
produce fruit in England;™ but this plant requires insect-aid for its
fertilisation, and the proper insects may be absent or rare. The Jussiza
grandiflora has become naturalised in Southern France, and has spread by
its rhizomas so extensively as to impede the navigation of the waters,
but never produces fertile seed ™ The horse-radish (Cocllearia armoraci)
spreads pertinaciously and is naturalised in various parts of Europe;
though it bears flowers, these rarely produce capsules: Professor Caspary
also informs mo that he has watched this plant since 1851, but has never
seen its fruit; nor is this surprising, as he finds searcely a grain of good
pollen. The common little Ranuneulus ficaria arely, and some say never,
bears seed in England, France, or Switzerland; but in 1863 T observed
seeds on several plants growing near my house. According to M. Chatin,
there are two forms of this Ranunculus; and it is the bulbiferous form
which does not yield seed from producing no pollen Other cases analo-

7 ¢ Trayels in North America,’ Eng.
translat,, vol. iii. p. 175.

18 With respect to the ivy and Acorus,
s¢e Dr. Bromfield in the ¢ Phytologist,’
vol. iii. p. 876. See also Lindley and
Vaucher on the Acorus.

5 ¢ Annal, des Se. Nat,/ 3rd series,
Zool, tom. iv. p. 280. Prof. Decaisne
refors also to analogous cases with
‘mosses and lichens near Paris.

W Mr, Tuckerman, in Silliman’s
« American Journal of Seience,’ vol. x1v.

P4l
W i J. B. Smith, ‘English Flora,’
vol.i. p. 839,

12 G, Planchon, ‘Flora do Mont-
‘pellier, 1864, p. 20.

‘1 On the non-production of seeds in
England see Mr. Crocker, in * Gardener's
Weekly Magazine’ 1852, p. 70;
Vaucher, * Hist. Phys. Plantes ’ Europe,’
fom. 1. p. 83; Lecoq, * Géograph. Bot. de
T'Europe, tom. iv. p. 466; Dr. D. Clos,
in * Annal. des Sc. Nat., 3rd series, Bot.,
tom. xvil., 185, p. 129 : this latter author
vefers to other analogous cases. On the
‘non-production of pollen by this Ranun-
culus sec Chatin, in * Comptes Rendus,’
June 11th, 1866.
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gous with the foregoing could be given; for instance, some kinds of mosses
‘and lichens have never been seen to fructify in France,
Somo of theso endemic and naturalised plants aro probably rendered
erile from excessive multiplication by buds, and their consequent inca-
1o produce and nourish sced. But the sterility of others moro
depends on the peculiar conditions under which they live, as in
ase of the ivy in the northern parts of Europe, and of the trees in
swamps of the United States; yet these plants must be in some
eminently well adapted for the stations which they occupy, for
their places against a host of competitors,
B

n we reflect on the sterility which accompanies
of fl th ive development of fruit,
crease in the organs of vegetation, we must
the whole effect has seldom been caused at
ipient tendency is observed, and continued selec-
 the work, as is known to be the case with our
and best fruits. The view which seems the most
d which connects together all the foregoing facts

rings them within our present subject, is, that changed
unnatural conditions of life first give a tendency to sterility ;
~ and in consequence of this, the organs of reproduction being no
3 * able fully to perform their proper functions, a supply of
~ organised matter, not required for the development of the sced,
Hlows either into these same organs and renders them foliaceous,
or into the fruit, stems, tubers, &e., increasing their size and
succulency. But I am far from wishing to deny that there
i ly of any incipient sterility, an _antagonism
forms of reproduction, namely, by seed and
by buds, when either is carried to an extreme degree. That
incipient steriity plays an important part in the doubling of
flowers, and in the other cases just specified, I infer chiefly from
the following facts. When fertility is lost from a wholly dif-
ferent cause, namely, from hybridism, there is a strong ten-

dency, as Girtner affirms, 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 foli-

Bastarderzougung, s. 565, Kil- one singlo and the other double, aro
Zeuter (‘Dritto Fortsetzung,' s. 73, 87, crossed, the lybrids are apt to bo
119) also shows that when two species,  extremely double.
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aceous. This latter fact is well shown by the male flowers of
dicecious plants, which, according to Gallesio,® first become
double. Again, Girtner™® often insists that the flowers of even
utterly sterile hybrids, which do not produce any seed, generally
yield porfect capsules or fruit,—a fact which has likewise been
repeatedly observed by Naudin with the Cucurbitacez ; so that
the production of fruit by plants rendered sterile through any
other and distinct cause is intelligible. Kolreuter has also ex-
pressed his unbounded astonishment at the size and development
of the tubers in certain hybrids; and all experimentalists'** have
remarked on the strong tendency in hybrids to increase by roots,
runners, and suckers. Seeing that hybrid plants, which from
their nature are more or less sterile, thus tend to produce double
flowers; that they have the parts including the seed, that 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 organic beings
when exposed to unnatural conditions tend to become more or
less sterile, it seems much the most probable view that with
cultivated plants sterility is the exciting cause, and double
flowers, rich seedless fruit, and in some cases largely-developed
organs of vegetation, &c., are the indirect results—these results
having been in most cases largely increased through continued
selection by man. i
15 ¢ Teoria della Riproduzione Veg.,’ 1816, p. 73.
16 « Bastarderzeugung; . 573. W Tbid, 5 527.
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the fifteenth chapter that when individuals
, or even of a distinct variety, are allowed
iformity of ch: is ulti ly ac-
few however, are incapable of fusion,
unimportant, as they are almost always of a
1 ‘and have suddenly appeared. Hence,
d breeds true, or to improve them
iously necessary that they
heless, through i

~ mod bymortwom,madewiﬁbwmealliedrace,
~and occasionally even by repeated crosses with very distinct
 races; but in almost all such cases, long-continued and careful
 selection has been absolutel 'y, owing to the i
variability of the crossed offspring, due to the principle of rever-
sion. In a few instances, however, mongrels have retained a
uniform ch from their first producti

~ When two varieties 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 acquired would largely depend on pre-
potency of ission, and on the conditions 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 wero slaughtered
by man without the least discrimination, some degree of un-
methodical selection would likewise come into action. From
these several considerations we may infer, that when two or
more closely allied species first came into the possession of
the same tribe, their crossing will not have influenced, in so
great a degree as has often been supposed, the character of the
offspring in future times; although in some cases it probably
has had a considerable effect.

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

Abundant evidence has been given that crossing adds to the
size, vigour, and fertility of the offspring. This holds good when
there has been no previous close interbreeding. It applies to
the individuals of the same variety but belonging to different
families, to distinet varieties, sub-species, and partially even to
species. In the latter case, though size is often gained, fertility
is lost; but the increased size, vigour, and hardiness of many
hybrids cannot be accounted for solely on the principle of com-
pensation from the inaction of the reproductive system. Certain
plants, both of puro and hybrid origin, thonigh perfectly healthy,
have become self-i from the 1 con-
ditions to which tl\ey have been exposed; and such plants, as
well as others in their normal state, can be stimulated to fer-
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 tility only by crossing them with other individuals of the same
E or even of a distinet species.
mﬁeoﬁuhﬂnﬂ,‘.‘e inued close interbreeding
t the nearest relations diminishes the constitutional
and fertility of the offspring ; and occasionally leads

but not to general deterioration
structure.  This failure of fertility shows that the
interbreeding are independent of the angment

common to both parents, though
~doubt is often highly injurious. Our

close interbreeding rests to a large
of practical breeders, especially of
my animals of the kinds which can be
it likewise rests on several carefully
ts. With some animals close interbreeding
n for a long period with impunity by tho
~most vigorous and healthy individuals; but
* evil follows. The evil, however, comes on so
gradually that it easily escapes observation, but can
e the almost instantaneous manner in which
L vigour, and fertility are regained when
’ long been interbred are crossed with a dis-

classes of facts, namely, the good derived
the evil from close interbreeding, with the
nnume adaptations throughout nature
or at least permitting, the occa-
individuals, taken together, lead to the
law of nature that organic beings shall
h for perpetuity. This law was first
at in 1799, with respect to plants, by Andrew

cht,' and, not long that sagacious observer Kol-
Teuter, after showing how well the Malvacew are adapted for

! *Transactions Phil. Soc,,’ 1799, p. fullyacuto observer failed to understand

_ For Kolreuter, see ‘Mém. do the full meaning of the structure of the

TAcad. doSt Pétersbours; tom. i, 1809 flowers which he has so well deseribed.

1811, p. 197. In reading from not always having before his mind

Sprengel's remazkable work, ‘Das  the key to the problem, namely, he

entdeckte Geheimniss, &, 1793, it is good derived from tho crossing of dis.
5 o S e U i ke
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crossing, asks, “an id aliquid in recessu habeat, quod hujus-
cemodi £ores nunquam proprio suo pulvere, sed semper eo
aliarum sue speciei impregnentur, merito queritur? Certe
natura nil facit frustra.” Although we may demur to Kl-
reuter’s saying that nature does nothing in vain, seeing how
many organic beings retain rudimentary and useless organs,
yet undoubtedly the arg from the i ble contriv-
ances, which favour the crossing of distinct individuals of the
same species, 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 uni 1 animals inhabiti hat sepa-
rated localities, which can only occasionally come into contact
and pair, the greater vigour and fertility of the crossed offspring
will ultimately prevail in giving uniformity of character to the
individuals of the same species. But when we go beyond the
limits of the same species, free intercrossing is barred by the
ﬁ law of sterility.

In searching for facts which might throw light on the cause of
the good effects from erossing, 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 effectu-
f ally stimulated by the male element, when taken from a dis-
i tinct 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 repro-
ductive functions are often greatly impaired or quite annulled.
Some groups of animals are more affected than others, but with
apparently capricious exceptions in every group. Some animals
never or rarely couple: some couple freely, but never or rarely
k conceive. The secondary male characters, the maternal fune-
| tions and instincts, are occasionally affected. With plants,
) when first subjected to ivati logous facts have been
observed. We probably owe our double flowers, rich seedless
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~ fruits, and in some cases greatly developed tubers, &e., to
‘’ncipient sterility of the above nature combined with a copious
- supply of nutriment. Animals which have long been domes-
ticated, and plants which have long been cultivated, can gene-
rally withstand with unimpaired fertility great changes in their
conditions of life; though both are sometimes slightly affected.
- With animals the somewhat rare capacity of breeding freely
- under confi has mainly d ined, together with their
 utility, the kinds which have been domesticated,
in no case precisely say what is the cause of the
Aertility of an animal when first captured, or of a
b cultivated ; we can only infer that it is caused
some kind in the natural conditions of life. The
ceptibility. of the reproductive system to such
 susceptibility not common to any other organ,—
has an important bearing on Variability, as wo shall
a future chapter.
It is impossible not to be struck with the double parallelism
between the two classes of facts just alluded to. On the one
- hand, slight changes in the conditions of life, and crosses
- between slightly modified forms or varieties, are beneficial as far
] prolificness and constitutional vigour are d. On the
other hand, changes in the conditions greater injdegree, 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 consti-
tutional vigour is d. Can this parallelism be accidental ?
Doesit not rather indicate some real bond of connection? As
a fire goes out unless it be stirred up, so the vital forces are
- always tending, according to Mr. Herbert Spencer, to a state of
equilibrium, unless disturbed and renovated through the action
of other forces,

In some few cases varieties tend to keep distinct, by breeding
at different periods, by great differences in size, or by sexual
preference,—in this latter respect more especially resembling
species in a state of nature. But the actual crossing of
varietics, far from diminishing, generally adds to the fertility of
both the first union and the mongrel offspring.  Whether all

N

VOL. II.
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the most widely distinct domestic varieties are invariably quite
fertile when crossed, we do not positively know ; much time and
trouble would be requisite for the necessary experiments, and
many difficulties occur, such as the descent of the various
races from aboriginally distinct species, and the doubts whether
certain forms ought to be ranked as species or varieties. Never-
theless, 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 undoubtedly must be ranked as varieties,
yield fewer seeds when crossed than is natural to the parent-
species.  Other varieties have had their reproductive powers so
far modified that they are either more or less fertile than are
their parents, when crossed with a distinet species.

Nevertheless, the fact remains indisputable that domesticated
varieties of animals and of plants, which differ greatly from each
other in structure, but which are certainly descended from the
same aboriginal species, such as the races of the fowl, pigeon,
many vegetables, and a host of other productions, are extremely
fertile when crossed; and this seems to make a broad and im-
passable barrier between domestic varieties and natural species.
But, as I will now attempt to show, the distinction is not so
great and overwhelmingly important as it at first appears.

On the Difference in Fertility between Varieties and Species when
crossed.

This work is not the proper place for fully treating the
subject of hybridism, and I have already given in my ¢Origin
of Species’ a moderately full abstract. I will here merely
enumerate the general conclusions which may be relied on, and
which bear on our present point.

Firstly, the laws governing the production of hybrids are
identical, or mnearly identical, in the animal and vegetable
kingdoms.

Seeondly, the sterility of distinet species when first united,
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and that of their hybrid offspring, graduates, by an almost
infinite number of steps, from zero, when the ovule is never
impregnated and a seed-capsule is never formed, up to complete
fertility. 'We can only escape the conclusion that some species
are fully fertile when crossed, by determining to designate as
varieties all the forms which are quite fertile. This high degree
of fertility is, however, rare. Nevertheless plants, which have been
exposed to unnatural conditions, sometimes become modified in so
peculiar a manner, that they are much more fertile when crossed
by a distinct species than when fertilised by their own pollen.
Success in effecting a first union between two species, and the
fertility of their hybrids, depends in an eminent degree on the
conditions of life being favourable. The innate sterility of hybrids
of the same parentage and raised from the same seed-capsule
often differs much in degree.

Thirdly, the degree of sterility of a first cross between two
species does not always run strictly parallel with that of their
hybrid offspring. Many cases are known of species which can
be crossed with ease, but yield hybrids excessively sterile; and
conversely some which can 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 fer-
tilise the second; but the latter is incapable, after hundreds of
trials, of fertilising the former. Hybrids produced from reci-
procal erosses between the same two species, likewise sometimes
differ in their degree of sterility. These cases also are utterly
inexplicable on the view of sterility being a special endowment.
Fifthly, the degree of sterility of first crosses and of hybrids
Tuns, to a certain extent, parallel with the general or system-
atic affinity of the forms which are united. For species be-
longing to distinct genera can rarely, and those belonging to
distinet families can never, be crossed. The parallelism, how-
ever, is far from complete; for a multitude of closely allied
species will not unite, or unite with extreme difficulty, whilst
other species, widely different from each other, can be crossed
with perfect facility. Nor does the difficulty depend on ordinary
N 2
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constitutional differences, for annual and perennial plants,
deciduous and evergreen trees, plants flowering at different
seasons, inhabiting different stations, and naturally living under
the most opposite climates, can often be crossed with ease.
The difficulty or facility apparently depends exclusively on the
sexual constitution of the species which are crossed; or on their
sexual elective affinity, i. e. Waklverwandtschaft of Girtner. As
species rarely or never become modified in one character,
without being at the same time modified in many, and as sys-
tematic affinity includes all visible resemblances and dissimi-
larities, any difference in sexual constitution between two species
would naturally stand in more or less close relation with their
systematic position.

Siathly, the sterility of species when first crossed, and that
of hybrids, may possibly depend to a certain extent on distinct
causes. With pure species the reproductive organs are in a
perfect condition, whilst with hybrids they are often plainly
deteriorated. A hybrid embryo which partakes of the constitu-
tion 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
10 bearing on the infertility of first unions. The diminished
number of the offspring from first unions may often result, as is
certainly sometimes the case, from the premature death of most
of the hybrid embryos. But we shall immediately see that a
law of an unknown nature apparently exists, which causes the
offspring from unions, which are infertile, to be themselves more
or less infertile ; and this at present is all that can be said.

Seventhly, hybrids and mongrels present, with the one great
exception of fertility, the most striking accordance in all other
respects; namely, in the laws of their resemblance to their two
parents, in their tendency to reversion, in their variability, and
in being absorbed through repeated crosses by either parent-
form.

Since arriving at the foregoing conclusions, condensed from
my former work, I have been led to investigate a subject which
throws considerable light on hybridism, namely, the fertility of
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cally dimorphic and trimorphic plants, when illegiti-
united. T have had occasion several times to allude to
e plants, and I may here give a brief abstract? of my
tions. Several plants belonging to distinet orders pre-
two forms, which exist in about equal numbers, and which
er in no respect except in their reproductive organs; one
form having a long pistil with short stamens, the other a short
’slnﬂ with long stamens; both with differently sized pollen-
With trimorphic p]ants there are three forms likewise
i in the lengths of their pistils and stamens, in the size
i wm of the pollen-grains, and in some other respects ; and
each of the three forms there are two sets of stamens,
are altogether six sets of stamens and three kinds of
~ These organs are so proportioned in length to each other
L any two of the forms, half the stamens in each stand
level with the stigma of the third form. Now I have shown,
the result has been confirmed by other observers, that, in
er to obtain full fertility with these plants, it is necessary
the stigma of the one form should be fertilised by pollen
from the stamens of corresponding height in the other
So that with dimorphic species two unions, which may
 legitimate, are fully fertile, and two, which may be
timate, are more or less infertile. With trimorphic
are legitimate or fully fertile, and twelve are
» or less infertile.
may be observed in various dimorphic
, when they are illegitimately fertilised,
lhmem ot ding in height
much in degree, up to absolute and utter
‘”m ﬁn same manner as occurs in crossing distinct
As the degree of sterility in the latter case depends

ble, so I have found it with illegitimate unions. It
Jmown that if pollen of a distinet species be placed on
‘stigma of a flower, and its own pollen be afterwards, even

my original observations on this point
have mot as yet been published in
detail, T have ventured here to reprint
the al
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after a considerable interval of time, placed on the same stigma,
its action is so strongly prepotent that it lly annibil
the effect of the foreign pollen; so it is with the pollen of the
several forms of the same specics, for legitimate pollen is strongly
prepotent over illegitimate pollen, when both are placed on the
same stigma. I ascertained this by fertilising several flowers,
first illegitimately, and twenty-four hours afterwards legitimately,
with pollen taken from a peculiarly coloured varicty, and all
the seedlings were similarly coloured ; this shows that the legi-
timate 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 something analogous occurs
with dimorphic plants; for a short-styled cowslip (P. veris)
yields more seed when fertilised by the long-styled form, and less
seed when fertilised by its own form, compared with a long-styled
cowslip when fertilised in the two corresponding methods.

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 led me carefully
to observe during four years many seedlings, raised from several
illegitimate unions. The chief result is that these illegitimate
plants, as they may be called, are not fully fertile, It is pos-
sible to raise from dimorphic species, both long-styled and short-
styled illegitimate plants, and from trimorphic plants all three
illegitimate forms. Theso can then be properly united in a legi-
timate manner. When this is done, there is no apparent reason
why they should not yield as many seeds as did their parents
when legitimately fertilised. But such is not the case; they are
all infertile, but in various degrees; some being so utterly and
incurably sterile that they did not yield during four seasons a
single seed or even seed-capsule. These illegitimate plants,
which are so sterile, although united with each other in a legi-
timate manner, may be strictly compared with hybrids when
crossed 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 fortilised by
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legitimate plant. In the same manner as the sterility of
does not always run parallel with the difficulty of making
cross between the two parent species, so the sterility of
illegitimate plants was unusually great, whilst the steri-
of the union from which they were derived was by no means
%, With hybrids raised from the same sced-capsule the
of sterility is innately variable, so it is in a marked
er with illegitimate plants. Lastly, many hybrids are
e and persistent flowerers, whilst other and more sterile
prodiice few flowers, and are weak, miserable dwarfs ;
similar cases occur with the illegitimate offspring of
ic and trimorphic plants.
mn the closest identity in character and beha-
’ plants and hybrids. Tt is hardly an

d \ to maintain that the former are hybrids, but pro-
within the limits of the same species by the improper
certain forms, whilst ordinary hybrids are produced
Jimproper union between so-called distinet species. We
2 M seen that there is the closest similarity in all re-
first illegitimate unions, and first crosses between
- This will perhaps be made more fully apparent
tion: we may suppose that a botanist found two
ties (and such occur) of the long-styled form
salicaria, and that he determined to
they were specifically distinct. He
ounly about one-fifth of the proper
behaved in a.ll the other above-

in accordance with the
were as good and as
1d; but he would be com-

and tri hi lantsare
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test of lessened fertility, both in first crosses and in hybrids, is
no safe criterion of specific distinction} secondly, beeauso wo
may conclude that there must be some unknown law or bond
connecting the infertility of illegitimate unions with that of
their illegitimate offspring, and we are thus led to extend this
view to first crosses and hybrids; thirdly, because we find, and
this seems to me of especial importance, that with trimorphic
plants three forms of the same species exist, which when crossed
ina particular manner are infertile, and yot theso forms differ
in no respect from each other, except in their reproductive
organs,—as in the relative length of the stamensfand pistils,
in the size, form, and colour of the pollen-grains, in the struc.
ture of the stigma, and in the number and size of the seeds.
With these differences and no others, either in organisation or
constitution, we find that the illegitimate unions and the ille-
gitimate progeny of these three forms are more or less sterile,
and closely resemble in a whole series of relations the first
unions and hybrid offspring of distinct species. From this we
may infer that the sterility of species when crossed and of their
bybrid progeny is likewise in all probability exclusively duo
to differences confined to the reproductive system. We have
indeed been brought to a similar conclusion by observing that
the sterility of crossed species does not strictly coincide with
their systematic affinity, that is, with the sum of their external
resemblances; nor does it coincide with their similarity in
general constitution. But we are more especially led to this
same conclusion by considering reciprocal crosses, in which the
male of one species cannot be united, or can be united with
extremo difficulty, with the female of a second species, whilst
the converso cross can be effected with perfect facility; for
this difference in the facility of making reciprocal crosses, and
in the fertility of their offspring, must be attributed either to
the male or fomalo element in the first species having been
differentiated with reference to the sexual element, of the second
species in a higher degree than in the converse case. In so
complex a subject as Hybridism it is of considerable importance
thus to arrive at a definitive conelusion, namely, that the
sterility which almost invariably follows the union of distinet
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species depends exelusively on differences in their sexual con-
stitution.

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 varicties in a state
~ of nature, that is to incipient species, if they could be kept
- from Dlending, cither through sexual aversion, or by becoming
- mutually sterile. Hence it at one time appeared to me probable,
as it has to others, that this sterility might have been acquired
through natural selection. On this view we must suppose that
a shade of lessened fertility first spontaneously appeared, like
any other modification, in certain individuals of a species
when erossed with other individuals of the same species; and
that successive slight degrees of infertility, from being advan-
- tageous, were slowly accumulated. This appears all the more
- probable, if we admit that the structural differences between
the forms of dimorphic and trimorphic plants, as the length
- and curvature of the pistil, &c,, have been co-adapted through

natural selection; for if this be admitted, we can hardly avoid
extending the same conclusion to their mutual infertility.
Sterility moreover has been acquired through natural selection
for other and widely different purposes, as with neuter insects
¥ to their social economy. In the case of plants, the
the circumference of the truss in the guelder-rose
m opulus) and those on the summit of the spike in the
cinth (Muscari comosum) have been rendered con-
and apparently in consequence sterile, in order that
s might easily discover and visit the other flowers. But
X en we endeavour to apply the principle of natural selection
to the acquirement by distinct species of mutual sterility, we
meet with great difficulties. In the first place, it may be
remarked that separate regions are often inhabited by groups of
species or by single species, which when brought together and
erossed are found to be more or less sterile ; now it could clearly
- have been of no advantage to such separated species to have
- been rendered mutually sterile, and consequently this could not
have been effected through natural selection; but it may per-
haps be argued, that, if a species were rendered sterile with



186 HYBRIDISM. Caae. XIX.

some one compatriot, sterility with other species would follow
as a necessary consequence. In the second Pplace, it is as much
opposed to the theory of natural selection, as to the theory of
special creation, that in reciprocal crosses the male element
of one form should have been rendered utterly impotent on a
second form, whilst at the same time the male element of this
second form is enabled freely to fertilise the first form ; for this
peculiar state of the reproductive system could not possibly be
advantageous to either species.

In considering the probability of natural seleotion having
come into action in rendering species mutually sterile, one
great diffculty will be found to lis in the existence of many
graduated steps from slightly lessened fertility to absolute
sterility. It may be admitted, on the principle above explained,
that it would profit an incipient species if it were rendered 1
some slight degree sterile when crossed with its parent-form or
with some other variety ; for thus fewer bastardised and dete-
riorated offspring would be produced to commingle their blood
with the new species in process of formation. But he who will
take the trouble to reflect on the steps by which this first
degree of sterility could be increased through natural selec-
tion to that higher degree which is common to so many
species, and which is universal with species which have been dif-
ferentiated to a generic or family rank, will find the subject extra-
ordinarily complex. After mature reflection it scems 1o mo thet
this could not have been effected through natural selection 5 for
it could have been of no direct advantage to an individual
animal to breed badly with another individual of a different
variety, and thus leave fow offspring ; consequently such indi-
viduals could not have been preserved or selected. Or take
the case of two species which in their present state, when
crossed, produce few and sterile offspring ; now, what is there
which could favour the survival of those individuals which
happened to be endowed in a slightly higher degree with mutual
infertility and which thus approached by one small step towards
absolute sterility ? yet an advance of this kind, if the theory
of natural selection be brought to bear, must have incessantly
occurred with many species, for a multitude are mutually
quite barren.  With sterile neuter insects we have reason to
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believe that modifications in their structure 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, if rendered slightly sterile when crossed with
some other variety, would not thus in itself gain any advantage,
or indirectly give any advantage to its nearest relatives or to
 other individuals of the same variety, leading to their preserva-
- tion. T infer from these considerations that, as far as animals
are concerned, the various degrees of lessened fertility which
oceur with species when crossed cannot have been slowly accu-
- mulated by means of natural selection.
~ With plants, it is possible that the case may be somewhat
different. With many kinds, insects constantly carry pollen
from neighbouring plants to the stigmas of each flower; and
with some species this is effected by the wind. Now, if the
pollen of a variety, when deposited on the stigma of the same
variety, should become by spontaneous variation in ever so
slight a degree prepotent over the pollen of other varieties, this
would certainly be an advantage to the variety; for its own
pollen would thus obliterate the effects of the pollen of other
varieties, and prevent deterioration of character. And the more
prepotent the variety’s own pollen could be rendered through
y ion, the greater the advantage would be. Wo
* researches of Giirtner that, with species which
‘sterile, the pollen of each is always prepotent on
over that of the other species; but we do not
hether this prepotency is a consequence of the mutual
or the sterility a consequence of the prepotency. If
er view be correct, as the prepotency became stronger
t matural selection, from being advantageous to a species
in process of formation, so the sterility consequent on prepo-
tency would at the same time be augmented; and the final
result would be various degrees of sterility, such as occurs with
existing species. This view might be extended to animals, if
the female before each birth received several males, so that the
- sexual element of the prepotent male of her own variety obli-
terated the effects of the access of previous males belonging
to other varieties; but we have no reason to believe, at least
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with terrestrial animals, that this is the case; as most males and
females pair for each birth, and some few for life,

On the whole we may conclude that with animals the sterility
of crossed species has mot been slowly augmented through
natural selection ; and as this sterility follows the same general
laws in the vegetable as in the animal kingdom, it is improbable,
though apparently possible, that with plants crossed species should
have been rendered sterile by a different process.  From this
consideration, and remembering that species which have never
co-existed in the same country, and which therefore could not
have received any advantage from having been rendered mu-
tually infertile, yet are generally sterile when crossed; and
bearing in mind that in reciprocal crosses between the same
two species there is sometimes the widest difference in their
sterility, we must give up the belief that natural selection has
come into play.

As species have not been rendered mutually infertile through
the accumulative action of natural selection, and as we may
safely conclude, from the previous as well as from other and
more general considerations, that they have not been endowed
through an act of creation with this quality, we must infer
that it has arisen incidentally during their slow formation in
connection with other and unknown changes in their organisa-
tion. 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 exposed ;
and this di in ptibility is clearly incidental on
other and unknown differences in their organisation. 8o again
the capacity in different kinds of trees to be grafted on each
other, or on a third species, differs much, and is of no advantage
to these trees, but is incidental on structural or functional dif-
ferences in their woody tissues. We need not feel surprise at
sterility incidentally resulting from crosses between distinct
species,—the modified descendants of a common Pprogenitor,—
when we bear in mind how easily the reproductive system is
affected by various causes—often by extremely slight changes
in the conditions of life, by too close interbreeding, and by
other agencies. It is well fo bear in mind such cases, as that
of the Passiflora alata, which recovered its self-fertility from
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being grafted on a distinct species—the cases of plants which

or abnormally are self-impotent, but can readily be
Afertilised 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-
~eussion: how is it that, with some few exceptions in the case of
~ plants, domesticated varieties, such as those of the dog, fowl,
3 n, several fruit-trees, and culinary vegetables, which differ
- from each other in external characters more than many species,
are perfectly fertile when crossed, or even fertile in excess,
- whilst closely allicd species are almost invariably in some
egree sterile? We can, to a certain extent, give a satisfactory
answer to this question. Passing over the fact that the amount
of external difference between two species is no sure guide to
their degree of mutual sterility, so that similar differences in
the case of varieties would be no sure guide, we know that with
species the cause lies exclusively in differences in their sexual
~ constituti Now the conditions to which d icated animals
and cultivated plants have been subjected, have had so little
tendency towards modifying the reproductive system in a
manner leading to mutual sterility, that we have good grounds
the directly opposite doctrine of Pallas, namely,
lons generally eliminate this tendency; so that
descendants of species, which in their natural
> been in some degree sterile when crossed,
fertile together. With plants, so far is culti-
a tendency towards mutual sterility, that in
thenticated cases, already often alluded to, certain
 have been affected in a very different manner, for they
become self-impotent, whilst still retaining the capacity
ing, and being fertilised by, distinct species. If the
doctrine of the elimination of sterility through long-
o p&md domestication be admitted, and it can hardly be
b mmﬂ in the highest degree improbable that similar

r should commonly both induce and eliminate the
same tendency ; though in certain cases, with species having a
peculiar constitution, sterility might occasionally be thus in-
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duced.  Thus, as I believe, we can understand why with domes-
ticated animals varieties have not been produced which are
mutually sterile; and why with plants only a few such cases
have been observed, namely, by Giirtner, with certain varieties
of maize and verbascum, by other experimentalists with varie-
ties of the gourd and melon, and by Kélreuter with one kind
of tobacco,

With respect to varieties which have originated in a state of
nature, it is almost hopeless to expect to prove by direct evi-
dence that they have been rendered mutually sterile ; for if even
atrace of sterility could be detected, such varieties would at
once be raised by almost every naturalist to the rank of distinct
species. If, for instance, Giirtner’s statement were fully con-
firmed, that the blue and red-flowered forms of the pimpernel
(Anagallis arvensis) are sterile when crossed, I presume that all
the botanists who now maintain on varions grounds that these
two forms are merely fleeting varieties, would at once admit
that they wero 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 so generally occurred
with natural varieties as soon as they have been modified in a
sufficient and permanent degree to take rank as species. We
are fax from precisely knowing the canse; nor is this surprising,
seeing how profoundly ignorant we are in regard to the normal
and abnormal action of the reproductive system. But we can
see that species, owing to their struggle for life with numerous
competitors, must have been exposed to more uniform conditions
during long periods of time, than have been domestic varieties ;
and this may well make a wide difference jn the result. Tor we
know how commonly wild animals and plants, when taken from
their natural conditions and subjected to captivity, are rendered
sterile; and the reproductive functions of organic beings which
have always lived and been slowly modified under natural con-
ditions would probably in like manner be eminently sensitive to
the influence of an cross. D icated producti
on the other hand, which, as shown by the mere fact of their
domestication, were not originally highly sensitive to changes
in their conditions of life, and which can now generally resist
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with undiminished fertility repeated changes of conditions,
might be expected to produce varieties, which would be little
liable to have their reproductive powers injuriously 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 each other,—all varieties can be so grafted. Some
allied animals are affected in a very different manner by the
same poison, but with varieties no such case until recently was
Jknown, but now it has been proved that immunity from certain
poisons stands in some cases in correlation with the colour of
the hair. The period of gestation generally differs much with
distinet species, but with varieties until lately no such difference
had been observed. The time required for the germination
of seeds differs in an analogous manner, and I am not aware
that any difference in this respect has as yet been detected
_with varieties. Here we have various physiological differences,
and no doubt others could be added, between one species and
another of the same genus, which do not occur, or oceur with
extreme rarity, in the case of varieties; and these differences
are apparently wholly or in chief part incidental on other con-
stitutional differences, just in the same manner as the sterility
of crossed species is incidental on differences confined to the
sexual system. Why, then, should these latter differences, how-
ever serviceable they may indirectly be in keeping the inha-
bitants of the same country distinet, be thought of such para-
‘mount importance, in comparison with other incidental and
functional differences? No sufficient answer to this question
can be given. Hence the fact that the most distinct domestic
varieties are, with rare exceptions, perfectly fertile when crossed,
and produce fertile offspring, whilst closely allied species are,
with rare exceptions, more or less sterile, is not nearly so
formidable an objection as it appears at first to the theory of
the common descent of allied species.
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CHAPTER XX.

SELECTION BY MAN.

SELECTION A DIFFICCLT ART — METHODICA, UNCONSCIOUS, AND NATURAL, SELEOTION
— RESOLTS OF METHODICAL SELECTION — CARE TAKEN TN SELECTION — SELEOTION
WHTH FLANTS — SELECTION CARNIED ON BY THE ANCIENTS, AND BY SEMI-CIVILISED
ZPEOPLE — UNIMPORTANT CHABACTERS OFTEN ATTENDED TO — UNCONSCIOUS SELEC-
TION — AS CIRCEMSTANCES SLOWLY CHANGE, 50 HAVE OUR DOMESTICATED ANIMALS
CHANGED THROUGH THE ACTION OF UNCONSCIOUS SELECTION — INFLUENCE OF
DIFFERENT BREEDERS ON THE SAME SUB-VARIETY — PLANTS AS AFFEOTED BY
UNCONSCIOUS SELECTION — EFFECTS OF SELECTION AS SHOWN BY THE GREAT
AMOUNT OF DIFFERENCE IN THE PARTS MOST VALUED BY MAY,

THE 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, however, suffice for the
work, and are probably the sole differences which are effective
in the production of new species. Hence our discussion on the
canses and laws of variability ought in strict order to have pre-
ceded our present subject, as well as the previous subjects of
inheritance, crossing, &c. ; but practieally the present arrange-
ment has been found the most convenient. Man does not
attempt to cause variability ; though he unintentionally effects
this by exposing organisms to new conditions of life, and by
crossing breeds already formed. But variability being granted,
he works wonders. Unless some degree of selection be exercised,
the free commingling of the individuals of the same variety soon
obliterates, as we have previously seen, the slight differences
which may arise, and gives to the whole body of individuals
uniformity of character. In scparated districts, long-continued
exposure to different conditions of life may perhaps produce new
races without the aid of selection; but to this difficult subject
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of the direct action of the conditions of life we shall in a future
chapter recur.

- When animals or plants are born with some conspicuous and
firmly inherited new character, selection is reduced to the pre-
servation of such individuals, and to the subseqs P ion of

~ erosses 3 5o that nothing more need be said on the subject. Bu

in the great majority of cases a new character, or some superi-
ority in an old character, is at first faintly pronounced, and is
not strongly inherited ; and then the full difficulty of sclection
is experienced. Indomitable patience, the finest powers of
discrimination, and sound judg must be ised during
many years. A clearly predetermined object must be kept
steadily in view. Few men are endowed with all these qualities,

pecially with that of discriminating very slight diff ¥

Jjudgment 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 judgment have been proved by their success at exhi-
bitions, have shown me their animals, which appeared all alike,
and have assigned their reasons for matching this and that indi-
vidual. The importance of the great principle of Seloction
mainly lies in this power of selecting scarcely appreciable
differences, which nevertheless are found to be transmissible,
and which can be accumulated until the result is made manifest
to the eyes of every beholder.

The principle of selection may be conveniently divided into
three kinds. Methodical selection is that which guides a man

who systematically endeavours to modify a breed according to

- some preds ined standard. Up tous 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 distinetly separated ;

for he who preserves a useful or perfect animal will gene-

rally breed from it with the hope of getting offspring of the

same character; but as long as he has not a predetermined

purpose to improve the breed, he may be said to be selecting
VOL. L o
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unconsciously.! Lastly, we have Natural selection, 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, with which alone we are here strictly
concerned, natural selection comes to a certain extent into
action, independently of, and even in' opposition to, the will
of man.

Methodical Selection.—What man has effected within recent
times in England by methodical selection is clearly shown by
our exhibitions of improved quadrupeds and fancy birds. With
respect to cattle, sheep, and pigs, we owe their great improve-
ment to a long series of well-known names—Bakewell, 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 agriculturist, not only to modify the
character of his flock, but to change it altogether.” A great
breeder of shorthorns® says, “In the anatomy of the shoulder
“modern breeders have made great improvements on the
“ Ketton shorthorns by correcting the defect in the knuckle o
« shoulder-joint, and by laying the top of the shoulder more
“smugly into the crop, and thereby filling up the hollow
“behind it. . . . .The eye has its fashion at different periods :
“at one time the eye high and outstanding from the head, and
“at another time the sleepy eye sunk into the head; but theso
“ extremes have merged into the medium of a full, clear, and
“ prominent eye with a placid look.”

Again, hear what an excellent judge of pigs* says: “The legs

! The term unconscious selection has
been objected to as a contradiction : but
ace some excellent, observations on this
head by Prof. Huxley (‘Nat. Hist.
Review, Oct. 1864, p. 578), who re-
marks that when the wind heaps up
snd-duncs it sifts and unconsciously
salects from the gravel on the beach

grains of sand of equal size.

# Sheep, 1838, p. 60.

3 Mr.J. Wright on Shorthorn Cattle,
in ‘Journal of Royal Agricult. Soc.’
vol. vii. pp. 208, 209,

* H. D, Richardson on Pigs, 1817,
.44,
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“ghould be no longer than just to prevent the animal’s belly
 “from trailing on the ground. The leg is the least profitable
“ portion of the hog, and we therefore require no more of it than
“ s absolutely necessary for the support of the rest.” Let any
one compare the wild-boar with any improved breed, and he will
see how effectually the legs have been shortened.

~ Few persons, except breeders, are aware of the systematic
care taken in selecting animals, and of the necessity of having a
clear and almost prophetic vision into futurity. Lord Spencer’s
skill and judgment were well known; and he writes,® “It is
“ therefore very desirable, before any man commences to breed
« either cattle or sheep, that he should make up his mind to the
“sghape 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, according to which the London fanciers tried to breed the
several sub-varieties” A great winner of prizes at the Pigeon-
shows® in describing the Short-faced Almond Tumbler, says,
3 Mmmy first-rate fanciers who are particularly partial

“to what is called the goldfinch-beak, which is very beautiful ;
“ others say, take a full-size round cherry, then take a barley-
“com, and judiciously placing and thrusting it into the cherry,
- “form as it were your beak; and that is not all, for it will form
“a good head and beak, provided, as I said before, it is judi-
~ “ciously done;,others take an oat; but as I think the gold-
finch-beale 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 as is the beak
of the rock-pigeon and goldfinch, undoubtedly, as far as ex-
,""wmﬂdn.AgnmlLsM vol i p. 24. lshaep,yp 520, 319.
Loudon's *Mag. of Nat. Hist,' vol. vili, 1835, p.

"‘"‘AMmmAmfnmdmgmummdhmbm 1851, p. 9.
4 02
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ternal shape and proportions are concerned, the end has been
nearly gained.
Not only should our animals be examined with the greatest

“care whilst alive, but, as Anderson remarks,’ their carcases should

be serutinised, “s0 as to breed from the descendants of such
only as, in the language of the butcher, cut up well.” The
“ grain of the meat” in cattle, and its being well marbled with
fat,” and the greater or less accumulation of fat in the abdomen
of our sheep, have been attended to with success. So with
poultry, a writer,"* speaking of Cochin-China, fowls, which are
said to differ much in the quality of their flesh, says, “the hest
“mode is to purchase two young brother-cocks, kill, dress, and
“serve up one; if he be indifferent, similarly dispose of the
“ other, and try again ; if, however, he be fine and well-flavoured,
“his brother will not be amiss for breeding purposes for the
“ table.”

he great principle of tho division of Ibour has been brought
to bear on selection. In_certain districts'” « the breeding of
“bulls is confined to a very limited number of persons, who by
“devoting their whole attention to this department, are able
«from year to year to furnish a class of bulls which are steadily
“improving the general breed of the district.” The rearing
and letting of choice rams has long been, as is well known, a
chief source of profit to several eminent breeders. In parts of
Germany this princigle is carried with merino sheep to an
extreme point® «So important is the proper seloction of
“breeding animals considered, that the best flock-masters do
¢ ot trust to their own judgment, or to that of heir shephords,
“ but employ persons called ¢ sheep-classifiers,” who make it their
“ special business to attend to this part of the management of
“ several flocks, and thus to preserve, or if possible to improve,
“ the best qualities of both parents in the lambs” Tn Saxony,
“when the lambs are weaned, each in his turn is placed upon
“a table that his wool and form may be minutely observed.

* “Bocreations in  Agrieulture,’ vol.  Agrieult, Soo,” quoted in ¢ Gard, Ohro-
9,

ii. p. 409, nicle,” 1844, p, 29,
1 Youatt on Cattle, pp. 191, 227. 2 Simmonds, quoted in ‘Gard.
poycrguson, ‘Prizo Poultry,' 1854,  Chronicle, 1855, p. 687, And for the
P- 208, second quotation, see Youatt on Sheep,

1 Wilson, in *Transact. Highland  p. 171,
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“The finest are selected for breeding and receive a first mark.
“\When they are one year old, and prior to shearing them,
“ another close examination of those previously marked takes
“ place: those in which no defect can be found receive a second
« mark, and the rest are condemned. A few months afterwards
«q third and last serutiny is made; the prime rams and ewes
“ eceive a third and final mark, but the slightest blemish is
« sufficient to cause the rejection of the animal.” These sheep
are bred and valued almost exclusively for the fineness of their
wool; and the result corresponds with the laLour bestowed on
their selection. Instruments have been invented to measure
accurately the thickness of the fibres; and “an Austrian fleece
has been produced of which twelve hairs equalled in thickness
one from a Leicester sheep.”

Throughout the world, wherever silk is produced, the greatest
care is bestowed on selecting the cocoons from which the moths
for breeding are to be reared. A careful cultivator likewise
examines the moths themselves, and destroys those that are not
perfect. But what more immediately concerns us is that certain
families in France devote themselves to raising eggs for sale.””
In China, near Shanghai, the inhabitants of two small districts
have the privilege of 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 perpetuated
by the « Sebnghc Banmm," used to spend “ two and three days

and d ing with a friend which
wure the best of five or six bu'ds.”"’ Mzr. Bult, whose pouter-
pigeons won so many prizes and were exported to North
America under the charge of a man sent on purpose, told
me that he always deliberated for several days before he
matched each pair. Hence we can understand the advice of an
eminent fancier, who writes,* “I would here particularly guard

 Robinet, VetholB, HEgnea ¥ ¢The Poultry Chronjele,” vol. i,
% Quatrefages, ‘Les Maladios du 1854, p. 607,
e oie, 1850 . . 15 3. M. Eaton, ¢ A Treatise on Fancy
imon, in ‘Bull. de ln Soc. Pigeons, 1852, p. xiv., and ¢ A Treatiso
«m«.umu tom. ix, 1862, p. 221 on the Almond Tumbler, 1851, p. 11.
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“ you against having too great a variety of pigeons, otherwise
“you will know a little of all, but nothing about one as it
“ought to be known.” Apparently it transcends the power of
the human intellect to breed all kinds: “it is possible that
“ there may be a few fanciers that have a good general know-
“ledge of fancy pigeons; ‘but there are many more who labour
pnder 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 pre-
sumptuous in the beginner to try for all these points. The
sreat judge above quoted says, “there are some young fanciers
“who are over-covetous, who go for all the above five Pproperties
“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 s
sufficiently proved, as already remarked, by our Exhibitions.
So greatly were the sheep belonging to some of the earlier
breeders, such as Bakewell and Lord Western, changed, that
many persons could not be persuaded that they had not been
crossed. Our pigs, as Mr. Corringham remarks,» during the
last twenty years have undergone, through rigorous selection
together with crossing, a complete metamorphosis, The first
exhibition for poultry was held in the Zoological Giardens in
1845; and the improvement effected since that time has been
great. As M. Baily, tho great judge, remarked to mo, 1 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 farnished would be at
once disqualified; beards were ordered, and out of fifty-seven
pens lately (1860) exhibited at the Crystal Palaco, all had
beards. 8o it has been in many other cases. But in all cases
the judges order only what is occasionally produced and what
can be Tmproved and rendered constant by selection. The
steady increase of weight during the last few years in our

" “Journal Royal Agricultural Soc., vol. vi, P22




Cuar. XX. METHODICAL SELECTION. 199

fowls, turkeys, ducks, and geese is notorious; © six-pound
ducks are now common, whereas four pounds was formerly the
average.” As the actual time required to make a change has
not often been recorded, it may be worth mentioning that it
took Dr. Wicking thirteen years to put a clean white head on
an almond tumbler’s body,  a triumph,” says another fancier,
“ of which he may be justly proud.”*
M. Tollet, of Betley Hall, selected cows, and especially bulls,
descended from good milkers, for the sole purpose of improving
his cattle for the production of cheese; he steadily tested the
mille with the lactometer, and in eight years he increased, as T
was informed by him, the product in the proportion of four to
three. Here is a curious case® of steady but slow progress,
with the end not as yet fully attained: in 1784 a race of silk-
worms was introduced into France, in which one hundred out
of the thousand failed to produce white cocoons; but now, after
careful selection during sixty-five generations, the proportion of
yellow cocoons has been reduced to thirty-five in the thousand.
With plants selection has been followed with the same good
results as with animals. But the process 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 pre-
vent crosses as with animals or unisexual plants; but with
some plants, such as peas, this care does not seem to be neces-
sary. With all improved plants, excepting of course those
which are propagated by buds, cuttings, &e., it is almost indis-
ble to examine the seedlings and destroy those which
depart from the proper type. This is called « roguing,” and
is, in fact, a form of selection, like the rejection of inferior
i Experienced Lorti ists and. agri ists inces-
santly urge every one to preserve the finest plants for the
production of seed.
* Although plants often present much more conspicuous varia-
tions 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

» ¢ Poultry Chronicle, vol. i, 1855, . 596.
21 [5id. Geoffroy St. Hilaire, * Hist. Nat. Gén,” tom. iii. p. 254.
= «Gardener’s Chronicle,’ 1850, p. 198.
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young, to the detection of differences in peas intended for seed.
Mr. Barnet® remarks that the old scarlet American strawberry
was_cultivated for more than a century without producing a
single variety ; and another writer observes how singular it was
that when gardeners first began to attend to this fruit it began

seed, no conspicuous result was obtained, The finest shades of
difference in wheat have been discriminated and selected with
almost as much care, as we see in Colonel Le Couteur’s works,
as in the case of the higher animals; but with our cereals the
process of selection has seldom or never been long continued.

It may be worth while to give a few examples of methodical
selection with plants; but in fact the great improvement of all
our anciently cultivated plants may be attributed to seloctiom
long carried on, in part methodically, and in part unconsciously.
T have shown in a former chapter how the weight of the goose-
berry has been increased by systematic selection and culture,
The flowers of the Heartsease have been similarly increased in
size and regularity of outline. With the Cineraria, M, Glenny
“was bold enough, when the flowers were ragged and starry
“and ill defined in colour, to fix a standard which was then
“ consid trageously high and impossible, and which, oven
« i reached, it was said, we should be no gainers by, ns it would
“spoil the beauty of the flowers. He maintained that he was
“right; and the event has proved it to be s0.” The doubling
of flowers has several times been effected by careful selection »
the Rev. W. Williamson,® after sowing during several Years
seed of Anemone coronaria, found a plant with one additional
petal; he sowed the seed of this, and by Pperseverance in the
same course obtained several varieties with six OF 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

* ‘Trnsct. Hort. Soc,” vol. vi. p. % « Transet, Hort. Soc,” vol. iv. p,
152, A

2 *Journal of Horticulture,’ 1862, p. - % Roy. W Bromehead, in ¢ Gard,
309, Chronicle,” 1857, p. 550,
* “Transact. Hort. Soe, voliv.p.38L. 2 ¢ Gand, Clro

P- 550.
icle,’ 1862, p. 721,
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careful selection, converted parsnips, raised from wild seed, into
anew and good variety. By selection during a long course of
years, the early maturity of peas has been hastened from ten to
twenty-one days® A more curious case is offered by the bect-
~ plant, which, since its cultivation 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 regu-
larly tested, and the best roots saved for the production of
seed.®
Selection by Ancient and Semi-civilised People.

Tn attributing so much importance to the selection of animals
and plants, it may be objected that methodical selection would
ot have been carried on during ancient times. A distinguished
 naturalist considers it as absurd to suppose that semi-civilised

people should have practised selection of any kind. Undoubt-
edly the principle has been systematically acknowledged and
~ followed to a far greater extent within the last hundred years
“than at any former period, and a corresponding result has
. been gained; but it would be a great error to suppose, as we
~ shall § diately see, that its imp was not ised
 acted on

during the most ancient times, and by semi-
1 should premise that many facts now to be
that care was taken in breeding; but when
selection is almost sure to be practised to a
. shall hereafter be enabled better to judge
‘when only occasionally carried on, by a few
 of a country, will slowly produce a great

n passage in the thirtieth chapter of Genesis,
given for influencing, as was then thought possible,
of sheep; and speckled and dark breeds are spoken
kept separate. By the time of David the fleece was
to snow. Youatt," who has discussed all the passages
to breeding in the Old Testament, concludes that
® Godron, * Do I'Espece,’ 1859, tom.

Gard. Chronicle,” 1854, p. 238.
St On Sheep, p. 18.
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at this early period “some of the best principles of breeding
must have been steadily and long pursued.” It was ordered,
according to Moses, that « Thoy shalt not let thy cattle gender
with a diverse kind 3” but mules were purchased,® so that at this
early period other nations must have crossed the horse and ass,
It is said ® that Erichthonius, some generations before the Trojan
war, had many brood-mares, « which by his care and judgment
in the choice of stallions produced a breed of horses superior
to any in the surrounding countries,” Homer (Book v.) speaks
of Zneas’s horses as bred from mares which were put to the
steeds of Laomedon. Plato, in his ¢ Republic,” says to Glaucus,
“I see that you raise at your house a great many dogs for the
chase. Do you take care about breeding and pairing them ?
Among animals of good blood, are there not always some
which are superior to the rest?” To which Glaucus answers

According to Pliny,» King Pyrrhus had an especially valuable
breed of oxen; and he did not suffer the bulls and cows to
come together till four years old, that the breed might not
degenerate, Virgil, in his Georgics (lib. iii.), gives as strong
advice as any modern agriculturist could do, carefully to select
the breeding stock; “to note the tribe, the lineage, and the
sire; whom to reserve for husband of the herd;”—to brand the
Progeny;—to select sheep of the purest white, and to examine
if their tongues are swarthy.  We have seen that the Romans
kept pedigrees of their pigeons, and this would have been a
senseless proceeding had not great care been taken in breeding
them.  Columella gives detailed instructions about breeding
fowls: “Let the breeding hens therefore be of a choice colour,
“a robust body, square-built, full-breasted, with large heads,
“ with upright and bright-red combs. Those are believed to be
“the best bred which haye five toes.”s According to Tacitus,
the Celts attended to the races of their domestic animals ;

= Volz, *Beitrige zur Kulturge- Iogical Review, May 1864, p, 101.
schichte,’ 1852, 5. 47. ¥ Volz, “ Beitrige,” &., 1852, 5, 80,
» Mittord’s * History of Grocoe; vol % < Hisfory of th World,' ch. 45,

. 73, 7 ¢ Gardener’s Chronicle, 1845, p.

i.p.73.
* Dr. Dally, translated in * Antbropo- 323,
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d Gosar states that they paid high prices to merchants for
fine imported horses® In regard to plants, Virgil speaks of
early 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.”*
~ Coming down the stream of time, we may be brief. At about
beginning of the ninth century Charlemagne expressly
ered his officers to take great care of his stallions; and if
proved bad or old, to forewarn him in good time before they
e put to the mares® Even in a country so little civilised
Treland during the ninth century, it would appear from some
cient verses,” describing a ransom demanded by Cormac, that
als from particular places, or having a particular character,
valued. Thus it is said,—

Two pigs of the pigs of Mac Lir,

A ram and ewe both round and red,

1 brought with me from Aengus.

1 brought with me a stallion and a mare

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

in 930, received as a present from Germany, running-
‘he prohibited the exportation of English horses.
“one hundred chosen stallions from
16th, 1305, the Prince of Wales wrdte

i bagmg for the loan of any

‘passed. laws against the slmghtermg rams
‘before they were seven years old, so that they

1860, p-11.
# Qol. Hamilton Smith, ‘Nat.
Tibrary, vol. xii, Hutls, pp. 135, 140.
4 Michel, ‘ Des Haras,” p. 90.
44 Mr. Balker, * History ofthe Horsey
Veterinary, vol. xiii. p. 423.
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might have time to breed. Tn Spain Cardinal Ximenes issued,
in 1509, regulations on the selection of good rams for breeding.®

The Emperor Akbar Khan beforo the year 1600 is said to
have « wonderfully improved” his pigeons by crossing the

to the breeding of these birds, Belon in 1555 says that good
managers in France esamined the colour of their goslings in
order to get geese of a white colour and better kinds. Markham
in 1631 tells the breeder “to elect the largest and goodliest
conies,” and enters into minute details. Even with respect
to seeds of plants for the flower-garden, Sir J. Hanmer writing
about the year 1660 4 says, in “choosing seed, the best seed is
the most weighty, and is had from the lustiest and most vigor-
ous stems;” and he then gives rules about leaving only a few
flowers on plants for seed; so that even such details were
attended to in our flower-gardens two hundred years ago. In
order to show that selection has been silently carried on in
places where it would not have been expected, I may add that
in the middle of the last century, in a remote part of North
America, Mr. Cooper improved by careful selection all his
vegetables, ““so that they were greatly superior to those of any
“ other person. When his radishes, for instance, are fit for use,
“he takes ten or twelve that he most approves, and .plants
“them at least 100 yards from others that blossom at the same
“time. In the same manner he treats all his other plants,
“ varying the circumstances according to their nature.”

In the great work on China published in the last century by
the Jesuits, and which is chiefly compiled from ancient Chinese
encyclopaedias, it is said that with sheep « improving the breed
© consists in choosing with particular care the lambs which are
“destined for propagation, in nourishing them well, and in
“keeping the flocks separate.” The same principles were
applied by the Chinese to various plants and fruit-trees.®  An

* M. I'Abbé Carlier, in *Journal de 4 ¢ Gardener's Chronicle, 1843, p. 389,
Physique,' vol. xxiv., 1784, p. 181: this 4 Commanicationg 1o Board of Agri-
memor contains much information on culture, quoted in D, Darwin's  Phyto-
tho ancient scloction of sheep; and is Togin,” 1800, p. 451,
my authority for rams not being killed 4 ¢ Mémoiro sur los Chinois,’ 1786,
young in England, fom. xi. p. 55; tom. v. p. 507
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imperial edict recommends the choice of seed 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  field by the Emperor Khang-hi, was saved
and cultivated in his garden, and has since become valuable
from being the only kind which will grow north of the Great
Wall® BEven with flowers, the tree pmony (P. moutan) has
been cultivated ding 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
oceurred to me, from what I had seen of several parts of South
America, where fences do not exist, and where the animals are
of little value, that there would be absolutely no carein breeding
or selecting them; and this to a large extent is true. Roulin,
however, describes in Colombia a naked race of cattle, which are
ot allowed to increase, on account of their delicate constitution.
According to Azara ® horses are often born in Paraguay with curly
hair; but, as the natives do not 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
Tair; and the extraordinary niata cattle first appeared and have
since been kept distinct 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 some-
timesintroduce cattle on their estates to prevent the evil effects of
close interbreeding. On the other hand, Thave heard on reliable
authority that the Gauchos of the Pampas never take any pains in
selecting the best bulls or stallions for breeding ; and this probably
accounts for the cattle and horses being remarkably uniform in
character throughoutthe immense range of the Argentine republic.

Looking to the Old World, in the Sahara Desert « The
«Touareg is as careful in the selection of his breeding Mahari

49 ¢Recherches sur IAgriculture des  vol. xii. p. 258.

Chinois, par L. D'Hervey-Saint-Denys,  * *Mém. do 'Acad” (divers savans),

1850, p. 229, With respect to Khang-hi, tom. vi,, 1835, p. 833.

see Huc's * Chinese Empire,' p. 311 5 ¢Des Quadrupedes du Paraguay,’
» in *Linn. Transact, 1801, tom. ii. p. 333, 371
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“ (a fine race of the dromedary) as the Arab is in that of hig
“horse. The pedigrees are handed down, and many a dromedary
“ can boast a genealogy far longer than the descendants of the
“Darley Arabian.” % According to Pallas the Mongolians
endeavour to breed the Yaks or horse-tailed buffaloes with
white tails, for these are sold to the 'Chinese mandarins as fly-
flappers; and Mooreroft, about seventy years after Pallas, found

Mr. Yarrell) with the wild Ppolecat, “to give them more devil.”
According to Varro, the wild ass wag formerly caught and

crossed with the tame animal to improve the breed, in the

dogs being uniformly coloured. In Guiana, as Sir R. Schom-
burgk informs me,* the dogs of the Turuma Indians are highly
valued and extensively bartered : the price of a good one is the
same as that given for a wife : they are kept in a sort of cage,
and the Indians “ take great care when the female is in season
to prevent her uniting with a dog of an inferior description.”
The Indians told Sir Robert that, if a dog proved bad or useless,

. tho Great Sahara; by tho Rev.  Ficld,’ 1850, P. 196: for Varro, se
H. B. Tristram, 1860, p, 955, Pallas, ut supra,

o Fullas, Act. Acad. St Petonsburg,’ Ermaas  Dravels in Siberia,’ Eng.
1777, p. 249; Mooreroft and Trebeok, tranlat. vol. 1, P. 458,
Jraels in the Himalayan Provinces, 37 Seg alay - Toumecs of R. Geograph,
1841, Soe. vol. xiil. parti. p, 63,

* Quoted from Raflcs,in the * Indian
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was not killed, but was left to die from sheer neglect.

dly any nation is more barbarous than the Fuegians, but T
hear from Mr. Bridges, the Catechist to the Mission, that,
« when these savages have a large, strong, and active bitch, they
« take caro to put her to a fine dog, and even take care to feed
& her well, that her young may be strong and well favoured.”

In the interior of Africa, negroes, who have not associated
with white men, show great anxiety to improve their animals:
they “always choose the larger and stronger males for stock:”
the Malakolo were much pleased at Livingstone’s promise to
send them a bull, and some Bakalolo carried a live cock all the
way from Loanda into the interior®® Further south on the
same continent, Andersson states that he has known a Damara
give two fine oxen for a dog which struck his fancy. The
Damaras take great delight in having whole droves of cattle of
the same colour, and they prize their oxen in proportion to the
size of their homs. “The Namaquas have a perfect mania for
« g 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 informs me that the natives

quently 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 subjugated
by the Spaniards® The Incas annually held great hunts, when
all the wild animals were driven from an immense circuit to a
central point. The beasts of prey were first destroyed as inju-
rious. The wild Guanacos and Vicunas were sheared; the old
males and females killed, and the others set at liberty. The
various kinds of deer were examined ; the old males and females

s Livingstone's “First Travels, pp. @ Andersson’s “Travels in South
191, 439, 565 see also * Expedition to  Africa,’ pp. 252, 318, 819,
tho’ Zambesi, 1865, p. 495, for an % Dr. Vavasscur, in ‘Bull. de In
:nlag:lu caso respecting a good breed  Soe. d'Acclimat.,” tom. viil,, 1861, p.

goat
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were likewise killed ; “but the young females, with a certain
number of males, selected from the most beautiful and strong,”
were given their freedom. Here, then, we have selection by
man aiding natural selection, So that the Incas followed
exactly the reverse system of that which our Seottish sportsmen
are accused of following, namely, of steadily killing the finest
stags, thus causing the whole race to degenerate.”  Tn regard
to the domesticated llamas and alpacas, they were separated
in the time of the Incas according to colour; and if by chance
one in a flock was born of the wrong colour, it was eventually
put into another flock.

In the genus Auchenia there are four forms,—the Guanaco and
Vicuna, found wild and undoubtedly distinet species ; the Llama
and Alpaca, known only in a domesticated condition, These
four animals appear so different, that most professed naturalists,
especially those who have studied these animals in their native
country, maintain that they are specifically distinet, notwith-
standing that no one pretends to have seen a wild llama or
alpaca. Mr. Ledger, however, who has closely studied these
animals both in Peru and during their exportation to Australia,
and who has made many experiments on their Propagation,
adduces arguments® which seem to me conclusive, that the
llama is the domesticated descendant of the guanaco, and the

Tt appeared to me at one time probable that, though ancient
and semi-civilised people might have attended to the improve-
ment of their more useful animals in essential points, yet that
they would have disregarded unimp h . But
human nature is the same throughout the world : fashion every-
where reigns supreme, and man is apt to value whatever he
may chance to possess. We have seen that in South America

shortened faces and upturned nostrils, have been preserved,
The Damaras of South Africa value their cattle for uniformity

2 “The Natural History of Deo Side,” 1855, p. 476,
 “Bull. de la Soc. d'Acclimat.,” tom. vi,, 1860, p. 457,
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of colour and enormously long horns. The Mongolians value
fineir yaks for their white tails. And I shall now show that
there is hardly any peculiarity in our most useful animals
which, from fashion, superstition, or some other motive, has not
been valued, and consequently preserved. With respect to cattle,
“an early record,” according to Youatt,” speaks of a hundred
« white cows with red ears being demanded as a compensation
« by the princes of North and South Wales. If the cattle were
« of a dark or black colour, 150 were to be presented.” So that
colour was attended to in Wales before its subjugation by
England. Tn Central Africa, an ox that beats the ground with
its tail is killed; and in South Africa some of the Damaras will
not eat the flesh of a spotted ox. The Kaffirs value an animal
with 2 musical voice; and “at a sale in British Kaffraria the
«low of a heifer excited so much admiration that a sharp com-
« petition sprung up for her possession, and she realised a
“ considerable price.”® With respect to sheep, the Chinese
profer rams without homs; the Tartars prefer them with
spitally wound. horns, because the homless are thought to loso
courage.” Some of the Damaras will not eat the flesh of horn-
less sheep. In regard to horses, at the end of the fifteenth
century animals of the colour 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-coloured hunting dogs were not esteemed.” "

Turning to poultry, the old Roman gourmands thought that
the liver of a white goose was the most savoury. In Paraguay
‘black-skinned fowls are kept because they are thought to be
more productive, and their flesh the most proper for invalids.*
In Guiana, as I am informed by Sir R. Schomburgk, the
aborigines will not eat the flesh or eggs of the fowl, but two

@ «Cattle,’ p. 48. Jesuits), 1786, tom. xi. p. 57.

" ® Livingstone’s Travels, p. 5765  ® F. Michel, ‘Des Haras,’ pp.47, 50.
Andersson, ‘ Lake Ngami, 1856,p.922. @ Col. Hamilton Smith, Dogs, in
With respeet to the sle in Kafiraria, *Nat.Lib,’ vol. x. p. 103.
see * Quarterly Review, 1860, p. 139. © Azara, ‘ Quadrupides du Paraguay,’
 “Mémoire sur les Chinois’ (by the tom. ii. p. 324
VOL. II. ®
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Taces are kept distinct merely for ornament. In the Philippines,
10 less than nine sub-varieties of the game cock are kept and
named, so that they must be separately bred.

At the present time in Europe, the smallest peculiarities are
carefully attended to in our most useful animals, either from
fashion, or as a mark of purity of blood.  Many examples could
be given, two will suffice. “In the Western counties of England
& the prejudice against a white pig is nearly as strong us against
“a black one in Yorkshire.” In one of the Berkshire sub-breeds,
it is said, “the white should be confined to four white feet,
“a white spot between the eyes, and a few white hairs behind
“each shoulder.” Mr. Saddler Ppossessed “three hundred pigs,
“ every one of which was marked in this manner.” ® Marshall,
towards the close of the last century, in speaking of a change
in one of the Yorkshire breeds of cattle, says the horns have
been considerably modified, as “a clean, small, sharp horn has
been fushimable for the last twenty years.”™ In a part of
Germany the cattle of the Race de Gfochl are valued for many
good qualities, but they must have horns of a particular curva-
ture and tint, so much so that mechanical means are applied if
they take a wrong direction ; but the inhabitants “consider it
“of the highest importance that the nostrils of the bull should
“be flesh-coloured, and the eyelashes light; this is an indis-
“pensable condition. A calf with blue nostrils would not be
“ purchased, or purchased at a very low price.”™ Therefore let
1o man say that any point or character is too trifling to be
methodically attended to and selected by breeders.

Unconscious Selection—By this term I mean, as already more
than once explained, the preservation by man of the most valued,
and the destruction of the least valued individuals, without
any conscious intention on his part of altering the breed. Tt is
difficult to offer direct proofs of the results which follow from
this kind of selection; but the indirect evidence is abundant.
In fact, except that in the one case man acts intentionally, and
in the other uni ionally, there is little diffe between

% Sidney's edit. of Youatt, 1860, pp. 24, 25.
7 ‘Rural Economy of Yorkshirs vol. ii, p. 152,
™ Moll et.Gayot, ‘ Du Baeuf,' 1860, p. 547.
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methodical and unconscious selection. In both cases man pre-
serves the animals which are most useful or pleasing to him,
and destroys or neglects the others. But no doubt a far more
rapid result follows from hodical than from i
selection. The “roguing” of plants by gardeners, and the
destruction by law in Henry VIIL’s reign of all under-sized
‘mares, are instances of a process the reverse of selection in the
ordinary sense of the word, but leading to the same general
result. The influence of the destruction of individuals having
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
those who have closely studied the subject of the consription;
and it is certain that since Napoleon’s time the standard for
the army has been lowered two or three times.

Unconscious selection so blends into methodical that it is
scarcely possible to separate them. When a fancier long ago
first happened to notice a pigeon with an unusually short beak,
or one with the tail-feathers unusually developed, although
he bred from these birds with the distinct intention of propa-
gating the variety, yet he could not have intended to make a
short-faced tumbler or a fantail, and was far from knowing that
he had made the first step towards this end. If he could have
seen the final result, he would have been struck with astonish-
ment, but, from what we know of the habits of fanciers, probably
‘not with admiration. Our English carriers, barbs, and short-
faced tumblers have been greatly modified in the same manner,
as we may infer both from the historical evidence given in
the chapters on the Pigeon, and from the comparison of birds
brought from distant countries.

So it has been with dogs; our present fox-hounds differ from
the old English hound; our greyhounds have become lighter;
the wolf-dog, which belonged to the greyhound class, has become
extinct; the Scotch deer-hound has been modified, and is now
rare. Our bulldogs differ from those which were formerly used
for baiting bulls. Our pointers and Newfoundlands do not

P2
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closely resemble any native dog now found in the countries
whence they were brought. These changes have been effected
partly by crosses; but in every case the result has been
governed by the strictest selection. Nevertheless there is no
reason to suppose that man intentionally and methodically
made the breeds exactly what they now are. As our horses
became fleeter, and the country more cultivated and smoother,
flecter fox-hounds were desired and produced, but probably
without any one distinctly foresceing what they would becomo,
Our pointers and setters, the latter almost certainly descended
from largo spaniels, have been greatly modified in accordance
with fashion and the desire for increased speed. Wolves have
become extinct, 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 circumstances changed, men unconsciously
and slowly modified their course of selection.

With race-horses selection for swiftness has been followed
methodically, and our horses can now easily beat their pro-
genitors. The increased size and different appearance of the
English race-horse led a good observer in India to ask, « Could
any one in this year of 1856, looking at our race-horses,
conceive that they were the result of the umion of the Arab
horse and the African mare?”* This change has, it is probable,
been largely effected through unconscious selection, that is, by
the general wish to breed as fine horses as possible in each
generation, combined vith 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 Eastern stallions speedily affected the
English breed; “so that Lord Harleigh, one of the old school,
complained that the great horse was fast disappearing.” 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

™ *The Iudia Sporting Roview," voL. . p. 181; *The Stud Farm,' by Cectl, p. 58,

7 *The Horse,’ p. 22,
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lost. ' Notwithstanding that the climate of England has never

esteemed particularly favourable to the horse, yet long-
continued selection, both methodical and unconscious, together
with that practised by the Arabs during a still longer and earlier
period, has ended in giving us the best breed of horses in the world.
Macaulay™ remarks, “Two men whose authority on such
“ subjects was held in great esteem, the Duke of Newcastle and
_“8ir John Fenwick, pronounced that the meanest hack ever
«imported from Tangier would produce a finer progeny than
“could be expected from the best sire of our native breed.
“They would not readily have believed that a time would
“come when the princes and nobles of neighbouring lands
“would be as eager to obtain horses from England as ever the
“ English had been to obtain horses from Barbary.”

The London dray-horse, which differs so much in appearance
from any natural species, and which from its size has so
astonished many Fastern princes, was probably formed by the
heaviest and most powerful animals having been selected
during many generations in Flanders and England, but without
the least intention or expectation of creating a_horse such as
we now see. If we go back to an early period of history, we
behold in the antique Greek statues, as Schaaffhausen has
remarked,” a horse equally unlike a race or dray horse, and dif-
fering from any existing breed.

The results of unconscious selection, in an early stage, are
well shown in the difference between the flocks descended from
the same stock, but separately reared by careful breeders.
Youatt gives an excellent instance of this fact in the sheep
belonging to Messrs. Buckley and Burgess, which “have been
« purely bred from the original stock of Mr. Bakewell for
“upwards of fifty 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 ome instance
“from the pure blood of Mr. Bakewell's flock; yet the differ-
“ence between the sheep possessed by these two gentlemen
“is so great, that they have the appearance of being quite
« different varieties.”™ I have seen several analogous and well-

7 <History of England,” vol. i. p. 816.
7 «Ueber Bestiindigkeit der Arten.’ 7 Youatt on Sheep, p. 315.
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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 two
families plainly differed from each other, Nathusiuvs—and a
more competent witness could not be cited—observes that,
though the Shorthorns are remarkably uniform in appearance
(except in colouring), yet that the individual character and
wishes of each breeder become impressed on his cattle, so that
different herds differ slightly from each other.™ The Hereford
cattle assumed their present well-marked character soon after
the year 1769, through careful selection by Mr. Tomkins,™ and
the breed has lately split into two strains—one strain having
a white face, and differing slightly, it is said® in some other
points; but there is no reason to believe that this split, the
origin of which is unknown, was intentionally made; it may with
much more probability be attributed to different breeders having
attended to different points. So again, the Berkshire breed of
swine in the year 1810 had greatly changed from what it had
been in 1780; and since 1810 at least two distinet sub-breeds
have bome this same name® When we bear in mind how
rapidly all animals increase, and that some 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 shall be killed, it is almost inevitable
that his individual frame of mind will influence the character
of his stock, without his having had any intention to modify
the breed or form a new strain,

Unconscious selection in the strictest sense of the word, that
i, tho saving of the more useful animals and the negloct or
slaughter of the less useful, without any thought of the future,
must have gone on occasionally from the remotest period and
amongst the most barbarous nations. Savages often suffer from
famines, and are sometimes expelled by war from their own
homes. In such cases it can hardly be doubted that they
would save their most useful animals. When the TFuegians

77 ‘Usber Shorthom Rindvich, 1857, ™ *Quarterly Review,’ 1849, p. 892,
8 51 k ® H. von Nathusius, Vorstudien
™ Lo, ‘Domesticated Animals’ . . ., Schweineschadel,’ 1864, s, 140,

1845, p. 363,
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z:e hard pressed by want, they kill their old women for food
ther than their dogs; for, as we were assured, “ old women no
use—dogs catch otters.” The same sound sense would surely
lead them fo preserve their more useful dogs when still harder
pressed by famine. Mr. Oldfield, who has seen so much of the
aborigines of Australia, informs me that «they are all very
glad to get a 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 otters ;
and the occasional preservation in the two countries of the most
useful animals would ultimately lead to the formation of two
widely distinct breeds.

With plants, from the earliest dawn of civilisation, the best
variety which at each period was known would generally have
been i d and its seeds ionally sown ; so that there
will have been some selection from an extremely remote
period, but without any prefixed standard of excellence or
thought of the future. We at the present day profit by a course
of selection occasionally and unconsciously carried on during
thousands of years. This is proved in an interesting manner
by Oswald Heer's researches on the lake-inhabitants of Switzer-
land, as given in a former chapter; for he shows that the grain
and seed of our present varieties of wheat, barley, oats, peas,
beans, lentils, and poppy, exceed in size those which were culti-
vated 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 seen on an ancient mosaic at Rome a representation of

1 Ses also Dr. Christ, in  Riitimeyer’s Pfahlbauten,’ 1861, 5. 226.
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the melon ; and as the Romans, who were such gourmands, are
silent on this fruit, he infers that the melon has been greatly
ameliorated since the classical period.

Coming to later times, Buffon,” on comparing the flowers,
fruit, and vegetables which were then cultivated, with some
excellent drawings made a hundred and fifty years previously,
was struck with surprise at the great improvement which had
been effected; and remarks that these ancient flowers and
vegotables 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 figured in books
published not long since, is astonished at the change. A well-
known amateur,® in speaking of the varieties of Pelargonium
raised by Mr. Garth only twenty-two years before, remarks,
“what a rage they excited: surely we had attained perfection,
“it was said; and now not one of the flowers of those days
“will be looked at. But none the less is the debt of gratitude
“which we owe to those who saw what was to be done, and did
“it.” Mr. Paul, the well-known horticulturist, in writing of the
same flower,* says he remembers when young being delighted
with the portraits in Sweet’s work ; « but what are they in point
of beauty compared with the Pelargoniums of this day? 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 horticulturist appreciates and illustrates
the gradual and accumulative force of selection! The Dahlia
has advanced in beauty in a like manner; the line of improve-
ment being guided by fashion, and by the successive modifica-
tions which the flower slowly underwent.® A steady and gradual
change has been noticed in many other flowers: thus an old
florist,* after describing the leading varieties of the Pink which
were grown in 1818, adds, “ the pinks of those days would now

“be scarcely grown as border-l .” The impy of
® The passage is given ‘Bull. Soo. % Seo Mr. Wildman's address fo tho
@Acolimat., 1838, p. 11. Floricult. Soc., in ‘Gardener’s Chro-

# Journal of Hortioulture, 186, p.  nicle,’ 1843, p. 86,
394,  “Journal of Horticulture,’ Oct.
* *Gardener's Chronicle,' 1857, p. 85.  24th, 1865, p. 239,
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:;é)mny flowers and the number of the varieties which have
n raised is all the more striking when we hear that the
earliest known flower-garden in Europe, namely at Padua, dates
only from the year 15455

Tffects of Selection, as shown by the parts most, valued by man
presenting the greatest amount of D erence—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 distinet
species, which are valued for different parts, such as for the
Jeaves, or stems, or tubers, the seed, or fruit, or flowers. What-
ever part man values most, that part will be found to present the
greatest amount of difference. With trees cultivated for their
fruit, Sageret remarks that the fruit is larger than in the parent-
species, whilst with those cultivated for the seed, as with nuts,
walnuts, almonds, chesnuts, &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 seed in the other, having been carefully attended to
and selected during many ages. Gallesio has made the same
observation. Godron insists on the diversity of the tuber in
~ the potato, of the bulb in the onion, and of the fruit in the
melon; and on the close similarity in these same plants of
the other parts.*®

Tn order to judge how far my own impression on this subject
was correct, I cultivated numerous varieties of the same species
close to each other. The comparison of the amount of dif
ference between widely different organs is necessarily vague;
I will therefore give the results in only a few cases. We have
previously seen in the ninth chapter how greatly the varieties
of the cabbage differ in their foliage and stems, which are the
selected parts, and how closely they resemble each other in their
flowers, capsules, and seeds. In seven varieties of the radish,
the moots differed greatly in colour and shape, but no difference

& Presootf’s ‘Hist. of Mexico, vol. 63, 67, 70. Inmy tenth and cleventh
ii.p. 61 chaptérs T have given details on the

£ +, “Pomologie Physiolo- potato; and I can confinn similar re-
gique,” 1830, p. 47; Gallesio, *Teoria  marks with respect to tho onion. Thve
della Riproduzione, 1816, p. 88; also shown how far Naudin concurs
‘Godron, Do IEspece, 1859, tom.ii.pp. . in regard to the varieties of the melon.
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whatever could be detected in their foliage, flowers, or seeds.
Now what a contrast is presented, if we compare the flowers of
the varieties of these two plants with those of any species culti-
vated in our flower-gardens for ornament; or if we compare
their seeds with those of the varieties of maize, peas, beans, &c.,
which are valued and cultivated for their seeds. In the ninth
chapter it was shown that the varieties of the pea differ but
litrle 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 more in their pods, and these are eaten and valued.
I cultivated twelve varieties of the common bean; one alone,
the Dwarf Fan, differed considerably in general appearance;
two differed in the colour of their flowers, one being an albino,
and the other being wholly instead of partially purple ; several
differed considerably in the shape and size of the pod, but far
more in the bean itself, and this is the valued and selected part.
Toker’s bean, for instance, is twice-and-a-half as long and broad
as the horse-bean, and is much thinner and of a different shape.

The 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; whilss
every one knows how greatly the fruit—that is, the enlarged
receptacle—differs in tho several varieties. In apples, pears,
and peaches the flowers and leaves differ considerably, but mot,
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 the flower
than in froit. If, as is highly probable, the peach is the modi-
fied descendant of the almond, a surprising amount of change
has been effected in the same species, in the fleshy covering of
the former and in the kernels of the latter.

When parts stand in such close relation to each other as the
fleshy covering of the fruit (whatever its homological nature may
be) and the seed, when one part is modified, so generally is the
other, but by no means necessarily in the same degree. With




Cuar, XX, SELECTION. 219

the plum-tree, for instance, some varieties produce plums which
are nearly alike, but include stones extremely dissimilar in
shape; whilst conversely other varieties produce dissimilar fruit
with barely distinguishable stones ; and generally the stones,
though they have never been subjected to selection, differ greatly
in the several varieties of the plum. In other cases organs
which are not manifestly related, throngh some unknown bond
vary together, and are consequently liable, without any inten-
tion on man’s part, to be si Iy acted on by selection
Thus the varieties of the stock (Matthiola) have been selected
solely for the beauty of their flowers, but the seeds differ
greatly in colour and somewhat in size. Varieties of the
Jettuce have been selected solely on account of their leaves,
yet produce seeds which likewise differ in colour. Generally,
through the law of correlation, when a varicty differs greatly
from its fell ieties in any one ch it differs to a
certain extent in several other characters. 1 observed this fact
when T cultivated together many varieties of the same species,
for 1 used first to make a list of the varieties which differed
most from each other in their foliage and manner of growth,
afterwards of those that differed most in their flowers, then in
their seed-capsules, and lastly in their mature seed; and I found
fhat the same names generally 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
1 could judge, by that part or organ for which the plant was
cultivated.

When we bear in mind that each plant was at first cultivated
because useful to man, and that its variation was a subsequent,
often a long subsequent, event, we cannot explain the greater
amount of diversity in the valuable parts by supposing that
species endowed with an especial tendency to vary in any
particular manner, were originally chosen. We must attribute
the result to the variations in these parts having been succes-
sively pr d, and thus inually aug d ; whilst other
variations, excepting such as inevitably appeared through corre-
lation, were neglected and lost. Hence we may infer that most
plants might be made, through long-continued selection, to
yield races as different from each other in any character
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as they now are in those parts for which they are valued and
cultivated.

‘With animals we see something of the same kind; but they
have not been domesticated in sufficient number or yielded
sufficient varieties for a fair comparison. Sheep are valued for
their wool, and the wool differs much more in the several races
than the hair in cattle. Neither sheep, goats, European cattle,
nor pigs are valued for their 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 dro-
medary and heavy camel; with the latter the greyhound and
mastiff. But dogs are valued even in a higher degree for their
mental qualities and senses; and every one knows how greatly
the races differ in these respects. On the other hand, where the
dog is valued 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 T should find it very difficult to pers\mde myse]f
“that this ishing figure was an accid
“ degeneration.”® But had Blumenbach reflected on the grent
principle of selection, he would not have used the term degene-
ration, and he would not have been astonished that dogs: and
other animals should become excellently adapted for the service
of man.

On the whole we may conclude that whatever pm or cha-
racter is most valued—whether the leaves, stems, tubers, bulbs,
flowers, fruit, or seed of plants, or the size, strength, fleetness,
hairy covering, or intellect of animals—that character will almost
invariably be found to present the greatest amount of difference
both in kind and degree. And this result may be safely attributed
to man having preserved during a long course of generations the
variations which were useful to him, and neglected the others.

I will conclude this chapter by some remarks on an im-
portant subject. With animals such as the giraffe, of which

# Godron, ‘De I'Espece,’ tom. i,
% +The Anthropological Treatiscs of Blumenbwh 1865, p. 292,
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the whole structure is admirably co-ordinated for certain pur-
poses, it has boen supposed that all the parts must have been
simultaneously modified; and it has been argued that, on the
principle of natural selection, this is scarcely possible. But fn
thus arguing, it has been tacitly assumed that the variations must
have been abrupt and great. No doubt, if the neck of aruminant
wero suddenly to become greatly elongated, tho fore limbs and
back would have to be simultaneously strengthened and modified ;
but it cannot be denied that an animal might have its neck, or
head, or tongue, or fore-limbs elongated a very little without
any corresponding modification in other parts of the body and
animals thus slightly modified would, during a dearth, have a
slight advantage, and be enabled to browse on higher twigs, and
thus survive. A few mouthfuls more or less every day would
make all the difference between life and death. By the repeti-
tion of the same process, and by the occasional intercrossing
of the survivors, there would be some progress, slow and flue-
‘tmating though it would be, towards tho admirably co-ordinated
atructuro of the giraffe, 1f the short-faced tumbler-pigeon, with
jts small conical bealk, globular head, rounded body, short wings,
and small feet—characters which appear all in harmony—bad
been a natural species, its whole structure would have been
viewed as well fitted for its life ; but in this case we know that
inexperienced breeders are urged to attend to point after point,
and not to attempt improving the whole structure at the same
time. Lok at the greyhound, that perfect image of grace,
symmetry, and vigour; no natural species can boast of a more
admirably co-ordinated structure, with its tapering head, slim
body, deep chest, tucked-up abdomen, rat-like tail, and long
muscular limbs, all adapted for extreme fleetness, and for
running down weak prey. Now, from what we see of the
variability of animals, and from what we know of the method
which different men follow in improving their stock—some chiefly
attending to one point, others to another point, others again
correcting defects by crosses, and so forth—we may feel assured
that if we could see the long line of ancestors of a first-rate
greyhound, up to its wild wolF-like progenitor, o should behold
an infinite number of the finest gradations, sometimes in one
character and sometimes in another, but all leading towards our
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present perfect type. By small and doubtful steps such as these,
nature, as we may fidently believe, has d 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 improbability of the same kind and degree
“gs that of producing a poem or a math 1 demonstration
“by throwing letters at random on a table” If the cye were
abruptly and greatly modified, no doubt many parts would have
to be simultaneously altered, in order that the organ should
remain serviceable.

But is this the case with smaller changes? There are
persons who can see distinctly only in a dull light, and this
condition depends, I believe, on the abnormal sensitiveness of
the retina, and is known to be inherited. Now, if a bird, for
instance, received some great advantage from seeing well in
the twilight, all the individuals with the most sensitive retina
would succeed best and be the most likely to survive; and why
should not all those which happened to have the eye itself a
little larger, or the pupil capable of greater dilatation, be likewiso
preserved, whether or not these modifications were strictly simul-
taneous? These individuals would subsequently intercross and
blend their respective advantages. By such slight successive
changes, the eye of a diurnal bird would be brought into the
condition of that of an owl, which has often been advanced as
an excellent instance of adaptation. Short-sight, which is often
inherited, permits a person to 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 serviceablo under cer-
tain conditions, abruptly gained. The Fuegians on board the

1 Mr. J. J. Murphy in his opening given by the Rev. C. Pritchard, Pres,
address to the Belfust Nat. Hist. Soc,, Royal Astronomical Soc., in his sermon
as given in the Belfast Northern Whig,  (Appendix, p. 33) preached beforo the
Nov. 19, 1866, Mr. Murphy hero fol-  British Association at Nottingham,
lows the line of argument against my 1866,
views previously and more cautiously




Caap, XX, SELECTION. 223

Beagle could certainly see distant objects more distinctly than
our sailors with all their long practice; I do not know whether
this depends on nervous sensitiveness or on the power of
.dJnstment in the focus; but this capacity for distant vision
~ might, it is probable, be slightly augmented by successive modi-
~ fications of either kind. Amphlb;oux 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 front of
*the crystalline and over a space equal to the diameter of that
“Jens, whilst the lateral portions may be much curved.” The
erystalline is very nearly a sphere, and the humours have nearly
the same density as water. Now, as a terrestrial animal slowly
became more and more aquatic in its habits, very slight changes,
first in the curvature of the cornea or crystalline, and then in
- the density of the humours, or conversely, might successively
occur, and would be advantageous to the animal whilst under
‘water, without serious detriment to its power of vision in the air.
It is of course impossible to conjecture by what steps the fun-
~damental structure of the eye in the Vertebrata was originally
acquired, for we know absolutely nothing about this organ in
the first progenitors of the class. With respect to the lowest
‘animals in the scale, the transitional states through which the
eye at first probably passed, can by the aid of analogy be indi-
cated, as T have attempted to show in my ‘Origin of Species.’ *

B P e i ranaiaied in < Anals ond Mg, of
mmﬁmmnw % Fourth edition, 1866, p. 215.
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CHAPTER XXIL

SELECTION, continued,

NATURAL SELECTION AS AFFECTING DOMBSTIC PRODUCTIONS — CHARACTERS WHICH
APPEAR OF TRIFLING VALUE OFTEN OF REAL IMPORTANCE — CIRCUMSTANCES
FAVOURABLE TO SELECTION BY MAN — FACILITY IN PREVENTING CROSSES, AND

HAVE ORIGINATED — SUMMARY.

Natural Selection, or the Survival of the Fittest, as affecting
domestic productions.—WE know little on this head. But as
animals kept by savages have to provide their own food,
cither entirely or to a large extent, throughout the year, it
can hardly be doubted that, in different countries, varieties dif-
fering in itution and in various ch would succeed
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. It is obvious that
varieties, having very different habits, constitution, and struc-
ture, would succeed best on mountains and -on rich lowland
pastures. For example, the improved Leicester sheep were
formerly taken to the Lammermuir Hills; but an intelligent
sheep-master reported that “our coarse lean pastures were
“unequal to the task of supporting such heavy-bodied sheep ;
“and they gradually dwindled away into less and less bulk:
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“each generation was inferior to the preceding one; and when
“the. spring was severe, seldlom 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 con-
fident air, its long, yet firm neck, compact body, powerful and
closely pressed wings, muscular thighs, strong beak massive at
the base, dense and sharp spurs set low on the legs for
delivering the fatal blow, and its compact, glossy, and mail-like
plumage serving as a defence. Now the English game-cock has
not only been improved during many years by man’s careful
selection, but in addition, as Mr. Tegetmeier has remarked,’ by
a kind of natural selection, for the strongest, most active and
courageous birds have stricken down their antagonists in the
cockpit, ion after ion, and have subsequently
served as the pmgemtors of their kind.

In Great Britain, in former times, almost every district had
its own breed of cattle and sheep; “they were indigenous to
“ the soil, climate, and pasturage of the locality on which they
« grazed : they seemed to have been formed for it and by it.”*
But in this case we are quite unable to disentangle the effects
of the direct action of the conditions of life,—of use or habit—of
natural selection—and of that kind of selection which we have
seen is occasionally and unconsciously followed by man even
during the rudest periods of history.

Let us now look to the action of natural selection on special
characters.  Although nature is difficult to resist, yet man often
strives against her power, and sometimes, as we shall see, with

! Quoted by Youatt on Sheep, p. fages, in ‘Bull. Soc. Acclimat,’ tom.
m See also Yountt on Cattle, pp. 62,  viii, 1861, p. 811.
3¢ The Poultry Book,” 1866, p. 123,
“ xo. Lherbette and Do Quatre-  * Youatt on Sheep, p. 312.
VOL. IL Q
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success. From the facts to be given, it will also be seen that
natural selection would powerfully affect many of our domestic
productions if left unprotected. This is a point of much
interest, for we thus learn that differences apparently of very -
slight, importance would certainly determine the survival of
a form when forced to struggle for its own existence. It may
have occurred to some naturalists, as it formerly did to me,
that, though selection acting under natural conditions would

ine the structure of all imp organs, yet that it
could not affect characters which are esteemed by us of little
importance; but this is an error to which we are eminently
liable, from our ignorance of what characters are of real value to
each living creature.

‘When man attempts to breed an animal with some serious
defect in structure, or in the mutual relation of parts, he will
cither partially or completely fail, or encounter much difficulty ;
and this is in fact a form of natural selection. We have
seen that the attempt was once made in Yorkshire to breed
cattle with enormous buttocks, but the cows perished so often
in bringing forth their calves, that the attempt had to be given
up. In rearing short-faced tumblers, Mr. Eaton says,® “1 am
« convinced that better head and beak birds have perished in
« the shell than ever were hatched; the reason being that the
« amazingly short-faced bird cannot reach and break the shell
« with its beak, and so perishes.” Here is a more curious case,
in which natural selection comes into play only at long intervals
of time: during ordinary seasons the Niata cattle can graze as
well as others, but occasionally, as from 1827 to 1830, the plains
of La Plata suffer from long-continued droughts and the pasture
is burnt up; at such times common cattle and horses perish by
the thousand, but many survive by browsing on twigs, reeds, &c.;
this the Niata cattle cannot so well effect from their upturned
jaws and the shape of their lips; consequently, if not attended
to, they perish before the other cattle. In Colombia, accord-
ing to Roulin, there is a breed of nearly hairless cattle, called
Pelones ; these succeed in their native hot district, but are found
too tender for the Cordillera; in this case, natural selection

& *Treatise on the Almond Tumbler,” 1851, p. 33.
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“determines only the range of the variety. It is obvious that a
‘host of artificial races could never survive in a state of nature A
—such as Italian greyhounds,—hairless and almost toothless
Turkish dogs,—fantail pigeons, which cannot fly well against a
strong wind,—barbs with their vision impeded by their eye-
wattle—Polish fowls with their vision impeded by their great
topknots,—hornless bulls and rams which consequently cannot
cope with other males, and thus have a poor chance of leaving
offspring,—seedless plants, and many other such cases.

Colour is generally est d by the Jist as
unimportant: let us, therefore, see how l‘m‘ it indirectly affects
our domestic productions, and how far it would affect them if
they were left exposed to the full force of natural selection. In
a future chapter I shall have to show that constitutional pecu-
liarities of the strangest kind, entailing liability to the action
of certain poisons, are correlated with the colour of the skin,
1 will here give a single case, on the high authority of Profossor
Wyman; he informs me that, being surprised at all the pigs in
a part of Virginia being black, he made inquiries, and ascer-
tained that these animals feed on the roots of the Lacknanthes
tinctoria, which colours their bones pink, and, excepting in the
case of the black varieties, causes the hoofs to drop off. Hence,
as one of the squatters remarked, “we select the black members
of the litter for raising, as they alone have a good chance of
living.” So that here we have artificial and natural selection
working hand in hand. T may add that in the Tarentino the
inhabitants keep black sheep alone, because the Hypericum
erispum abounds there; and this plant does not injure black
sheep, but kills the white ones in about a fortnight’s time.®
Complexion, and liability to certain diseases, are believed
to run together in man and the lower animals. Thus white
“terriers suffer more than terriers of any other colour from the
fatal Distemper” In North America plum-trees are liable
to a disease which Downing® believes is not caused by insects ;
the kinds bearing purple fruit are most affected, “and we have
“never known the green or yellow fruited varieties infected

Dr. Heusinger, * Wochenschrift fir 8 “The Fruit-trees of America,” 1845,
dio Heilkunde,” Berlin, 1846, 5.279.  p. 270: for peaches, p. 466.

7 Youatt on the Dog, p. 232.
Q2
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« until the other sorts had first become filled with the knots.”
On the other hand, peaches in North America suffer much
from a disease called the yellows, which seems to be peculiar
to that continent, and “ more than nine-tenths of the victims,
“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 Mauritius,
the white sugar-canes have of late years been so severely
attacked by a disease, that many planters have been compelled
to give up growing this variety (although fresh plants 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 connected with
colour. It appears that white chickens are certainly more sub-
ject than dark-coloured chickens to the gapes, which is caused
by a parasitic worm in the trachea.® On the other hand,
experience has shown that in France the caterpillars which
produce white cocoons resist the deadly fungus better than
those producing yellow cocoons."!  Analogous facts have been
observed with plants: a new and 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-disease, the green sorts suffered most; “and red and black
grapes, even when interwoven with the sick plants, suffered not
at all.” In France whole groups of varieties were compara-
tively free, and others, such as the Chasselas, did not afford a
single fortunate exception; but I do not know whether any
correlation between colour and liability to disease was here
observed. In a former chapter it was shown how curiously
liable one variety of the strawberry is to mildew.

9 ‘Proc. Royal Soc. of Arts and 12 *Gardener’s Chronicle, 1851, p. 595.
Sciences of Mauritius,’ 1852, p. exxxv. 1 ¢ Journal of Horticulture,’ 1862, p.

10 ¢ Gardener’s Chronicle, 1856, p. 379, 476,

1 Quatrefages, *Maladies Actuelles M *Gardener’s Chronicle; 1852, pp.
du Ver b Soie;’ 1859, pp. 12, 214, 435, 691.
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It is certain that insects regulate in many cases the range
and even the existence of the higher animals, whilst living
under their natural conditions. Under domestication light-
coloured animals suffer most: in Thuringia ™ the inhabitants do
not like grey, white, or pale cattle, because they are much more
troubled by various kinds of flies than the brown, red, or black
cattle. An Albino negro, it has been remarked,” was peculiarly
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 like-
wise to depend much on colour; thus, dark pelargoniums suffer
most ; and from various accounts it is 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-coloured verbenas, but likewise scarlets, suffer
from the sun; “the paler kinds stand better, and pale blue is
perhaps the best of all.” So again with the heartsease (Viola
tricolor) ; hot weather suits the blotched sorts, whilst it destroys
the beautiful markings of some other kinds.” During one
extremely cold season in Holland all red-flowered hyacinths
were observed to be very inferior in quality. It is believed
by many agriculturists that red wheat is hardier in northern

climates than white wheat.®

‘With animals, white varieties from being conspicuous are the
most liable to be attacked by beasts and birds of prey. In
parts of France and Germany where hawks abound, persons are
advised not to keep white pigeons; for, as Parmentier says, «it

% Bechstein, ¢ Naturgesch. Deutsch-
lands, 1801, B. i. 5. 310.

1 Prichard,  Phys. Hist. of Maukind,’
1851, vol. i. p. 224

¥ G. Lewis's ‘Journal of Residence
in West Indies’ ‘Home and Col.
Library,’ p. 100.

 Sidneys cdit. of Youatt on the

Pig, p. 24.

19 ¢ Journal of Horticulture,’ 1862, pp.
476, 498; 1865, p. 460. With respect
to the heartscase, ¢ Gardener’s Chro-
nicle,” 1863, p. 628,

* “Des Jacinthes, de Jeur Culture,
1768, p. 53: on wheat, ‘Gardener's
Chronicle, 1846, p. 653,
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is certain that in a flock the white always first fall victims to
the kite.” In Belgium, where so many societies have been esta-
blished for the flight of carrier-pigeons, white is the one colour
which for the same reason is disliked.# On the other hand, it
is said that the sea-eagle (Faleo ossifragus, Linn.) on the west
coast of Ireland picks out the black fowls, so that «the vil-
lagers avoid as much as possible rearing birds of that colour.”
M. Daudin® speaking of whito rabbits kept in warrens in
Russia, remarks that their colour is a great disadvantage, as
they are thus more exposed to attack, and can be seen during
bright nights from a distance. A gentleman in Kent, who failed
to stock his woods with a nearly white and hardy kind of rabbit,
accounted in the same manner for their early disappearance.
Any one who will watch a white cat prowling after her prey
will soon perceive under what a disadvantage she lies.

The white Tartarian cherry, “ owing either to its colour 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 other sorts. The yellow-fruited raspberry, which generally
comes nearly true by seed, “is very little molested by birds,
who evidently are not fond of it; so that nets may be dispensed
with in places where nothing else will protect the red fruit.”»
This immunity, though a benefit to the gardener, would be a
disadvantage in a state of nature both to the cherry and
raspberry, as their dissemination depends on birds. T noticed
during several winters that some trees of the yellow-berried
holly, which were raised from seed from a wild tree found by
my father, remained covered with fruit, whilst not a scarlet
berry could be seen on the adjoining trees of the common kind.
A friend informs me that a mountain-ash (Pyrus aucuparia)
growing in his garden bears berries which, though not difforently
coloured, are always devoured by birds before those on the other
trees. This variety of the mountain-ash would thus be more
freely disseminated, and the yellow-berried variety of the holly
less freely, than the common varieties of these two trees.

 W. B. Tegetmeier, *The Field, vil, 1860, p. 859.

Feb. 25, 1865. With respect to black  * ¢ Transact. Hort. Soc.,” vol. i, 2ud
fowls, see a_quotation in Thompson's series, 1835, For raspberrics,

“Na. Hist. of Ireland,’ 1849, vol.i. p.22. see * Gard. Chronicle,’ 1855, p. 154, and
# ‘Bull. de la Soc. ’Acclimat,’ tom. 1863, p. 245.
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Independently of colour, other trifling differences are some-
times found to be of importance to plants under cultivation, and
would be of paramount importance if they had to fight their
own battle and to struggle with many competitors. The thin-
shollod peas, called pois sans parchemin, are attacked by
birds® much more than common 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 likewise suffers greatly from
the tomtit®* These same birds have been observed to pass over
and thus favour the filbert, destroying only the other kinds of
nuts which grew in the same orchard.”

Certain varieties of the pear have soft bark, and these suffer
severely from boring wood-beetles; whilst other varieties are
known to resist their attacks much better® In North America
the smoothness, or absence of down on the fruit, makes a great
difference in the attacks of the weevil, “ which is the uncom-
promising foo of all smooth stonefruits;” and the cultivator
“has the frequent mortification of sceing nearly all, or indeed
often the whole crop, fall from the trees when half or two-thirds
grown.” Hence the nectarine suffers more than the peach. A par-
ticular variety of the Morello cherry, raised in North America, is
without any assignable cause. more liable to be injured by this
same insect than other cherry-trees?* From some unknown cause,
the Winter Majetin apple enjoys the great advantage of not being
infested by the coccus. On the other hand, a particular case
has been recorded in which aphides confined themselves to the
Winter Nelis pear, and touched no other kind in an extensive
orchard® The existence of minute glands on the leaves of
peaches, nectarines, and apricots, would not be esteemed by
botanists as a character of the least importance, for they are
present or absent in closely related sub-varieties, descended from
the same parent-trec; yet there is good evidence® that the

2 ¢ Gardener’s Chronicle,” 1843, p. America,’ pp. 266, 501 in regard to
806, the cherry, p. 198.

2 Thid,, 1850, p. 732. ® ¢ Gardener's Chronicle, 1849, p.

= Thid., 1860, p. 956. 755.

7 3. Do Jonghe, in * Gard. Chronicle, % *Joumal of Horticulture,’ Sept.
1860, p. 120, 26th, 1863, . 254 ; see other references

2 Downing, ‘ Fruit-trees of North —given in chap. X.
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absence of glands leads to mildew, which is highly injurious to
these trees.

A difference either in flavour or in the amount of nutriment
in certain varieties causes them to be more eagerly attacked by
various enemies than other varieties of the same species. Bull-
finches (Pyrriula vulgaris) 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 couple of days of almost every
bud;” but certain varieties® of the apple and thorn (Crategus
oryeantha) 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 variety of plum® had to be care-
fully protected, as they were usually stripped of all their buds
during the winter, whilst other sorts growing near them escaped.
The root (or enlarged stem) of Laing’s Swedish turnip is pre-
ferred by hares, and therefore suffers more than other varieties.
Hares and rabbits eat down common rye before St. John's-
day-rye, when both grow together®® In the South of France,
when an orchard of almond-trees is formed, the nuts of the bitter
variety are sown, “in order that they may not be devoured by
field-mice;”* 5o we see the use of the bitter principle in almonds,

Other slight differences, which would be thought quite unim-
portant, are no doubt sometimes of great service both to plants
and animals. The Whitesmith’s gooseberry, as formerly stated,
produces its leaves later than other varieties, and, as the flowers
are thus left unprotected, the fruit often fails, In one variety
of the cherry, according to Mr. Rivers® the petals are much
curled backwards, and in consequence of this the stigmas were
observed to be killed by a severe frost; whilst at the same time,
in another variety with incurved petals, the stigmas were not in
the least injured. The straw of the Fenton wheat is remark-
ably unequal in height; and a competent observer belioves
that this variety is highly productive, partly because the ears,
from being distributed at various heights above the ground,

o Mr. Selby, in ‘Mag. of Zoology % Mr. Puscy, in ‘Joural of R.
and Botany,’ Edinburgh, vol. ii, 1838,  Agricult. Soc., vol. vi. p. 179, For
P. 393, Swedish_turnips, see *Gard. Chron.,’

= Tho Reino Claudo do Bavay, 1847, p. 1.
‘Jourual of Horticulture, Dec. 27, ¥ Godron, *De I'Espiee, tom.ii. p.98.
1864, p. 511. ® * Gardener’s Chron.,’ 1866, p. 752,
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are less crowded together. The same observer maintains that
in the upright varieties the divergent awns are serviceable by
breaking the shocks when the ears are dashed together by the
wind.® If several varieties of a plant are grown together, and
the seed is indiscriminately harvested, it is clear that the
hardier and more productive kinds will, by a sort of natural
selection, gradually prevail over the others; this takes place, as
Colonel Le Couteur -believes,™ in our wheat-fields, for, as for-
merly shown, no variety is quite uniform in character. The
same thing, as I am assured by nurserymen, would take place
in our flower-gardens, if the seed of the different varieties were
not separately saved. When the eggs of the wild and tame
duck are hatched together, the young wild ducks almost inva-
riably perish, from being of smaller size and 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
Jjudging what characters are of importance in a state of nature
to animals and plants, which have to struggle from the hour of
their birth to that of their death for existence,—their existence
depending on conditions, about which we are profoundly ignorant.

Circumstances 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 complex,
and, to a great extent, unknown laws. Domestication, even
when long continued, occasionally causes but a small amount
of variability, as in the case of the goose and turkey. The
slight differences, however, which characterise each individual
animal and plant would in most, probably in all cases, suffice
for the production of distinct races through careful and pro-
longed selection. We see what selection, though acting on mere
individual differences, can effect when families of cattle, sheep,

3 « Gardener's Chronicle, 1862, pp. 820, 821,
< On the Varieties of Wheat, p. 59,
38 Mr. Hewitt and others, in * Journal of Hort.,' 1862, p. 773.
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pigeons, &e., 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 distinet races must be prevented ;
hence facility in pairing, as with the pigeon, is highly favourablo
for the work ; and difficulty in pairing, as with cats, prevents
the formation of distinct breeds. On nearly the same principle
the cattle of the small island of Jersey have been improved in
their milking qualities “with a rapidity that could not have
been obtained in a widely extended country like France.”®
Although free crossing is a danger on the one side which
every one can see, too close interbreeding is a hidden danger
on the other side. Unfavourable conditions of life overrule the
power of selection. Our improved heavy breeds of cattle and
sheep could not have been formed on mountainous pastures ;
nor could dray-horses have been raised on a barren and inhos-
pitable land, such as the Falkland islands, where even the
light horses of La Plata rapidly decrease in size. Nor could
the wool of sheep have been much increased in length within
the Tropics; yet selection has kept Merino sheep nearly true
under diversified and Wbl diti of life. The
power of selection is so great, that breeds of the dog, sheep, and
poultry, of the largest and least size, long and short beaked
pigeons, and other breeds with opposite characters, have had
their characteristic qualities angmented, though treated in every
way alike, being exposed to the same climate and fed on the
same food. - Selection, however, is either checked or favoured
by the effects of use or habit. Our wonderfully-improved pigs
could never have been formed if they had been forced to search
for their own food; the English racehorse and greyhound could
not have been improved up to their present high standard of
excellence without constant training.

As conspicuous deviations of structure occur rarely, the
improvement of each breed is generally the result, as alrcady

® ¢ Encyclop. of Rural Sports,” p. 405.
4 Col. Le Couteur, ¢ Journal Roy. Agricult. Soe.,’ vol. iv. p. 43.
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remarked, of the selection of slight individual differences.
Hence the closest attention, the sharpest powers of observation,
and indomitable p are indispensable. It is, also,
highly important that many individuals of the breed which is to
be improved should be raised; for thus there will be a better
chance of the appearance of variations in the right direction,
and individuals varying in an unfavourable manner may be
freely rejected or destroyed. But that a large number of indi-
viduals should be raised, it is necessary that the conditions of
life should favour the propagation of the species. Had the
peacock been bred as easily as the fowl, we should probably
ere this have had many distinet races. We see the importance
of a large number of plants, from the fact of nursery garden-
ers almost always beating amateurs in the exhibition of new
varieties. Tn 1845 it was estimated ' that between 4000 and
5000 pelargoniums were annually raised from seed in Eng-
land, yet a decidedly improved variety is rarely obtained.
At Messts. Carter’s grounds, in Essex, where such flowers as
the Lobelia, Nemophila, Mignonette, &c., are grown by the
acre for seed, “scarcely a season passes without some new kinds
being raised, or some improvement effected on old kinds.*? At
Kew, as Mr. Beaton remarks, where many seedlings of common
plants are raised, you see new forms of Laburnums, Spireas,
and other shrubs.”*  So with animals: Marshall,* in speaking
of the sheep in one part of Yorkshire, remarks, © as they belong
to poor people, and are mostly in small lots, they never can
be improved.” Lord Rivers, when asked how he succeeded in
always having firsterate greyhounds, answered, “I breed many,
and hang many.” This, as another man remarks, “ was the secret
of his success; and the same will be found in exhibiting fowls,
—successful competitors breed largely, and keep the best.”*

Tt follows from this that the capacity of breeding at an early
age and at short successive intervals, as with pigeons, rabbits,
&e., facilitates selection ; for the result is thus soon made visible,
and p in the work is ged. It can hardly be

4 < Gardener's Chronicle,’ 1845, p. ~ * *Cottago Gardener,’ 1860, p. 368,
. 4 <A Review of Reports,’ 1808, p.
@ «Journal of Horticulture, 1862, p. ~ 406.
157. 4 ¢ Gardener's Chronicle,’ 1853, p. 45,
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accidental that the great majority of the culinary and agricul-
tural plants which have yielded numerons races are annuals or
biennials, which therefore are capable of rapid propagation and
thus of imp Sea-kale, common and Jeru-
salem artichokes, potatoes, and onions, alone are perennials.
Onions are propagated like annuals, and of the other plants
just specified, none, with the exception of the potato, have
yielded more than one or two varieties. No doubt fruit-trees,
which cannot be propagated quickly by sced, have yielded o
host of varieties, though not permanent races ; but these, judging
from pre-historic remains, were produced at a later and more
civilised epoch than the races of culinary and agricultural plants,

A species may be highly variable, but distinet races will not
be formed, if from any cause selection be mot applied. The
carp is highly variable, but it would be extremely difficult to
select slight variations in fishes whilst living in their natural state,
and distinct races have not been formed 3% on the other hand, a
closely allied species, the gold-fish, from being reared in glass
or open vessels, and from having been carefully attended to by
the Chinese, has yielded many races. Neither the bee, which
has been semi-domesticated from an extremely remote period,
nor the cochineal insect, which was cultivated by the aboriginal
Mexicans, has yielded races; and it would be impossible to
match the queen-bee with any particular drone, and most difficult
to match cochineal insects. Silk-moths, on the other hand, have
been subjected to rigorous selection, and have produced a host
of races. Cats, which from their nocturnal habits cannot be
selected for breeding, do not, as formerly remarked, yield dis-
tinet races in the same country. The ass in England varies
much in colour and size; but it is an animal of little value,
bred by poor people ; consequently there has been no selection,
and distinet races have not been formed. We must not attribute
the inferiority of our asses to climate, for in India they are of
even smaller size than in Europe. But when selection is brought
to bear on the ass, all is changed. Near Cordova, as T am in-
formed (Feb. 1860) by Mr. W. E. Webb, C.E., they are care-
fully bred, as much as 2007 having been paid for a stallion ass,

* Isidoro Geoffroy St Hiluire, *Hist. Nat. Gén,’ fom. iii. p. 40. On tho
Cochineal Tnscet, p. 16.
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and they have been i 1 d. In Kentucky, asses
have been imported (for breedmw mules) from Spain, Malta,
and France; these “seldom averaged more than fourteen hands
“high; but the Kentuckians, by great care, have raised them
“up to fifteen hands, and sometimes even to sixteen. The prices
“paid for these splendid animals, for such they really are, will
“prove how much they are in request. One male, of great
« celebrity, was sold for upwards of one thousand pounds sterling.”
These choice asses are sent to cattle-shows, one day being given
to their exhibition.*”

Analogous facts have been observed with plants: the nutmeg-
tree in the Malay archipelago is highly variable, but there has
been no selection, and there are no distinct races.®® The common
mignonette (Reseda odorata), from bearing inconspicuous flowers,
valued solely for their fragrance, “remains in the same unim-
“proved condition as when first introduced.”* Our common
forest-trees are very variable, as may be seen in every extensive
nursery-ground ; but as they are not valued like fruit-trees,
and as they seed late in life, no selection has been applied to
them ; consequently, as Mr. Patrick Matthews remarks” they
have 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-
monstrous varieties, which no doubt appeared suddenly as we
now see them.

Some botanists have argued that plants cannot have so strong
a tendency to vary as is generally supposed, because many
species long grown in botanic gardens, or unintentionally culti-
vated year after year mingled with our corn crops, have not pro-
duced distinct races; but this is accounted for by slight varia-
tions not having been selected and propagated. Let a plant
which is now grown in a botanic garden, or any common weed,
be cultivated on a large scale, and let a sharp-sighted gardener
look out for each slight variety and sow the seed, and then, if
distinct races are not produced, the argument will be valid.

47 Capt. Marryat, quoted by Blth A:ehapel-gn, vol. ii., 1848, p. 645.
in * Journ. Asiatic Soc. of Bengal,' vol. % Mr. Abbey, in *Jouraal of Horti-
xxviil. p. 229, culture,’ Dec. 1, 1863, p. 430.

M. Oxley, *Jourmal of the Tndian +Gn Navad Timber? 1581, p. 107,
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The importance of selection is likewise shown by considering
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 utmost diversity in these respects pre-
vails. R bs, doubl bs, cup bs, &e., and colours
of all kinds, may be seen in purely-bred and closely related
Dorking fowls, whilst other poiuts, such as the general form of
body, and the presence of an additional toe, have been attended
to, and are invariably present. It has also been ascertained
that colour can be fixed in this breed, as well as in any other.*

During the formation or improvement of a breed, its members
will always be found to vary much in those characters to which
especial attention is directed, and of which each slight im-
provement is eagerly sought and selected. Thus with short-faced
tumbler-pigeons, the shortness of the beak, shape of head and
plumage,—with carriers, the length of the beak and wattle,—
with fantails, the tail and carriage,—with Spanish fowls, the white
face and comb,—with long-eared rabbits, the length of ear, are
all points] which are eminently variable. So it is in every case,
and the large price paid for first-rate animals proves the diffi-
culty of breeding them up to the highest standard of excellence.
This subject has been disoussed by fanciers,® and tho greater
prizes given for highly improved breeds, in comparison with
those given for old breeds which are not now undergoing rapid
improvement, has been fully justified. Nathusius makes® a
similar remark when discussing the less uniform character of
improved Shorthorn cattle and of the English horse, in com-
parison, for example, with the unennobled cattlo of Hungary,
or with the horses of the Asiatic steppes. This want of uni-
formity in the parts which at the time are undergoing selection,
chiefly depends on the strength of the principle of reversion :
but it likewise depends to a certain extent on the continued

o Baily, in ‘Tho Poultzy Chro-  cember, p. 171; 1856, Jauary, .
8, 323,

micle, vol. ii,, 1854, p. 150. Also vol.i. 248, 325,
P- 842; vol. fii. p. 245, 5 ‘Ueber Shorthorn Rindvieh,” 1857,
# ‘Cottage Gardener,’ 1855, De- .51



Ciuap. XXIL CARRIED TO AN EXTREME. 239

variability of the parts which have recently varied. That the
same parts do continue varying in the same manner we must
admit, for, if it were not so, there could be no improvement
beyond an em-ly standard of excellence, and we know that such
improvement is not only posslble, but is of general oceurrence.

Asa of iability, and more especiall
of reversion, all highly improved races, if ueglected or not sub-
jected to incessant selection, soon degenerate. Youatt gives a
curious instance of this in some cattle formerly kept in Glamorgan-
shire ; 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
“heen 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
be very far from excellent of their kind; but, from what we see
of the many common races of dogs, cattle, fowls, pigeons, &e.,
which without any particular care have long retained nearly the
same character, we have no grounds for believing that they
would altogether depart from their type.

1t is a general belief amongst breeders that characters of all
kinds become fixed by long-continued inheritance. But I have
attempted to show in the fourteenth chapter that this belief
apparently resolves itself into the following proposition, namely,
that all characters whatever, whether recently acquired or an-
cient, tend to be transmitted, blxt tlmt those which have already

Tong withstood all fl will, a5 a_ general
rule, continue to with d them, and be
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,
in useful qualities, there is no limit to his desire to breed certain

54 ¢The Veterinary,’ vol. xiii. p. 720. For the Glamorganshiro caitle, see Youatt
on Catle, p. 51.
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horses and dogs as fleet as possible, and others as strong as
possible; certain kinds of sheep for extremo fineness, and others
for extreme length of wool ; and he wishes to produce fruit, grain,
tubers, and other useful parts of plants, as large and excellent as
possible. With animals bred for amusement, the same principle is
even more powerful ; for fashion, as we see even in our dress,
always runs to extremes. This view has been expressly admitted
by fanciers. Instances were given in the chapters on the
pigeon, but here is another: Mr. Eaton, after describing a com-
paratively new variety, namely, the Archangel, remarks, “ What
“fanciers intend doing with this bird I am at a loss to know,
“whether they intend to breed it down to the tumbler’s head
“and beak, or carry it out to the carrier’s head and bealk; leaving
“it as they found it, is not progressing.”  Ferguson, speaking
of fowls, says, “their peculiarities, whatever they may be, must,
« ily be fully developed: a little peculiarity forms nought
“but ugliness, seeing it violates the existing laws of symmetry.”
So Mr. Brent, in discussing the merits of the sub-varieties of the
Belgian canary-bird, remarks, « Fanciers always go to extremes ;
“they do not admire indefinite properties.”

This principle, which necessarily leads to divergence of
character, explains the present stato of various domestic races,
Wo can thus see how it is that race-horses and dray-
horses, groyhounds and mastiffs, which aro opposed to eacl
other in every character,—how varieties so distinct as Cochin-
China fowls and bantams, or carrier-pigeous with very long
beaks, and tumblers with excessively short beaks, have been
derived from the same stock. ~ As each breed is slowly improved,
the inferior varieties are first neglected and finally lost, - In a
few cases, by the aid of old records, or from intermediate varieties
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 extinction of the intermediate and
less-valued forms, is the key which unlocks the mystery how man
has produced such wonderful results,

2 J M. Eaton, * A Treatise on Funcy Pigeons, p. 82; Ferguson, on ‘ Rare and
Prizo Poultry," p. 162; Mr. Brent, in * Cottage Gardener,' Oct, 1569, p. 13,
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In a few instances selection, guided by utility for a singlo
purpose, has led to of cl All the i d
and different races of the pig, as Nathusius has well shown,%
closely approach each other in character, in their shortened legs
and muzzles, their almost hairless, large, rounded bodies, and
small tusks.  We see some degree of convergence in the similar
outline of the body in well-bred cattle belonging to distinct
races”” I know of no other such cases.

Continued divergence of character depends on, and is indeed
a clear proof, as previously remarked, of the same parts con-
tinuing to vary in the same direction. The tendency to mere
general variability or plasticity of organisation can certainly be
inherited, even from one parent, as has been shown by Girtner
and Kélreuter, 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 manner, if the conditions which first caused
the being to vary remain, as far as can be judged, the same,
This is cither tacitly or expressly admitted by all horticulturists:
i a gardener observes one or two additional petals in a flower,
he feels confident that in a few generations he will be able
to raise a double flower, crowded with petals. Some of the
seedlings from the weeping Moceas oak were so prostrate that
they only crawled along the ground. A’ seedling from the fasti-
gate or upright Trish yew is described as differing greatly from
the parent-form “by the exaggeration of the fastigate habit of
its branches.”®® Mr. Sheriff, who has been more successful
than any other man in raising new kinds of wheat, remarks, A
good variety may safely be regarded as the forerunner of a
better one.”® A great rose-grower, Mr. Rivers, has made the
same remark with respect to roses. Sageret, who had large
experience, in speaking of the future progress of fruit-trees,
observes that the most important principle is “that the more
plants have departed from their original type, the more they
tend to depart from it.” There is apparently much truth in this

% *Die Racen des Schweincs 1860, Verlot, * Des Variétés,’ 1865, p. o4,
548, % Mr. Patrick Sheriff, in ‘Gard.

¥ Ses somo good remarks on this  Chronicle,’ 1858, p. 771.
head by M. do Quatrefages, * Unitédo % ¢ Pomologie Physiclog.,” 1880, p.
I'Espece Humaine, 1861, p. 119, 106.
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remark; for we can in no other way understand the surprising
amount of difference between varieties in the parts or qualities
which are valued, whilst other parts retain nearly their original
character.

The foregoing discussion naturally leads to the question, what
is the limit to the possible amount of variation in any part
or quality, and, consequently, is there any limit to what selec-
tion can effect? Will a race-horse ever be reared fleeter than
Eclipse? Can our prize-cattle and sheep be still further im-
proved? Will a gooseberry ever weigh more than that pro-
duced by “London” in 18527 Will the beet-root in France
yield a greater percentage of sugar? Will future varieties of
wheat and other grain produce heavier crops than our present
varieties? These questions cannot be positively answered ; but
it is certain that we ought to be cautious in answering by a
negative. Tn some lines of variation the limit has probably been
reached. Youatt believes that the reduction of bone in some
of our sheep has already been carried so far that it entails great
delicacy of constitution.”! But seeing the great improvement
within recent times in our cattle and sheep, and especially 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. Eeclipse
perhaps may never be beaten until all our race-horses have
been rendered swifter, through the selection of the best horses
during many generations ; and then the old Eclipse may possibly
be eclipsed ; but, as Mr. Wallace has remarked, there must be an
ultimate limit to the fleetness of every animal, whether under
nature or domestication ; and with the horse this limit has perhaps
been reached. Until our fields are better manured, it may be
impossible for a new variety of wheat to yield a heavier crop. But
in many cases those who are best qualified to judge do not believe
that the extreme point has as yet been reached even with respect
to characters which have already been carried to a high standard
of perfection. For instance, the short-faced tumbler-pigeon has
been greatly modified ; nevertheless, according to Mr. Eaton,*
«the field is still as open for fresh competitors as it was one
hundred years ago” Over and over again it has been said that

@ Yountt on Sheep, p. 521. % *A Treatisc on the Almond Tumbler;’ p. i.
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perfection had been attained with our flowers, but a higher
standard has soon been reached. Hardly any fruit has been more
improved than the strawberry, yet a great authority remarks,®
“it must not be concealed that we are far from the extreme
Limits at which wo may arrive.”

Time is an important element in the formation of our domestic
races, as it permitts 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 produced some effect. Uncon-
scious selection will have been still more effective; for during
a lengthened period the more valuable individual animals will
occasionally have been saved, and the less valuable neglected.
In the course, also, of time, different varieties, especially in the
less civilised countries, will have been more or less modified
through natural selection. It is generally believed, though on
this head we have little or no evidence, that new characters in
time become fixed; and after having long remained fixed it
seems possiblo that under new conditions they might again be
rendered variable.

How great the lapse of time has been since man first domes-
ticated animals and cultivated plants, we begin dimly to see.
When the lake-buildings of Switzerland were inhabited during
the Neolithic period, several animals. were already domes-
ticated and various plants cultivated. If we may judge from
what we now see of the habits of savages, it is probable that the
men of the earlier Stone period—when many great quadrupeds
were living which are now extinet, and when the face of the
country was widely different from what it now is—possessed
at least some few domesticated animals, although their remains
have not as yet been discovered. If the science of language
can be trusted, the art of ploughing and sowing the land was
followed, and the chief animals had been already domesticated,
at an epoch so immensely remote, that the Sanskrit, Greek,
Latin, Gothic, Celtic, and Sclavonic languages had not as yet
diverged from their common parent-tongue.

@ M. J. de Jonghe, in * Gard. Chron.,’ 1858, p. 173.
# Max. Miller, *Seicnco of Language,’ 1861, p. 223.
R 2




244 SELECTION. Crmar. XXL

Tt is scarcely possible to overrate the effects of selection
oceasionally carried on in various ways and places during
thousands of generations. All that we know, and, in a still
stronger degree, all that we do not know,” of the history of the
great majority of our breeds, even of our more modern breeds,
agrees with the view that their production, through the action
of unconscious and methodical selection, has been almost insen-
sibly slow. When a man attends rather more closely than is
usual to the breeding of his animals, he is almost sure to improve
them to a slight extent. They are in consequence valued in
his immediate neighbourhood, and are bred by others; and their
characteristic features, whatever these may be, will then slowly
but steadily be increased, imes by methodical and almost
always by unconscious selection. At last a strain, deserving to
be called a sub-varicty, becomes a little more widely known,
receives alocal name, and spreads. The spreading will have been
extremely slow during ancient and less civilised times, but now
is rapid. By the time that the new breed had assumed a some-
what distinet character, its history, hardly noticed at the time,
will have been completely forgotten; for, as Low remarks®
e know how quickly the memory of such events is effaced.”

As soon as a new breed is thus formed, it is liable through
the same process to break up into mew strains and sub-
varieties. For different varieties are suited for, and are valued
under, different circumstances. Fashion changes, but, should
a fashion last for even a moderate length of time, so strong
s the principle of inheritance, that some effect will probably
be impressed on the breed. Thus varieties go on increasing
in number, and history shows us how wonderfully they have
increased since the earliest records.”™ As each new variety is
produced, the earlier, intermediate, and less valuable forms will
be neglected, and perish. When a breed, from not being valued,

_is kept in small numbers, its extinction almost inevitably
follows sooner or later, either from accidental causes of destruc-
tion or from close interbreeding; and this is an event which, in
the case of well-marked breeds, excites attention. The birth or
production of a new domestic race is so slow a process that it

& Youatt on Cattle, pp. 116, 128. ¢ Domesticated Animals, p. 188.
7 Volz, * Beitriige zur Kulturgeschichte,’ 1852, 5. 99 of passim.
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escapes notice ; its death or destruction is comparatively sudden,
is often recorded, and when too late sometimes regretted.

Several authors have drawn a wide distinetion between arti-
ficial and natural races. The latter are more uniform in cha-
racter, possessing in a high degree the character of natural
species, and are of ancient origin. They are generally found in
less civilised countries, and have probably been largely modi-
fied by natural selection, and only to a small extent by man’s
unconscious and methodical selection. They have, also, during
a long period, been directly acted on by the physical conditions
of the countries which they inhabit. The so-called artificial
races, on the other hand, are not so uniform in character; some
have a semi-monstrous character, such as “the wry-legged
terriers so useful in rabbit-shooting,”* turnspit dogs, ancon
sheep, niata oxen, Polish fowls, fantail-pigeons, &e.; their charac-
teristic features have generally been acquired suddenly, though
subsequently increased in many cases by careful selection. Other
races, which certainly must be called artificial, for they have
been largely modified by methodical selection and by crossing,
as the English race-horse, terrier-dogs, the English game-cock,
Antwerp carrier-pigeons, &c., nevertheless cannot be said to
have an unnatural appearance; and no distinct line, as it seems
to me, can be drawn between natural and artificial races.

It is not surprising that domestic races should generally
present a different aspect from natural’ species. Man selects
and propagates modifications solely for his own use or fancy,
and not for the creature’s own good. His attention is struck by
strongly marked modifications, which have appeared suddenly,
due to some great disturbing cause in the organisation. He
attends almost exclusively to external characters; and when he
succeeds in modifying internal organs,—when for instance he
reduces the bones and offal, or loads the viscera with fat, or
gives early maturity, &e.,—the chances are strong that he will at
the same time weaken the constitution. On the other hand,
when an animal has to struggle throughout its life with many com-
petitors and enemies, under 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

# Blaine,  Encyelop, of Rural Sports,’ p. 213.
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fanctions and mutual relations of parts—will be rigorously tested,
preserved, or rejected. Natural selection often checks man’s

i feeble and icious attempts at imp: H
and if this were not so, the result of his work, and of nature’s
work, would be even still more different. Nevertheless, we must.
not overrate the amount of difference between natural species
and domestic races; the most experienced naturalists have often
disputed whether the latter are descended from one or from
several aboriginal stocks, and this clearly shows that there is no
palpable difference between species and races.

Domestic races propagate their kind far more truly, and
endure for much longer 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 Southdown 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 hand: fowls, or ier-pig with beaks just percep-
tibly longer to the practised eye, and thus be successful at an
exhibition. Thus far he will go, but no farther. He does not
reflect on what follows from adding up during a long course of
time many, slight, successive modifications; nor does he reflect
on the former existence of numerous varieties, connecting the
links in each divergent line of descent. He concludes, as was
shown in the earlier chapters, that all the chief breeds to whicl
L has long attended are aboriginal productions. The i
naturalist, on the other hand, who gencrally knows nothing of
the art of breeding, who does not pretend to know how and
when the several domestic races were formed, who cannot have
seen the intermediate gradations, for they do not now exist,
nevertheless feels no doubt that these races are sprung from a
single source. But ask him whether the closely allied natural
species which he has studied may not have descended from a
common progenitor, and he in his turn will perhaps reject the
notion with scorn. Thus the naturalist and breeder may mutually
learn a useful lesson from each other.

Summary on Selection by’ Man.—There can be no doubt that
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methodical selection has effected and will effect wonderful
results. 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 circum-
stances have slowly changed, which many animals have under-
gone in the same country, or when transported intoa foreign land.
We see th bined effects of methodical and ious selec-
tion in the great amount of difference between varieties in those
parts or qualities which are valued by man, in comparison with
those which are not valued, and consequently have not been
attended to. Natural selection often determines man’s power
of selection. We imes err in imagining that c}
which are considered as unimportant by the systematic naturalist,
could not be affected by the struggle for existence, and there-
fore be acted on by natural selection; but striking cases have
been given, showing how great an error this is.
The possibility of selection coming into action rests on varia-
bility ; and this is mainly caused, as we shall hereafter sec, by
changes in the conditions of life. Selection is sometimes ren~
dered difficult, or even impossible, by the conditions being opposed
to the desired character or quality. Itssometimes checked by
the lessened fertility and weakened constitution which follow
from long-continued close interbreeding. Thatmethodical selec-
tion may be successful, the closest attention and discernment,
bined with ied patience, are absolutely necessary;
and these same qualities, though not indispensable, are highly
serviceable in the case of unconscious selection. It is almost
necessary that a large number of individuals should be reared;
for thus there will be a fair chance of variations of the desired
nature arising, and every individual with the slightest blemish
or in any degree inferior may be freely rejected. Hence length
of time is an important element of success. Thus, also, propa-
gation at an early age and at short intervals favours the work.
Facility in pairing animals, or their inhabiting a confined area,
s advantageous as a check to freo crossing. Whenever and
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wherever selection is not practised, distinct races are not formed.
‘When any one part of the body or quality is not attended
to, it remains either unchanged or varies in a fluctuating manner,
whilst at the same time other parts and other qualities may
become permanently and greatly modified. But from the ten-
dency to reversion and to continued variability, those parts or
organs which are now undergoing rapid improvement through
selection, are likewise found to vary much. Consequently
highly-bred animals, when neglected, soon degenerate; but we
have no reason to believe that the effects of long-continued
selection would, if the conditions of life remained the same, be
soon and completely lost.

Man always tends to go to an extreme point in the selection,
whether methodical or unconscious, of all useful and pleasing
qualities. This is an important principle, as it leads to con-
tmued dwergence, and in some rare cases to convergence of

ibility of inued diverg rests on
the tendency in each part or organ to go on varying in the
same manner in which it has already varied; and that this
occurs, is proved by the steady and gradual improvement of
many animals and plants during lengthened periods. The prin-
ciple of divergence of character, combined with the neglect and
final extinction of all previous, less-valued, and intermediate
varieties, explains the amount of difference and the distinct-
ness of our several races. Although we may have reached the
utmost limit to which certain characters can be modified, yet
we are far from having reached, as we have good reason to
believe, the limit in the majority of cases. Finally, from
the difference between selection as carried on by man and by
nature, we can understand how it is that domestic races often,
though by no means always, differ in general aspect from closely
allied natural species.

Throughout this chapter and elsewhere I have spoken of
selection as the paramount power, yet its action absolutely
depends on what we in our ignorance call spontaneous or acci-
dental variability. Let an architect be compelled to build an
edifice with uncut stones, fallen from a precipice. The shape
of each fragment may be called accidental; yet the shape of
each has been determined by the force of gravity, the nature
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of the rock, and the slope of the precipice,—events and circum-
stances, all of which depend on natural laws; but there is no
relation between these laws and the purpose for which each
fragment is used by the builder. In the same manner the
variations of each creature are determined by fixed and im-
mutable laws; but these bear no relation to the living struc-
_ ture which is slowly built up through the power of selection,
whether this be natural or artificial selection.

If our architect succeeded in rearing a noble edifice, using the
rough wedge-shaped fragments for the arches, the longer stones
- for the lintels, and so forth, we should admire his skill even in

a higher degree than if he had used stones shaped for the

So it is with selection, whether applied by man or by

nature; for though variability is indispensably necessary, yet,

when we look at some highly complex and excellently adapted

organism, variability sinks to a quite subordinate position in

imp in parison with selection in the same manner as

the shape of each fragment used by our supposed architect is
unimportant in comparison with his skill.
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CHAPTER XXII.

CAUSES OF VARIABILITY.

AccOMPANY — CAUSES ASSIGNED
BY VARIOUS AUTHORS — INDIVIDUAL DIFFERENCES — VARTABILITY OF EVERY KIND
DUE TO CHANGED CONDITIONS OF LIFE — ON THE NATURE OF SUCH CHANGES —
CLIMATE, POOD, EXCESS OF NUTRIMENT — SLIGHT CHANGES SUFFICIENT — EFFECTS
OF GRAFTING ON THE or S — DoMESTIC

BECOME HABITUATED TO CHANGED CONDITIONS — ON THE ACCUMULATIVE ACTION
OF CHANGED CONDITIONS — CLOSE INTERBREEDING AND THE IMAGINATION OF THE
MOTHER SUFPOSED TO CAUSE VARIABILITY — CROSSING AS A CAUSE OF THE APFEAL-
ANCE OF NEW FROM THE

AND FROM REVERSION — ON THE MANNER AND PERIOD OF ACTION OF THE CAUSES
WHICH EITHER DIRECTLY, OR INDIREOTLY THEOUGH THE REPRODUCTIVE SYSTEM,
INDUCE VARIABILITY.

Wz will now consider, as far as we can, the causes of the
almost universal variability of our domesticated productions.
The subject is an obscure one; but it may be useful to probe
our ignorance. Some authors, for instance Dr. Prosper Lucas,
look at variability as a necessary contingent on reproduction,
and as much an aboriginal law, as growth or inheritance.

Others have of late ged, perhaps unintentionally, this
view by speaking of inheritance and variability as equal and
istio princi Pallas maintained, and he has had

some followers, that variability depends exclusively on the
crossing of primordially distinet forms. Other authors attri-
bute the tendency to variability to an excess of food, and with
animals to an excess relatively to the amount of exercise
taken, or again to the effects of a more genial climate. That
these causes are all effective is highly probable. But we must,
I think, take a broader view, and conclude that organic beings,
when subjected during several gemerations to any change what-
ever in their conditions, tend to vary; the kind of variation
which ensues depending in a far higher degree on the nature or
constitution of the being, than on the nature of the changed
conditions.
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Those authors who believe that it is a law of nature that each
individual should differ in some slight degree from every other,
may maintain, apparently with truth, that this is the fact, not
only with all d icated animals and cultivated plants, but
likewise with all organic beings in a state of nature. The Lap-
lander by long practice knows and gives a mame to each
reindeer, though, as Linneus remarks, « to distinguish one from
another among such multitudes was beyond my eomprehension,
for they were like ants on an ant-hill.” In Germany shepherds
have won wagers by recognising each sheep in a flock of a
hundred, which they had never seen until the previous fortnight.
This power of discrimination, however, is as nothing compared
to that which some florists have acquired. Verlot mentions a
gardener who could distinguish 150 kinds of camellia, when not
in flower; and it has been positively asserted that the famous
old Duteh 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 Jeaves of the camellia, though
appearing to an unpractised eye absolutely undistinguishable,
yet really differ."

As Linnaeus has compared the reindeer in number to ants, T
may add that each ant knows its fellow of the same community.
Several times I carried ants of the same species (Formica rufa)
from one ant-hill to another, inhabited apparently by tens of
thousands of ants; but the strangers were instantly detected
and killed. T then put some ants taken from a very large nest
into a bottle strongly perfumed with assafo:tida, and after an
interval of twenty-four hours returned them to their home ;
they were at first threatened by their fellows, but were soon
recognised and allowed to pass. Hence each ant certainly re-
cognises, independently of odour, its fellow; and if all the ants
of the same community have not some countersign or watch-
word, they must present to each other's senses some distin~
guishable character.

1 ¢Des Jacinthes, &e., Amsterdam, lated by Sir J. E. Smith, vol. i. p. 814,
1768, p. 43; Verlot, ‘Des Varités’ The statement in regard to German
. p. 86. On the reindcer, sss shepherds is given on the authority of
Linneus, ‘Tour in Lapland,’ trans-  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 unequal blending of the characters of the two parents,
and by the more or less complete recovery through reversion
of ancestral characters on either side; but we thus only push
the difficulty further back in time, for what made the parents
or their progenitors different? Hence the belief? that an
innate tendency to vary exists, independently of external con-
ditions, seems at first sight probable. But even the sceds
nurtured in the same capsule are not subjected to absolutely
uniform conditions, as they draw their nourishment from dif-
ferent points; and we shall see in a future chapter that this
difference sometimes suffices greatly to affect the character of
the fature plant. The less close similarity of the successive
children of the same family in comparison with human twins,
which often resemble each other in external appearance, mental
di and itution, in so inary a manner,
apparently proves that the state of the parents at the exact
period of conception, or the nature of the subsequent embryonic
development, has a direct and powerful influence on the cha-
racter of the offspring. Nevertheless, when we reflect on the

# Miller's ¢ Physiology,’ Eng. trans-
Intion, vol. ii. p. 1662, With respect

to the similarity of twins in consti-
tution, Dr. William Ogle has given me
the following extract from Professor
Trousseau’s Lectures (* Clinique Mcdi-
cale,’ tom. i. p. 528), in which a curious
case s recorded

“Jai donné mes
jumeaux, tous deux
si extraondinairement ressemblants qu'il
wétait impossible de les reconnaitre,
4 moins do les voir Tun & coté do
Tautre. Cette ressemblance physique
wétendait plus loin; ils avaient, per-
mettez-moi L'expression, une similitude
pathologique plus remarquable encore,
Ainsi L'un d'eux que jo voyais aux néo-
thermes & Paris malade d'une oph-
thalmie rhumatismale me disait, * En
ce moment mon frere doit avoir une
ophthalmic comme la mienne;’ et
commo jo m'étais réerié, il me montrait
quelques jours aprés une leitre quil

venait do recevoir de co frére alors &
Vienne, et qui lui ¢erivait en effot—
*Jai mon ophthalmie, tu dois avoir Ia
tienne.” Quelque singulier que ceci
puisso paraitre, Lo fait non est pas moins
exact: onne me I'a pas raconté, je I'i vu,
et fon ui vu d'autres analogues dans
ma pratique.  Ces deux jumeaux étaient
aussi tous deux asthmatiques, et asth-
matiques & un effroyable degré. Ori-
ginaires do Marseille, ils wont jumais
pu demeurer dans cette ville, ot leurs
intéréts les appelaient souvent, sans
étro pris de leurs aceds; jamais ils n'en
¢prouvaient & Paris. Bien mieux, il
leur sufiisait de gagner Toulon pour
étro. guéris de leurs attaques de Mar-
seille. Voyngeant sans cesse ot dans
tous pays pour leurs affuires, ils avaient
remarqué quo certaines localités leur
Gaient, fnestes, que dans d'nutres ils
étaient cxempts de tout phénomene

d'oppression.”
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individual differences between organic beings in a state of
nature, as shown by every wild animal knowing its mate; and
when we reflect on the infinite diversity of the many varieties
of our domesticated productions, we may well be inclined to
exclaim, though falsely as I believe, that Variability must be
looked at as an ultimate fact, necessarily contingent on repro-
ducticn.

Those authors who adopt this latter view would probably
deny that each separate variation has its own proper exciting
cause. Although we can seldom trace the precise relation
between cause and effect, yet the considerations presently to
be given lead to the conclusion that each modification must
have its own distinct cause. When we hear of an infant
born, for instance, with a crooked finger, a misplaced tooth,
or other slight deviation of structure, it is difficult to bring
the conviction home to the mind that such abnormal cases
are the result of fixed Jaws, and not of what we blindly call
accident. Under this point of view the following case, which
has been carefully examined and communicated to me by
Dr. William Ogle, is highly instructive. Two girls, born as
twins, and in all respects extremely alike, had their little fingers
on both hands crooked; and in both children the second
bicuspid tooth in the upper jaw, of the second dentition, was
misplaced ; for these teeth, instead of standing in a line with the
others, grew from the roof of the mouth behind the first
bicuspids. Neither the parents nor any other member of the
family had exhibited any similar peculiarity. Now, as both
these children were affected in exactly the same manner by both
deviations of structure, the idea of accident is at once excluded ;
and we are compelled to admit that there must have existed
some precise and sufficient cause which, if it had occurred a
hundred times, would have affected a hundred children.

We will now consider the general arguments, which appear
to me to have great weight, in favour of the view that variations
of all kinds and degrees are directly or indirectly caused 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
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natural conditions. Monstrosities graduate so insensibly 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 notice-
able in the natural as in the cultivated state. Under nature,
the individuals of the same species are exposed to nearly
uniform conditions, for they are rigorously kept to their proper
places by a host of competing animals and plants; they have,
also, long been habituated to their conditions of life; but it
cannot be said that they are subject to quite uniform conditions,
and they are liable to a certain amount of variation. The cir-
cumstances under which our domestic productions are reared
are widely different : they are protected from competition; they
have not only been removed from their natural conditions and
often from. their native land, but they are frequently carried
from district to district, where they are treated differently,
so that they never remain during a considerable length of
time exposed to closely similar conditions. In conformity with
this, all our domesticated productions, with the rarest excep-
tions, vary far more than natural species. The hive-bee, which
feeds itself and follows in most respects its natural habits of
life, is the least variable of all domesticated animals, and pro-
bably the goose is the next least variable; but even the goose
varies more than almost any wild bird, so that it cannot be
affiliated with perfect certainty to any natural species. Hardly
a single plant can be named, which has long been cultivated
and propagated by seed, that 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 doubted
whether the variations of this, the: least valuable of all our
cereals, have been closely observed.

Bud-variation, which was fully discussed in a former chapter,
shows us that variability may be quite independent of seminal
reproduction, and likewise of reversion to long-lost ancestral
characters. No one will maintain that the sudden appearance

® Isid. Geoffroy St. Hilaire, « Hist. des Anomalics,” tom. iii. p. 352 ; Moquin®
“Tandon, * Tératologie Végétale, 1841, p. 115.

4 Motzger, * Die Getreidearten,’ 1841, 5. 39.
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of a moss-rose on a Provence-rose is a return to a former state,
for mossiness of the calyx has been observed in no natural
species ; the same argument is applicable to variegated and
laciniated leaves; nor can the appearance of nectarines on
peach-trees be accounted for with any probability on the
principle of reversion. But bud-variations more immediately
concern us, as they oceur far more frequently on plants which
have been highly cultivated during a length of time, than
on other and less highly cultivated plants; and very few well-
marked instances have been observed with plants growing
under strictly natural conditions. I have given one instance of
an ash-tree growing in a gentleman’s pleasure-grounds; and
oceasionally there may be seen, on beech and other trees, twigs
leafing at a different period from the other branches. But our
forest trees in England can hardly be considered as living under
strictly natural conditions; the seedlings are raised and pro-
tected in nursery-grounds, and must often be transplanted into
places where wild trees of the kind would not naturally grow.
Tt would be esteemed a prodigy if a dog-rose growing in a hedge
produced by bud-variation a moss-rose, or a wild bullace or
wild cherry-tree yielded a branch bearing fruit of a different
shape and colour from the ordinary fruit. The prodigy would
bo enhanced if these varying branches were found capable of
propagation, not only by grafts, but sometimes by seed; yet
analogous cases have occurred with many of our highly culti-
vated 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 under another
point of view, if it were possible to expose all the individuals
of a species during many generations to absolutely uniform
conditions of life, there would be no variability.

On the Nature of the Changes in the Conditions of Life which
induce Variability.
From a remote period to the present day, under climates and
circumstances as different as it is possiblo to conceive, organic
beings of all kinds, when domesticated or cultivated, have
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varied. We see this with the many domestic races of quadrupeds
anc. birds belonging to different orders, with gold-fish and silk-
worms, with plants of many kinds, raised in various quarters of
the world. In the deserts of northern Africa the date-palm has
yielded thirty-eight varieties; in the fertile plains of India it is .
notorious how many varieties of rice and of a host of other
plants exist ; in a single Polynesian island, twenty-four varieties
of the bread-fruit, the same number of the banana, and twenty-
two varieties of the arum, are cultivated by the natives; the
mulberry-tree in India and Europe has yielded many varicties
serving as food for the silkworm; and in China sixty-three varieties
of the bamboo are used for various domestic purposes.’ These
facts alone, and innumerable others could be added, indicate
that a change of almost any kind in the conditions of life
suffices to cause variability—different changes acting on dif-
ferent 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 Pprotection of a wall, have varied much in
England, as has the orange-tree in northern Italy, where it is
barely able to exist” Nor can we overlook the fact, though not
immediately connected with our present subject, that the plants
and shells of the arctic Tegions are eminently variable More-.
over, it does not appear that a change of climate, whether more
or less genial, is one of the most Dotent causes of variability ;
for in regard to plants Alph. De Candolle, in his ¢ Géographie

oo the datopalm, see Vogel,  *Chineso Empire, vol. i p. 507,

‘Aumals and Mag. of Nat. Hist, i

554 b 400 On Indian varictics, Apple, &o, p. 3.

Dr. . Hamilton, * Transact. Linn. Soo, 7 Gallesto, * Tooria della Ripro-
Xiv. P-296. On the varicties cul-  duzione Veg, p. 196,

Tahiti, seo Dr. Bennets, in -8 See Dr, Hooker's Memoir on Arctic
Loudon's ‘Mag. of N. Hist,’ vol. v, Plants in +Ling, Transact., vol, xxiii,
1832, p. 484 Also Ellis, ‘Polynesian  part ii, M, Woodward, and a Tigher
Qe ol i bp. ST5, ST0: O suloity caiint by quoted, speaks of
twenty variotics of the Pundanus and theArctiomollusea (io his‘ Rudimentary
ofher rees in tho Murianne Tsland, sce Trcatise; 1806, P- 855) as remarkably
ooker's Miscsllany,' vol i. p. 308.  subjeot o variakicy,

On the bamboo in China, see Huc's

E
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Botanique, repeatedly shows that the native country of a plant,
where in most cases it has been longest cultivated, is that where
it has yielded the greatest number of varieties.

It is doubtful whether a change in the nature of the food is
a potent cause of variability. Scarcely any domesticated animal
has varied more than the pigeon or the fowl, but their food,
especially that of highly-bred pigeons, is generally the same.
Nor can our cattle and sheep have been subjected to any great
change in this respect. But in all these cases the food probably
is much less varied in kind than that which was consumed by
the species in its natural state.’

Of all the causes which induce variability, excess of food,
whether or not changed in nature, is probably the most powerful.
This view was held with regard to plants by Andrew Knight, and
is now held by Schleiden, more especially in reference to the
inorganic elements of the food. In order to give a plant more
food it suffices in most cases to grow it separately, and thus pre-
vent other plants robbing its roots. It is surprising, as 1 have
often seen, how vigorously our common wild plants flourish when
planted by themselves, though not in highly manured land.
Growing plants separately is, in fact, the first step in culti~
vation. We see the converse of the belief that excess of food
induces variability in the following statement by a great raiser
of seeds of all kinds."! It is a rule invariably with us, when
“we desire to keep a true stock of any one kind of seed, to
“ grow it on poor land without dung; but when we grow for
« quantity, we act contrary, and sometimes have dearly to
“ repent of it.”

Tn the case of animals the want of a proper amount of exercise,
as Bechstein has remarked, has perhaps played, independently
of the direct effects of the disuse of any particular organ, an
important part in causing variability. We can see in a vague
manner that, when the organised and nutrient fluids of the body
are not used during growth, or by the wear and tear of the tissues,

9 Bechstein, in his  Naturgeschichte lated by Henfrey, 1848, p. 169. See
der Stubenyiigel,’ 1840, 5.238, has some  also Alex. Braun, in ‘Bot. Memoirs,’
g00d remarks on this subject. He states  Ray. Soe, 1858, p. 813,
that his canary-birds varied in colour, 1 Messrs. Hardy and Son, of Maldon,

though kept on uniform food. in * Gaxd. Chronicle, 1856, p. 438.
1 “The Plant,’ by Sehleiden, trans- %

YOL. II. B
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they will be in B and as growth, nutrxnon, and reproduc-
tion are inti allied perfluity might dis-
turb the due and proper action of the reproducuve 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 fluids of the body necessarily induces variability.
The goose and the turkey have been well fed for many genera-
tions, yet have varied very little. Our fruit-trees and culinary
plants, which are so variable, have been cultivated from an
ancient period, and, though they probably still receive more
nutriment than in their natural state, yet they must have
received during many generations nearly the same amount ;
and it might be thought that they would have become habituated
to the excess. Nevertheless, on the whole, Knight's view, that
excess of food is one of the most potent causes of variability,
appears, as far as I can judge, probable.

Whether or not our various cultivated plants have received
nutriment in excess, all have been exposed to changes of
various kinds. Fruit-trees are grafted on different stocks,
and grown in various soils. The seeds of culinary and agri-
cultural plants are carried from place to place; and during
the last century the rotation of our crops and the manures used
have been greatly changed.

Slight changes of treatment often suffice to induce varia-
bility. The simple fact of almost all our cultivated plants
and domesticated animals having varied in all places and at all
times, leads to this conclusion. Seeds taken from common
English forest-trees, grown under their native climate, not highly
manured or otherwise artificially treated, yield seedlings which
vary much, as may be seen in every extensive seed-bed. I
have shown in a former chapter what a number of well-marked
and singular varieties the thorn (Cratmgus ozyeantha) has pro-
duced; yet this tree has been subjected to hardly any culti-
vation. In Staffordshire I carefully examined a large number
of two British plants, namely, Geranium phewm and Pyrenaicum,
which have never been highly cultivated. These plants had
spread spontancously by seed from a common garden into an
open plantation; and the seedlings varied in almost every single
character, both in their flowers and foliage, to a degree which
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I have never seen exceeded; yet they could not have been
exposed to any great change in their conditions.

With respect to animals, Azara has remarked with much sur-
prise, that, whilst the feral horses on the Pampas are always of
one of three colours, and the cattle always of a uniform colour,
yet these animals, when bred on the unenclosed estancias, though
kept in a state which can hardly be called domesticated, and
apparently exposed to almost identically the same conditions as
when they are feral, nevertheless display a great diversity of colour.
So again in India several species of fresh-water fish are only so
far treated artificially, that they are reared in great tanks; but
this small change is sufficient to induce much variability.”

Some facts on the effects of grafting, in regard to the variability
of trees, deserve attention. Cabanis asserts that when certain
pears are grafted on the quince, their seeds yield more varieties
than do the seeds of the same variety of pear when grafted on
the wild pear.* But as the pear and quince are distinct species,
though so closely related that the one can be readily grafted
and succeeds admirably on the other, the fact of variability being
thus caused is not surprising; we are, however, here enabled
to see the cause, namely, the different nature of the stock with
its roots and the rest of the tree.- Several North American
varieties of the plum and peach are well known to reproduce
themselves truly by seed; but Downing asserts,” “ that when a
“graft is taken from one of these trees and placed upon another
“stock, this grafted tree is found to lose its singular property of
« producing the same variety by seed, and becomes like all other
“worked trees ;”—that is, its seedlings become highly variable.
Another case is worth giving: the Lalande variety of the
walnut-tree leafs between April 20th and May 15th, and its
seedlings invariably inherit the same habit; whilst several
other varieties of the walnut leaf in June. Now, if seedlings are
raised from the May-leafing 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,

2 « Quadrupbdes du Paraguay, 1801, 1 Quoted by Sageret, ‘ Pom. Phys.,’
tom. ii. p. 819. 1830, p. 43.

1 MClelland on Indian Cyprinide, ¥ *The Fruits of America, 1845,
¢ Asiatic Researches,’ vol. Xix. part ii, p. 5.

1839, pp. 266, 268, 313.
82
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even as late as the 5th of June* Such facts as these are well
fitted to show, on what obscure and slight causes variability
rests.

T may here just allude to the appearance of new and valuable varieties
of fruit-trees and of wheat in woods and waste places, which at first sight
seems a most i Tn France a consi number
of the best pears have been discovered in woods; and this has occurred
5o frequently, that Poitean asserts that « improved varieties of our culti-
vated fruits rarely originate with nurserymen’ In England, on the

" other hand, no instance of a good pear having been found wild has been
recorded; and Mr. Rivers informs me that he knows of only one instance
with apples, namely, the Bess Poole, which was discovered in a wood in
Nottinghamshire. This difference between the two countries may be
in part accounted for by the more favourable climate of France, but
chiefly from the great number of seedlings which spring up thero in the
woods. I 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 cut down for firewood, before they have borne
fruit. The new varieties which thus spring up in the woods, though they
cannot have received any excess of nutriment, will have been exposed to
abruptly changed conditions, but whether this is the cause of their pro-
duction is very doubtful. These varicties, however, are probably all
descended ™ from old cultivated kinds growing in adjoining orchards,—a.
circumstance which will account for their variability; and out of a vast
mumber of varying trees there will always be a good chance of the appear-
ance of a valuable kind. Tn North America, 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 ordi
nary event for new varietios to be found in waste places; the Fenton wheat
was certainly discovered growing on a pile of basaltic detritus in a quarry,
but in such a situation the plant would probably receive a sufficient amount

% M. Gardan, in *Comptes Rendus,”
Dec. 1848, quoted in * Gard. Chronicle,’
1849, p. 101.

'8 Duval, ‘Hist. du Poirier, 1849,
2.

P2
I infer that this is the fact from

¥ M. Alexie Jordan mentions four
excellent pears found in woods in
France, and alludes to others (*Mem.
Acad. de Lyon,' tom. ii. 1852, p. 159).
Poiteau's remark is quoted in ¢ Gar-
dener's Mag.,' vol. iv,, 1628, p.
See *Gard. Chronicle,’ 1862, p. 835,
for another case of a new variety of the
pear found in a hedge in France. Also
for another case, see Loudon’s *Ency-
clop. of Gardening,’ p. 901. Mr. Rivers
has given me similar information.

Van Mons' statement (* Arbres Frui-
tiers,’ 1835, tom. i. p. 446) that he finds
in the woods seedlings resembling all
the chief cultivated races of both the
pear and apple. Van Mons, however,
looked at these wild varieties as abo-
riginal specics.

® Downing, ‘Fruit-trees of North
Ameriea,” p. 422; Foley, in * Transact.
Hort. Soc..’ vol. vi. p. 412,

2 ¢ Gard. Chronicle, 1847, p. 244.
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of nutriment. The Chidham wheat was raised from an ear found on a
hedge; and Hunter's 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 com-
pletely habituated 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 undergone marked improve-
ment. Insome few cases, however, plants have become habituated
to new conditions. Thus Metzger, who cultivated in Germany
during many years numerous varieties of wheat, brought from
different countries,” states that some kinds were at first extremely
variable, but gradually, in one instance after an interval of twenty-
five years, became constant; and it does not appear that this
resulted from the selection of the more constant forms,

On the Acoumulative Action of changed Conditions of Life.—
We have good grounds for believing that the influence of changed
conditions accumulates, so that no effect is produced on a species
until it has been exposed during several generations to continued
cultivation or domestication. Universal experience shows us
that when new flowers are first introduced into our gardens they
do not vary; but ultimately all, with the rarest exceptions, vary
to a greater or less extent. In a few cases the requisite number
of ions, as well as the ive steps in the progress of
variation, have been recorded, as in the often-quoted instance of
the Dahlia.®* After several years’culture the Zinnia has only lately
(1860) begun to vary in any great degree. “In the first seven or
“eight years of high cultivation the Swan River daisy (Brachyeome
“dberidifolia) kept to its original colour; it then varied into lilac
“and purple and other minor shades.”® Analogous facts have
been recorded with the Scoteh rose. In discussing the variability
of plants several experienced horticulturists have spoken to the

= Gardener's Chronicle,’ 1841, p. iii. p. 225; Bronn, *Geschichte der

883 1850, p. 700; 1854, p. 650. Natur,” b. ii. 5. 119,
' (Die Getreidearten,’ 1843, 5. 66, = « Journal of Horticulture, 1861, p.
116, 117. 112 ; on Zinnia, * Gardener's Chranicle,”
3 Sabine, in *Hort. Transact,’ vol. 1860, p. 852.
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same general effect. Mr. Salter® remarks, “ Every one knows
“ that the chief difficulty is in breaking throngh the original form
“and colour of the species, and every one will be on the look-out
«for any natural sport, either from seed or branch 5 that being
“once obtained, however trifling the change may be, the result
¢ depends upon himself.” M. de Jonghe, who has had so much
success in raising new varieties of pears and strawberries” re-
marks with respect to the former, *There is another principle,
“ 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 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 augmenting in the same direc-
tion each modification; for this power depends on continued
variability of the same general kind. The most celebrated hor-
ticulturist in France, namely, Vilmorin® even maintains that,
when any particular variation is desired, the first step is to
get the plant to vary in any manner whatever, and to go on
selecting the most variable individuals, even though they vary
in the wrong direction; for the fixed character of the species
being once broken, the desired variation will sooner or later
appear.

As nearly all our animals were domesticated at an extremely
remote epoch, we cannot, of course, say whether they varied
quickly or slowly when first subjected to new conditions. But
Dr. Bachman® states that he has seen turkeys raised from
the eggs of the wild species lose their metallic tints and become
spotted with white in the third generation. Mr. Yarrcll many
years ago informed me that the wild ducks bred on the ponds
in St. James's Park, which had never been crossed, as it is be-
lieved, with domestic ducks, lost their true plumage after a
few generations. An excellent observer,” who has often reared
birds from the eggs of the wild duck, and who took Pprecautions

* The Chrysanthemum, its History, &, 1865, p. 28.

&, 1865, p. 3. = *Examination of the Characteris-

* *Gardener’s Chron.,” 1855, p. 54; ticsof Generaand Species ? Charleston,
*Journal of Horticulture, May 9, 1865, 1855, p. 14.

63,

P- 363, © Mr. Hewitt, ‘Journal of Hort,’
* Quoted by Verlot, ‘ Des Variétés, 1863, p. 39,
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that there should be no crossing with domestic breeds, has
given, as previously stated, full details on the changes which they
gradually undergo. He found that he could not breed these wild
ducks true for more than five or six generations, “ as they then
« proved so much less beautiful. The white collar round the neck
« of the mallard became much broader and more irregular, and
« white feathers appeared in the ducklings’ wings.” They in-
creased 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, like plants,
do not depart from their primitive type until they have been
subjected during several generations to domestication. ~On
the other hand, Mr. Yarrell informed me that the Australian
dingos, bred in the Zoological Gardens, almost invariably pro-
duced in the first generation puppies marked with white and
other colours; but these introduced dingos had probably been
procured from the natives, who keep them in a semi-domesticated
state. It is certainly a remarkable fact that changed conditions
should at first produce, as far as we can see, absolutely no effect;
but that they should subsequently cause the character of the
species to change. In the chapter on pangenesis I shall
attempt to throw a little light on this fact.

Returning now to the causes which are supposed to induce
variability. Some authors® believe that close interbreeding
gives this tendency, and leads to the production of monstrosities.
In the seventeenth chapter some few facts were advanced,
showing that monstrosities are, as it appears, occasionally thus
caused; and there can be no doubt that close interbreeding
induces lessened fertility and a weakened constitution; hence it -
may lead to variability: but I have not sufficient evidence on
this head. On the other hand, close interbreeding, if not car-
ried to an injurious extreme, far from causing variability, tends
to fix the character of each breed.

It was formerly a common belief, still held by some per-
sons, that the imagination of the mother affects the child in

1 Devay, * Mariages Consanguins,’ pp. 97, 125. In conversation I have found
two or three nafuralists of the same opinion. %
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the womb® This view is evidently not applicable to the lower
animals, which lay unimpregnated eggs, or to plants. Dr. William
Hunter, in the last century, told my father that during many
years every woman in a large London Lying-in Hospital was
asked before her confinement whether anything had specially
affected her mind, and the answer was written down; and it so
happened that in no one instance could a coincidence be de- 4
tected between the woman’s answer and any abnormal structure ;
but when she knew the nature of the structuro, 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 previots father, as certainly
sometimes occurs, in accordance 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 spontaneously appear in our domestic
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, &c., were able to exist in a state of nature.
But the doctrine may mean something widely different, namely,
that the crossing of distinet species is the sole cause of the first
appearance of new characters, and that without this aid man could
not have formed his various breeds. As, however, new characters
have appeared in certain cases by bud-variation, we may conclude
with certainty that crossing is not necessary for variability. Tt is,
moreover, almost certain that the breeds of various animals, such as
of the rabbit, pigeon, duck, &c., and the varieties of several plants,
are the modified descendants of a single wild species. Neverthe-
less, it is probable that the crossing of two forms, when one or
both have long been domesticated or cultivated, adds to the varia-
bility of the offspring, independently of the commingling of the
characters derived from the two parent-forms; and this implies

. ® Miller has conclusively argued p. Laos.

against this belief, Elements of ‘A
Phys,’ Eng. trnslat., vol. ii, 1842, part i

Acad. St. Petersburg,’ 1780,
. 81, &o.
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that new characters actually arise. But we must not forget the
facts advanced in the thirteenth chapter, which clearly prove that
the act of crossing often leads to the reappearance or reversion
of long-lost characters; and in most cases it would be impossible
to distinguish between the reappearance of ancient characters
and the first appearance of new characters, Practically, whether
new or old, they would be new to the breed in which they
reappeared.

Giirtner declares™ and his experience is of the highest value on such a
. point, that, when he crossed native plants which had not been cultivated,

he never once saw in the offspring any new character; but that from the
o0dd manner in which the characters derived from the parents were com-
bined, they sometimes appeared as if new. When, on the other hand, he
crossed cultivated plants, he admits that new characters occasionally
appeared, but he is 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 Kolreuter,
hybrids in the genus Mirabilis vary almost infinitely, and he desribes new
and singular characters in the form of the seeds, in the colour of the anthers,
in the cotyledons being of immense size, in new and highly peculiar odours,
in the flowers expanding early in the season, and in their closing at night.
With respect to one lot of these hybrids, he remarks that they presented
characters exactly the reverse of what might have been expected from their
parentage

Prof. Lecoq™ speaks strongly to the same effect in regard to this same
genus, and asserts that many of the hybrids from Mirabilis jilapa and
‘multifiora might easily be mistaken for distinct species, and adds that they
differed in & greater degree, than the other species of the genus, from M.
julapa. Herbert, also, has deseribed  the offspring from a hybrid Rho-
dodendron as being “as unlike all others in foliage, as if they had been a
“ separate species.” The common experience of floriculturists proves that
the crossing and recrossing of distinet but allied plants, such as the
species of Petunia, Calceolaria, Fuchsia, Verbena, &c., induces excessive
variability; hence the appearance of quite new characters is probable, M.
Carriére® has lately discussed this subject: he states that Erythrina cris-
tagalli had been multiplied by seed for many years, but had not yielded
any varicties: it was then crossed with the ailied Z. herbacea, and “ the
“ resistance was now overcome, and varieties were produced with flowers
“ of extremely different size, form, and colour.”

From the general and apparently well-founded belief that the crossing

% ¢ Bastarderzougung, s. 249, 255, % ‘De la Fécondation,’ 1862, p. 311.
205. 54 llidacew, 1857, p. 362
% «Nova Acta, St. Petersburg, 1794, ® Abstracted in * Gard. Chronicle,
p. 3785 1795, pp. 307, 313, 316; 1787, 1860, p. 108L.

407,

P
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of distinet species, 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 a genus includes only a single specics, this
when cultivated never varies. The proposition made so broadly cannot
bo admitted; but it is probably true that the variability of cultivated
monotypic genera is much less than that of genera including nume-

Tous species, and this quite independently of the effects of crossing.
T have stated in my “Origin of Species,’ and in a fature work shall more
fully show, that the species belonging to small genera generally 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 varicties under cultivation than the already variable species of larger
genera.

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 ocour with species which have been
already rendered in some degree variable through cultivation. Hence
erossing, like any other change in the conditions of life, seems to be an
element, probably a potent one, in causing variability. But we seldom
have the means of distinguishing, as previously remarked, between the
appearance of really new characters and the reappearance of long-lost
characters, evoked through the act of crossing. I will give an instance of
the difficulty in distinguishing such cases. The species of Datura may
e divided into two sections, those having white flowers with green stems,
and those having purple flowers with brown stems : now Naudin* crossed
Datura lavis and feroz, both of which belong to the white section, and
raised from them 205 hybrids. Of these hybrids, every one had brown
stems and bore purple flowers ; so that they resembled 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-species, and he discovered that the pure seedlings of D. feroz,
immediately after germination, had dark purple stems, extending from
the young roots up to the cotyledons, and that this tint remained ever
afterwards asa ring round the base of the stem of the plant when old. Now
1 have shown in the thirteenth chapter that the retention or exaggeration
of an early character is so intimately related o 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 stato of some ancient
progenitor.

Independently of the appearance of new characters from crossing, a few
words may bo added to what has been said in former chapters on the
unequal combination and transmission of the characters proper to the two
parent-forms. When two species or races are crossed, the offspring of

 This was the opinion of the elder 1887, p. 87, has discussed this samo
De Candolle, as quoted in * Dic. Class.  point.
@'Hist. Nat, tom. viii. p. 405. Puvis, % Comples Rendus, Novembre 21,
in his work, ‘De la Dégénération, 1864, p. 838.
.




Crmap. XXIL CAUSES OF VARIABILITY. 267

the first generation are generally uniform, but subsequently they display
an almost infinite diversity of character. He who wishes, says Kolreuter,”
to obtain an endless number of varieties from hybrids should cross and
Tecross them. There is also much variability when hybrids or mongrels
are reduced or absorbed by repeated crosses with either pure parent-form;
and a still higher degree of variability when three distinct species, and most
of all when four species, are blended together by successive erosses. Beyond
this point Giirtner, on whose authority the foregoing statements are made,
never succeeded in effecting a union; but Max Wichura  united six dis-
tint species of willows into a single hybrid. The sex of the parent-species
affects in an inexplicable manner the degree of variability of hybrids;
for Girtner “ repeatedly found that when a hybrid was used as the father,
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 same third species
as the father : thus scedlings from Dianthus barbatus erossed by the hybrid
D. clinensi-barbatus were more variable than those raised from this latter
hybrid fertilised by the pure D). barbatus. Max Wichura  insists strongly
on an analogous result with his hybrid willows. Again Giirtner  asserts
that the degree of variability sometimes differs in hybrids raised from re-
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 w see that, independently of the appearance of new charac-
ters, the variability of successive crossed 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 these same characters or to those of more ancient progenitors.

On the Manner and on the Period of Action of the Causes which
induce Variability—This is an extremely obscure subject, and
we need here only briefly consider, firstly, ‘whether inherited
variations are caused by the organisation being directly acted
on, or indirectly through the reproductive system ; and secondly,
at what period of life or growth they are primarily caused. We
shall see in the two following chapters that various agencies,
such as an abundant supply of food, exposure to a different
climate, increased use or disuse of parts, &e., prolonged during
several generations, certainly modify either the whole organi-
sation or certain organs. This direct action of changed con-
ditions perhaps comes into play much more frequently than can
be proved, and it is at least clear that in all cases of bud-

“ ‘Nova Acta, St. Petersburg, 1704, 1865, & 24.
p. 9L -4 Bastarderzengung, s. 452, 507

¢ Bastarderseugung,'s.507,516,572. % ¢ Die Bastardbefruchtuns,”
# ¢Die sithey S 5. 423
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variation the action cannot have been through the reproductive
system.

With respect to the part which the reproductive system takes in causing
variability, we have scen in the eighteenth chapter that even slight
changes in the conditions of life havo a remarkable power in causing a
greater or less degree of sterility. Henco it seems not improbable that
beings generated through a system so easily affected should themselves
be affected, or should fail to inherit, or inherit in excess, characters
proper to their parents. We know that ceptain groups of organic beings,
but with exceptions in each group, have their reproductive systems much
more easily affected by changed conditions than other groups; for in-
stance, carnivorous birds more readily than carnivorous mammals, and
parrots more readily than pigeons; and this fact harmonizes with the
apparently 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 having their reproductive powers more or less affocted,—
and the variability of anciently cultivated plants. Max Wichura ® has
gone one step farther, and shows that with many of our highly cultivated
Dlants, such as the hyacinth, tulip, auricula, snapdragon, potato, cabbage,
de., which there is 1o reason to believe have been hybridized, the anthers
contain many irregular pollen-grains, in the same state as in hybrids.
Ho finds also in certain wild forms, the same coincidencé between the state
of the pollen and a high degree of variability, as in many species of Rubus ;
but in R. casius and idaus, which are not highly variable species, the
pollen is sound. Tt is also notorious that many cultivated plants, such
as the banana, pine-apple, breadfruit, and others previously mentioned,
haye their reproductive organs so seriously affected as to be gencrally
quite sterile; and when they o yield seed, the seedlings, judging from the
large number of cultivated races which exist, must bo 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,
vet, as we have previously seen, they yield more seed, and our anciently
domesticated animals are more prolific, than the corresponding species in
a state of nature. The peacock is almost the only bird which is believed
to be less fertile under domestication than in its native state, and it has
varied in a remarkably small degree. From these considerations it would
seem that changes in the conditions of life lead either to sterility or to varia-
bility, or to both; and not that sterility induces variability. On the whole
it is probable that any cause affecting the organs of reproduction would
likewise affect their product,—that is, the offspring thus generated.

{7 ‘Dritte Fortsetaung, &c.,1766,5.85. Berkeley on the same subject, in
 ‘Die Bastardbefruchtung,” &, ‘Journal of Royal Hort. Soc., 1866,
1865, 5. 92: see also the Rev. M. J. p. 80.
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Tho period of lifo at which the catises that induce variability act, is
another obsoure subjoet, which has been discussed by vatious authors® In
o of the cases, o be given in tho following chapter, of ‘modifications from
The direct action of changed conditions, whicharo inherited, there can be no
Yot that the causes have acted on the mature or nearly maturo animal.
On tho other hand, monstrosities, which cannot be distincly separated
from losser varistions, ar often caused by tho embryo being injured whilst
in the mother's womb or in the egg. Thus L Geoffroy St Hilaire™ asserts
that poor women who work hard during theix pregnancy, and the mothers
of illegitimate children troubled in their minds and forced to conceal their
Stato, are far more liablo to give birth to monsters than Wome in easy
e vmstances. The eggs of the fowl when placed upright or otherwise
treatod unnaturally froquently produco monstrous chickens. 1t would,
ewoer, appear that complex monstrosities aro induced moro frequently
during s rather late than during a very early period of embryonic life;
e this may partly result from some one part, which has becn injured
during an early period, affeoting by its abnormal ‘growth other parts subse-
quently doveloped; and this would be less Tikely to ocour with parts
Snjured at a lator period® When any prt or Orgun ‘ecomes monstrous
Hhrough abortion, a rudiment is generally loft, and his likewise indicates
that its development had already commenced.

Taseots sometimes have their antenni2 or lgs in a monstrous condition,
and yet the larve from which they are ‘metamorphosed do ot possess
Sithor antennie or legs; and in theso cascs, as Quatrefages # believes, Wo
oo anabled to sce the precise period at which the normal progress of deve-
lopment has been troubled. Butthe nature of the food given to a caterpil
smetimes affects the colours of tho moth, without the caterpillar itself
being afected; therefore it seems possiblo that other characters in the
Ioaturs inscet might be indireotly modified through the larvis. There is
o reason o suppose that organs which have been rendered monstrous
have always becn acted on during their development ; tho canse iy havo
actod on the organisation at a much earlior stage. Itis even probable that
thor the male or female sexual clements, or both, before their union, may
e Hected in such a monnor as to load to modifications in oxBAnS de-
veloped. at & lute period of lfe; in nearly he same mannch4s & child may
Tehentt from his father a isease whioh does not appear until old age.

o ceondance with the facts above given, which prove that in many
casos  elose relation exists between variability and the sterility following
from ehanged conditions, we may conclude that the exciting cause often
Bt tho carliest possible period, namely, on the sexual elements, before
impregnation has taken place. That an affection of the female sexusl
Viemont may induce variability we may likewise infer a5 ‘probable from the
& eponce of bud-variations; fora bud seems to be tho analoguo of an ovule.
Syt tho male element is apparently much oftener affected by changed con-

49 Dr. P. Lucas has s Tdem, tom. iii. pp. 392, 502
ofopinion on this subjeet: ‘Hiéréd. Nt 2 feo hie interesting work, ¢ Méta-
1847, tom. i. p. 175. morphoses do 'Homme; &c., 1862, p-
40 'Hist. des Anomalies, tom.iii.p.499. 129




270 CAUSES OF VARIABILITY. Cnap, XXII

variable, the offspring were variable.

Summary, — From the facts given in this chapter, we
may conclude that the variability of organic beings under
domestication, although so general, is not an inevitable con-
tingent on growth and reproduction, but results from the
conditions to which the parents have been exposed. Changes
of any kind in the conditions of life, even extremely slight
changes, often suffice to cause variability. Excess of nutriment,
is perhaps the most efficient single exciting cause, Animals
and plants continue to be variable for an immense Pperiod after
their first d ication ; but the diti to which they
are exposed never long remain quite constant. In the course of
time they can be habituated to certain changes, 50 as to become
less variable; and it is possible that when first domesticated
they may have been even more variable than at present.
There is good evidence that the power of changed conditions
accumulates; so that two, three, or more generations must be
exposed to new conditions before any effect is visible, The
crossing of distinet forms, which have already become variable,
Increases in the offspring the tendency to furthey variability, by
the unequal commingling of the characters of the two parents,
by the reapy of long-lost ch and by the appear-
ance of absolutely new characters. Some variations are induced
by the direct action of the surrounding conditions on the whole
organisation, or on certain parts alone, and other variations are
induced indirectly through the reproductive  system being
affected in the same manner s is 50 common with organic
beings when removed from their natural conditions. The causes
which induce variability act on the mature organism, on the
embryo, and, as we have good reason to believe, on both sexual
elements before impregnation has been effected.

# * Dritte Fortsetzung,” &c., s, 123; “Bustarderzeugung,’ s, 249,
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CHAPTER XXIIL

. DIRECT AND DEFINITE ACTION OF THE EXTERNAL CONDITIONS
OF LIFE.

SLIGHT MODIFICATIONS IN PLANTS FROM THE DEFINITE ACTION OF CHANGED CONDI-
TIONS, IN SIZE, COLOUE, CHEMICAL PROPERTIES, AND IN THE STATE OF THE TISSUES
— LOCAL DISEASES — CONSPICUOUS MODIFICATIONS FROM CHANGED CLIMATE OR
FOOD, ETC. — PLUMAGE OF BIRDS AFFECTED BY PECULIAR NUTRIMENT, AND BY
g OF POTSON — OF ORGANIC
BEINGS IN A STATE OF NATURE THROUGH THE DEFINITE ACTION OF EXTERNAL CON-
DITIONS — COMPARISON OF AMERICAN AND EUROPEAN TREES — GALLS — EFFECTS
OF PARASITIC FUNGI — CONSIDERATIONS OPPOSED TO THE BELIEF IN THE POTENT
INFLUENCE OF CHANGED EXTERNAL CONDITIONS — PARALLEL SERIES OF VARIETIES
— AMOUNT OF VARIATION DOES NOT CORRESPOND WITH THE DEGREE OF CHANGE IN
THE CONDITIONS — BUD-VARIATION — MONSTROSITIES PRODUCED BY UNNATURAL
TREATMENT — SUMMARY, y

Ir we ask ourselves why this or that character has been modi-
fied under domestication, we are, in most cases lost in utter
darkness. Many naturalists, especially of the French school,
attribute every modification to the “monde ambiant,” that is, to
changed climate, with all its diversities of heat and cold, d

and dryness, light and electricity, to the mature of the soil,
and to varied kinds and amount of food. By the term definite
action, as used in this chapter, I mean an action of such a nature
that, when many individuals of the same variety are exposed
during several generations to any change in their physical
conditions of life, all, or nearly all the individuals, are modified
in the same manmer. A new sub-variety would thus be pro-
duced without the aid of selection.

I do not include under the term of definite action the effects
of habit or of the increased use and disuse of various organs.
Modifications of this nature, no doubt, are definitely caused by
the conditions to which the beings are subjected; but they de-
pend much less on the nature of the conditions than on the laws
of growth; hence they are included under a distinct head in the
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following chapter. We know, however, far too little of the
causes and laws of variation to make a sound classification.
The direct action of the conditions of life, whether leading to
definite or indefinite results, is a totally distinct consideration
from the effects of natural selection; for natural selection
depends on the survival under various and complex circum-
stances of the best-fitted individuals, but has no relation
whatever to the primary cause of any modification of structure,
+ Iwill first give in detail all the facts which T have been able to
collect, rendering it probable that climate, food, &c., have acted
50 definitely and powerfully on the organisation of our domesti-
cated productions, that they have sufficed to form new sub-
varieties or races, without the aid of selection by man or of
natural selection. 1 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 each kingdom of Europe, and formerly
even in each district. of England, we are at first strongly
inclined to attribute their origin to the definite action of the
physical conditions of each country; and this has been the
conclusion of many authors. But we should bear in mind
that man annually has to choose which animals shall be pre-
served for breeding, and which shall be slaughtered. We have
also seen that both methodical and unconscious selection were
formerly practised, and are now occasionally practised by the
most barbarous races, to a much greater extent than might have
been anticipated. Hence it is very difficult to judge how far
the difference in conditions between, for instance, the several dis-
tricts in England, could have sufficed without the aid of selection
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 Gireat Britain, and still
retain the same ck the diffe in conditions between
the several districts could not have modified in so marked a
manner the various native races of cattle, sheep, pigs, and
horses.  The same difficulty of distinguishing between selection
and the definite effects of the conditions of life, is encountered in
a still higher degree when we compare closely allied natural
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forms, inhabiting two countries, such as North America and
Europe, which do not differ greatly in climate, nature of soil, &e.,
for in this case natural selection will inevitably and rigorously
have acted during a long succession of ages.

From the importance of the difficulty just alluded to, it will be advisable
o give as large a body of facts as possible, showing that extremely slight
differences in treatment, either in different parts of the same country, or
during different seasons, certainly causo an appreciable cffect, at least on
varieties which are already in an unstable condition. Ornamental flowers
are good for this purpose, as they are highly variable, and are carefully
observed, All floriculturists are unanimous that certain varieties are
affected by very slight differences in the naturo of the artificial compost in
which they are grown, and by the natural soil of the district, and by the
season. ‘Thus, a skilful judge, in writing on Carnations and Picotees,!
asks “where can Admiral Curzon be seen possessing the colour, size, and
“ strength which it has in Derbyshiro? Where can Florw’s Garland be
“ found equal to those at Slough? Where do high-coloured flowers revel
“ botter than at Woolwich and Bimingham? Yet in no two of these
« districts do the same varicties attain an equal degree of excellence,
“ although each may be receiving the attention of the most skilful culti-
“ vators” 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 such
“ attention all hope of gencral success will be vain.” So it is with the
Dahlia:* the Lady Cooper rarely succeeds near London, but does admirably
in other districts; the reverse holds good with other varieties; and again,
there are others which succeed equally well in various situations. A skilful
gurdener? states that he procured cuttings of an old and well-known
variety (pulchells) of Verbena, which from baving been propagated in o
different situation presented a slightly different shade of colour; the two
varicties were afterwards multiplied by cuttings, being carcfally kept
distinet; 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 especial influence on certain varieties
of the Dahlia: in 1841 two varicties were pre-eminently good, and the
next year theso same two were pre-eminently bad. A famous amateur ¢
asserts that in 1861 many varieties of the Rose came so untrue in cha-
racter, “that it was hardly possible to recognise them, and the thought
“was not seldom entertained that the grower had lost his tally.” The
same amateur states that in 1862 two-thirds of his Auriculas produced
central trusses of flowers, and these are remarkable from not keeping true;

1 ¢Gardener's Chronicle, 1853, p. 3 Mr. Robson, in ‘Journal of Horti-
183. culture,” Feb. 13m, 1866, p. 122.

2 Mr. Wildman, *Floricultural Soe., 4 ‘Journal of Horticulture,’ 1861, p.
Feb. 7, 1843, reported in * Gard. Chron. s

1843, . © Thid,, 1862, p.
VOL. IT. T
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and he adds that in some seasons certain varieties of this 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 Calceolarins
tended to assume a tubular form.  With Heartseaso” the blotched sorts do
not acquire their proper character until hot weather sets in; whilst other
varieties lose their beautiful 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 seedlings
from the Punch Pelargonium, and not one had variegated leaves; but at
Surbiton, in Surrey, one-third, or even a greater proportion, of the seed-
lings from this same variety were more or less variegated. The soil of
another district in Surrey has a strong tendency to cause variegation, as
appears from information given me by Sir F. Pollock. Verlot® states that
the variegated strawberry retains its character as long as grown in a dryish
soil, but soon loses it when planted in fresh and humid soil. Mr. Salter,
who is well known for his success in cultivating variegated plants, informs
mo that Tows of strawberries were planted in his garden in 185, in the
usual way; and at various distances in one row, several plants simulta-
neously became variegated, and what made the case more extraordinary,
all were varicgated in precisely the same manner. These plants were
removed, but during the three succeeding years other plants in the
Tow became variegated, and in no instance were the plants in any adjo
Tow affected.

The chemical qualities, odours, and tissues of plants are often modified
by a change which seems to us slight. The Hemlock is said not to yield
conicine in Scotland. The root of the Aconitum napellus becomes innocuous
in frigid climates. The medicinal properties of the Digitalis are easily
affected by culture. The Rhubarb flourishes in England, but does not
produce the medicinal substance which makes the plant so valuable in
Chinese Tartary. As the Pistacia lentiscus grows abundantly in the South
of France, the climate st suit it, but it yields no mastic. The Laurus
sussafras in Europe loses the odour proper fo it in North America®
Many similar facts could be given, and they are remarkable because it
might have been thought that definite chemical compounds would have
een little Tiable 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 Oak-tree when grown at the Cape of
Good Hope Hemp and flax, as I hear from Dr. Falconer, flourish and
yield plenty of sced on the plains of India, but their fibres are brittle

Gard. Chron,,’ 1843, p. 660. Dalibert's Experiments, quoted by

.
7 Thid, 1863, p. 628. Beckspan, ‘ Inventions,” vol. ii. p. 844;
* ¢Journal of Hort,' 1861, pp. 64, and Nees, in Ferussac, ¢ Bull, des Sc.

X Nat,' 1824, tom. i. p. 60. With respect
9 ¢ Des Varidtés, &, p. 76. 0 the thubarb, &c., see also ¢ Gardener's
“ Engel, ‘Sur les Prop. Médicales  Chronicle, 1849, p. 855; 1862, p.
des Plantes, 1860, pp. 10, 25. On 1125,
changes in the odours of plants, see " Hooker,  Flora Indiea,’ p. 32.
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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
dm

g

The fruit of the Melon is greatly influenced by slight differences in cul-
ture and climate. Hence it is generally a better plan, according to Naudin,
to improve an old kind than to introduce a new one into any locality.
The sced of the Persian Melon produces near Paris fruit inferior to the
poorest market kinds, but at Bordeaux yields delicious fruit® Seed is
annually brought from Thibet to Kashmir and produces fruit weighing
from four to ten pounds, but plants raised from seed saved in Kashmir
mext year give fruit weighing only from two to three pounds. Tt is well
known that American varieties of the Apple produce in their native land
magnificent and brightly-coloured fruit, but in England of poor quality
and a dull colowr. In Hi there are many varieties of the Kidney-
bean, remarkable for the beauty of their sceds, 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 North to the South of France, and reversely, produced on the weight
of the grain.

When man can perceive no change in plants or animals
which have been exposed to a new climate or to different treat-
ment, insects can sometimes perceive a marked change. The
same species of cactus has been carried to India from Canton,
Manilla, Mauritius, and from the hot-houses of Kew, and there
is likewise a so-called native kind, formerly introduced from
South America; all these plants are alike in appearance, but the
cochineal insect flourishes only on the native kind, on which it
thrives prodigiously.® Humboldt remarks™ that white men
“born in the torrid zone walk barefoot with impunity in the
same apartment where a European, recently landed, is exposed
to the attacks of the Pulex penetrans.” This insect, the too
well-known chigoe, must therefore be able to distinguish what
the most delicate chemical analysis fails to distinguish, namely,
a difference between the blood or tissues of a European and
those of a white man born in the country. But the discernment
of the chigoe is not so surprising as it at first appears; for

» Nuudin, ‘Annales des Se. Nat,’ % Royle, ‘Productive Resources of
4th series, Bot., tom. xi., 1859, p. 81 India,’ p. 59.
¢ Gardener’s Chronicle, 1859, p. 464. 1 Personal Narrative, Eng. translat.,
B Moorcroft’s ¢ Travels,’ &, vol. ii.  vol.v. p. 101. This statement has heen
. 143, confirmed by Karsten (‘Beitrag zvr
M ¢Gardener’s Chronicle, 1861, p.  Kenntniss der Rlynchoprion Moscow,
113, 1864, 5. 39), and by others.
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according to Liebig " the blood of men with different complexions,
though inhabiting the same country, emits a different odour.

Diseases peculiar to certain localities, heights, or climates, may be hero
briofly noticed, as showing the influence of external circumstances on the
human body. _Discases confined to certain races of man do not concerty
s, for the constitution of the race may play the moro important part, and
this may have boen determined by unknown causes. Tho Plica Polonica
stands, in this Tospeet, in a nearly intermediate position; for it rarely affects
Gormans, who inhabib the neighbourhood of the Vistula, whero so many
Polos aro griovously affected ; and on the other hand, it does not affect
Tussians, who aro said to belong to the same original stock with the
Polos® "The clevation of a district often governs the appearance of
isonses; in Mexico the yellow fover docs not extend abovo 924 métres;
and i Peru, people are affccted with the verugas only between 600 and
1600 mdtres above the sca; many ofher such cases could e given.
‘A poculiar cutaneous complain, called. the Jouton " Alep,affeets in Aleppo
antl some neighbouring districts almost every native infant, and some fow
Strangors ; and it scems fairly well established that this singular complaint
Qopends on drinking certain waters. In the healthy littlo island of
St Holenn, tho scarlet-fever is dreaded like the Plague; analogous fucts
Tavo been observed in Chili and Mexico® Even in the different depart-
ments of France it is found that the various infirmities which render tho
conseript unt for serving in the army, prevail with remarkable inequality,
roveoling, as Boudin observes, that many of them are endemic, which
othorwise, would never have boen suspected® Any one who will study
tho distribution of diseaso will bo struck with surprise at what slight

i in the d overn the mature and
cevenity of the complaints by which man is at least temporarily affected.

The modifications as yet referred to have been extremely
slight, and in most cases have been caused, as far as we can
judge, by equally slight changes in the conditions. But can it
be safely maintained that such changed conditions, if acting
during a long series of generations, would not produce a marked
offect? Tt is commonly believed that the people of the United
States differ in appearance from the parent Anglo-Saxon race ;
and selection cannot have come into action within so short a
period. A good observer # gtates that a general absence of fat,

7 ¢ Organic Cheistry, Eng. translat,,  taken from Dr. Boudin's « Géographiic
1t edit., p. 869. ot do Statistique Médicales,’ 1857, tom.

 Prichrd, ¢ Phys. Hist, of Maukind,' . p. xliv. and lii.; tom. il. p. 810.
1851, vol. i. p. 155 1, Desor, quoted in the ¢ Anthrop.

1 Darwin, Journal of Researches,’ * 1863, p. 180. For much confirm
1845, p. 434 tory evidence, see Quatrefages, ‘ Unité

3 s statements on disease are  do I'Especc Humaine,’ 1561, p. 131.




Caae, XXIIL CONDITIONS OF LIFE. 217

a thin and elongated neck, stiff and lank hair, aro the chiel
characteristics. The change in the nature of the hair is sup-
posed to b caused by the dryness of the atmosphere. 1f im-
migration into the United States were now stopped, who can
say that tho character of the whole people would not be greatly

modified in the course of two or three thousand years?

Tho direct and definite action of changed conditions, in contradis-
tinotion fo the sccumulation of indefinite variations, seems to me so
important that T will give a large additional body of misccllancons facts.
With plants, n considerable change of climate sometimes produces & con-
spicuous result, 1 have given in detail in the ninth chapter the most
T narkable case known to me, namely, that in Germany several varieties
e aaize brought from the hotter parts of Ameriea wero transformed
fn the course of only two or three gonerations. Dr. Faleoner informs
o that he has seen the English Ribston-pippin apple, a Himalayan
yrus, all assume in the hotter parts of India a fastigate
or pyramidal habit; and this fact is the more interesting, 0s Chinese
tropieal species of Pyrus naturally has his habit of growth. Although
in Gheso casos tho changed manner of growth seems fo have been
direotly cansed by tho great heat, wo know that many fustigate trecs have
originated in their temperate homes. In the Botanio Gardens of Ceylon
tho apple-treo “sends out mumerons runners under ground, which con’
tinually riso into small stems, and form a growth around the parent-tree.”
o variotios of the cabbage which produce heads in Europe fail to do so
in cortain tropical countries® The Eododendron ciliatum produced at
Kexy flowers so much larger and paler-coloured. than those which it hears
on its native Himalayan mountain, that Dr. Hooker® would hardly mvo
Focognised the species by the flowers alone, Many similar fucts with
rospect to the colour and size of flowers could be given.

Do experiments of Vilmorin and Buckman on carrots and parsnips
prove that abundant mutriment produces a definite and inheritable effect
D so-ealled roots, with scarcely any change in other parts of the plant.
Qtum directly influences the colour of the flowers of the Hydrangea
Dryness scems generally to favour the hairyness or villosity of plants.
Givtner found that hybrid Verbascums became extremely woolly when
grown in pots. M. Masters, on the other hand, states that the Opuntic
il s well clothed with beautiful white hairs when grown in o
« damp heat; butin a dry heat exhibits none of this peculiarity.” Slight
variations of many kinds, not worth specifying in detail, are rotained only as

2 Ceylon, by Sir J. E. Tement, % « Journal of Hort. Soc.," ol . p. 160.
vol. i., 1859, p. 89. % Ses Lecog on the Villosity of

k Godron Do IEspbce; tom. i p.  Plants, *Geograph. Bot. tom. iil
52, 987,291 ; Girtner,  Bastarderz.,”

s « Journal of Horticultural Soc” Dr. Musters, on the Opuntia, in * Gard.
vol. vil., 1832, p- 7. Chronicle,” 1846, p. 444
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long as plants are grown in certain soils, of which Sageret® gives from his
own experience some instances. Odart, who insists strongly on the per-
manence of the varieties of the grape, admits® that some varieties, when
grown under a different climate or treated differently, vary in an extremely
slight degree, as in the tint of the fruit and in tho period of ripening.
Some authors have denied that grafting causes even the slightest difference
in the scion; but there is sufficient evidence that the fruit is sometimes
slightly affected in size and flavour, the leaves in duration, and the flowers
in appearance.®

With animals thero can be no doubt, from the facts given in the first
chapter, that European dogs deteriorate in India, not only in their instincts
but in structure; but the changes which they undergo are of such a
mature, that they may be partly due to reversion to a primitive form,
as in the case of feral animals. In parts of India the turkey bocomes
reduced in size, “ with the pendulous appendago 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 changed food, or
from taking little excrcise. From the direct action of a humid climate
and poor pasture the horse rapidly decreases in size in the Falkland
Islands. From information which I have received, this seems likewise to
be the case to a certain extent with sheep in Australi.

Climate definitely influences the hairy covering of animals; in tho West
Indies a great change is produced in the flecce of sheep, in about three
generations. Dr. Falconer states® that the Thibet mastiff and goat, when
brought down from the Himalaya to Kashmir, loso 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 fleeco to the severe
winters, and its silky Tustro to the hot summers. Burnes states positively™
that the Karakool sheep lose their peculiar black curled flocces when
removed into any other country. Even within the limits of England,
1 have been assured that with two breeds of sheep the wool was slightly
changed by the flocks being pastured in different localities® It has been
asserted on good authority* that horses kept during several years in the
deep coal-mines of Belgium become covered with velvety hair, almost like
that on the mole. These cases probably stand in close relation to the
natural change of coat in winter and summer. Naked varieties of several
domestic animals have oceasionally appeared ; but there is 1o reason to

7 ¢ Pom. Phys.,’ p. 186. # ‘Natural History Review, 1862,
= ¢ Ampelographie,’ 1849, p. 19, p. 118,

® Girtner, * Bastarderz.,’ s. 606, has % *Jounal of Roy. Geographical
collected nearly all recorded facts. Soc. vol. ix., 1839, p. 275.

Andrew Knight (in ‘Transact. Hort. 3 <Travcls in Bokhara,’ vol. iii. p.
Soc.. vol. fi. p. 160) goes so far as to  151.
maintain that few varieties are abso- ¥ Seo also, on the influenco ofmarshy
lutely permanent in character when pastures on thewool,Godron, T/ Espice,
propagated by buds or grafts. tom. ii. p. 22.

@ Mr. Blyth, in * Annals and Mag. of % Isidore Geoftroy St. Hilaire, ¢ Hist.
Nat. Hist, vol. xx,, 1847, p. 391 Nat. Gén,, tom. iii. p. 438.
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believe that this is in any way related to the nature of the climate to which
they have been exposed.*

Tt appears at first sight probable that the increased size, the tendency to
fatten, the early maturity and altered forms of our improved cattle, sheep,
and pigs, have directly resulted from their abundant supply of food. This
is the opinion of many competent judges, and probably is fo a great extent
true. But as far as form is concerned, we must not overlook the equal
or more potent influence of lessened use on the limbs and lungs. We see,
moreover, as far as size is concerned, that selection is apparently a more
powerful agent than a large supply of food, for we can thus only account
for the existence, as remarked fo me by Mr. Blyth, of the largest and
smallest breeds of sheep in the same country, of Cochin-China fowls and
Bantams, of small Tumbler and large Runt pigeons, all kept together and
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 selection. For instance, Prof.
Rittimeyer® shows that the bones of all domesticated quadrupeds can be
distinguished from those of wild animals by the state of their surface
and general appearance. 1t is scarcely possible to read Nathusius's excel-
Ient * Vorstudien,® and doubt that, with the highly improved races of
the pig, abundant food has produced a conspicuous effect on the general
form of the body, on the breadth of the head and face, and even on the
teeth. Nathusius rests much on the case of & purely bred Berkshire pig,
which when two months old became diseased 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 a long,
narrow head, of large size relatively to its small body, and elongated legs.
But in this case and in some others we ought not o assume that, because
certain characters are lost, perhaps through reversion, under one course
of treatment, therefore that they had been at first directly produced by an
opposite course.

In the case 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 have to consider in addition
the tendency to reversion to progenitors more or less remote, and the
natural selection of the finest shades of difference.

The nature of the food sometimes either definitely induces certain pecu-
Larities, or stands in some close relation with them. Pallas long ago
asserted that the fat-tailed sheep of Siberia degenerated and lost their enor-

% Azara has made some good remarks  Soe,,’ 1856, p. 38.
on this subject, ‘Quadrupbdes du ¥ ‘Die Faunader Phahlbauten, 1861,
Pamguay, tom. ii. p. 337. Seo an s 15

account of u family of naked mice 3 Schweinschwdel, 1864, 5. 99.
produced in England, ¢ Proc. Zoolog.
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Erman® states that this occurs with the Kirgisian sheep when brought to
Orenburgh.

Tt is well known that hemp-seed and certain other birds
to become black. Mr. Wallace has communicated to me some much more
remarkable facts of the same nature. The natives of the Amazonian
Tegion feed the common green parrot (Clhrysotis festiva, Linn.) with the fat
of large Siluroid fishes, and the birds thus treated become beautifully
variegated with red and 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
rajalor King-Lory. These parrots in the Malay Islands and South
America, when fed by the natives on natural vegetablo food, such as rice
and plantains, rotain their proper colours. Mr. Wallace has, also, re-
corded® a still more singular fact. “The Indians (of §. America) have
“ a curious art by which they change the colours of the feathers of many
“birds. They pluck out thoso from the part they wish to paint, and
“ inoculate the fresh wound with the milky secretion from the skin of &
« small toad. The feathers grow of a brilliant yellow colour, and on being
“ plucked out, it s said, grow again of the same colour without any fresh
“ operatior

Fbchinilis Sdoss b snbestuins 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 affccted by the
abundance of lime in different districts. Isidore Geoffroy St. Hilaire®
gives the case of Helix lactea, which has recently been carried from Spain to
the South of France and to the Rio Plata, and in both these 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. Buck-
land 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
remarkable case of the same nature, namely, that young shells taken
from the shores of England and placed in the Mediterrancan, at once
altered their manner of growth and formed prominent diverging rays, like
those on the shells of the proper Mediterranean oyster. The same indi-
vidual shell, showing both forms of growth, was exhibited before a society
in Paris. Lastly, it is well known that caterpillars fed on different food
sometimes cither themselves acquire a different colour or produce moths
different in colour.4t

@ ‘vaels in Siberia,' Eng. translat, 4 See an account of Mr. Gregson's

vol. i. p. 2 experiments on_the Abrazus grossu-
NS Wallacu, ‘Travels on the lariata, ‘ Proc. Entomolog. Soc,’ Jan.
Amazon and Rio Negro, p. 204. 6th, 1862: these experiments have
# ¢Naturgeschichte der Stubenvigel,  been confirmed by Mr. Greening, in
1840, s. 262, 308. ‘Proc. of the Northern Entomolog.
“ ¢Hist. Nat. Gén,," tom. iii. p. 402.  Soc,’ July 28th, 1862. rox the efficts
# <Bull. do la Soc. Imp, ’Acclimat,’  of food on caterpillars, see a curious

tom, viii, p. 851. account by M. Michely, in ~nu1| dela
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1t would be travelling beyond my proper limits here to discuss how far
organic beings in a stato of nature are definitely modified by changed con-
ditions. Tn my *Origin of Species’ I have given a brief abstract of the
fuets bearing on this point, and have shown the influence of light on the
colours of birds, and of residence near the sea on the lurid tints of insects,
and on the succulency of plants. Mr. Herbert Spencer has recently dis-
cussed with much ability this whole subject on broad and general grounds.
Ho argues, for instance, that with all animals the external and internal
tissues are differently acted on by the surrounding conditions, and they
invariably differ in intimate structure. - So again the upper and lower sur-
faces of true leaves, as well as of stems and petioles, when thoso assume the
function and occupy the position of leaves, are differently circumstanced
with respect to light, &e., and apparently in consequence differ in struc-
fure. But, as Mr. Herbert Spencer admits, it is most difficult in all such
cases to distinguish between the effects of the definito action of physical
conditions and the accumulation through natural selection of inherited
variations which are serviceable to the organism, and which have arisen
independently of the definite action of these conditions.

Although we are not here concerned with organic beings in
a state of nature, yet I may call attention to one case. Mr.
Meehan,* in a ‘kable paper, comy y-nine kinds of
American trees, belonging to various orders, with their nearest
Furopean allies, all grown in close proximity in the same garden
and under as nearly as possible the same conditions. In the
American species Mr. Meehan finds, with the rarest exceptions,
that the leaves fall earlier in the season, and assume before
falling 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 small 11 in ison with the correspondi
Turopean species. Now, considering that these trees belong to
distinet orders, it is out of the question that the peculiarities
just specified should have been inherited in the one continent
from one progenitor, and in the other from another progenitor ;
and considering that the trees inhabit widely different stations,
these peculiarities can hardly be supposed to be of any special

Soc. Tmp. d’Acclimat.,” tom. viii. p. 563.
For analogous facts from Dahlbom on
Hymenoptera, see Westwood’s * Modern
Class. of Insects,” vol. ii. p. 98. See also
Dr. L. Miller, Die Abhingigkeit der
Insecten,’ 1867, s. 70.

% ¢The Principles of Biology,' vol.
ii. 1866. The present chapters *were

ritten before T had read Mr. Her-
bert Spencer’s work, so that T have not
Deen able to make so much use of it
as T should otherwise probably have
done.

4 < Proc. Acad. Nat. Soc. of Phila-
delphia,” Jan. 28th, 1862.
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service to the two series in the Old and New ‘Worlds ; there-
fore these peculiarities cannot have been naturally selected.
Hence we are led to infer that they have been definitely caused
by the long-continued action of the different climate of the two
continents on the trees.

Galls—Another class of facts, not relating to cultivated
plants, deserves attention. T allude 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 oak. Some of the latter resemble fruit, with one face as
rosy as the rosiest apple. These bright colours can be of no
service either to the gall-forming insect or to the tree, and
probably are the direct result of the action of the light, in the
same manner as the apples of Nova Scotia or Canada are
brighter coloured than English apples. The strongest upholder
of the doctrine that organic beings are created beautiful to please
mankind would not, I presume, extend this view to galls. Ac-
cording to Osten Sacken’s latest revision, no less than fifty-eight
kinds of galls are produced on the several species of oak, by Cynips
with its sub-genera ; and Mr. B. D. Walsh “ states that he can
add many others to the list. One American species of willow,
the Saliz humilis, bears ten distinct kinds of galls. The leaves
which spring from the galls of various English willows differ
completely in shape from the natural leaves. The young shoots
of junipers and firs, when punctured by certain insects, yield
monstrous growths like flowers and cones; and the flowers of
some plants become from the same cause wholly changed in
appearance.  Galls are produced in every quarter of the world ;
of several sent to me by Mr. Thwaites from Ceylon, some were as
symmetrical as a composite flower when in bud, others smooth
and spherical like a berry ; some protected by long spines,
others clothed with yellow wool formed of long cellular hairs,
others with regularly tufted hairs. In some galls the internal
structure is simple, but in others it is highly complex; thus
M. Lucaze-Duthiers® has figured in the common ink-gall no
less than seven concentric layers, composed of distinet tissue,

‘7 See Mr. B. D. Walshs excellnt 5 See his admirable Histoire des
papers in * Proc. Entomolog. Soc. Phila-  Galles, in * Annal. dos Se. Nat. Bot,’

delphia, Dec. 1866, p. 284. With respect  8rd series, tom. xix., 1853, p. 273,
to the willow, sce idem, 1864, p. 546.
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namely, the epidermic, sub-epidermic, spongy, intermediate,
and the hard protective layer formed of curiously thickened
woody cells, and, lastly, the central mass abounding with starch-
granules on which the larvee feed.

Galls are produced by insects of various orders, but the
greater number by species of Cynips. It is impossible to read
M. Lucaze-Duthier’s 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 order 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 com-
pletely developed before the larve are hatched. = Considering
that many gall-insects are extremely small, the drop of secreted
poison must be excessively minute; it probably acts on one
or two cells alone, which, being abnormally stimulated, rapidly
increase by a process of self-division. Galls, as Mr. Walsh®
remarks, afford good, constant, and definite characters, each kind
keeping as true to form as does any independent organic being.
This fact becomes still more remarkable when we hear that, for
instance, seven out of the ten different kinds of galls produced
on Saliz humilis are formed by gall-gnats (Cecidomyidee) which,
« though essentially distinct species, yet resemble one another
« 50 closely that in almost all cases it is difficult, and in some
« cases impossible, to distinguish the full-g; insects one from
« the other.”® For in accordance with a wide-spread analogy
we may safely infer that the poison secreted by insects so closely
allied would not differ mucli in nature ; yet this slight difference
is sufficient to induce widely different results. In some few
cases the same species of gall-gnat produces on distinct species
of willows galls which™cannot be distinguished; the Cynips
fecundatriz, 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 much more powerful

# Kirby and Spence’s ‘Entomology, _# Mr. B.D. Walsh, idem, p. 633 ; and

1818, vol. i. p. 450; Lucaze-Duthicrs, Dec. 1866, p. 275.

idem, p. 284, @ Mr, B. D. Walsh, idem, 1864, p.
% “Proc. Entomolog. Soc. Phila- 545, 411, 495; and Dec. 1866, p. 27,

delphia,” 1864, p. 558. See nlso Lucaze-Duthiers.
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agent in determining the form of the gall than the specific
character of the tree which is acted on.

As the poisonous secretion of insects belonging to various
orders has the special power of affecting the growth of various
plants;—asa slight difference in the nature of the poison suffices
to produce widely different results s—and lastly, as we know that
the chemical compounds secreted by plants are eminently liable
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 sud-
denly appears through bud-variation on a Provence-rose, with
the gall of red moss growing from the inoculated leaf of a wild
rose, with each filament, symmetrically branched like a micro-
scopical spruce-fir, bearing a glandular tip and secreting odo-
riferous gummy matter. Oy compare, on the one hand, the
fruit of the peach, with its hairy skin, fleshy covering, hard
shell and kernel, and on the other bhand one of the more
complex galls with its epidermic, spongy, and woody layers,
surrounding tissue loaded with starch granules. These normal
and abnormal structures manifestly present a certain degree
of resemblance. Or, again, reflect on the cases above given of
Pparrots 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.
Tam far from wishing to maintain that the moss-rose or the

to show us how powerfully and singularly external agencies
may affect structure, With such facts before us, we need
feel no surprise at the appearance of any modification in any
organic being,

T may, also, hero allude to the remarkable effects which parasitic fungi

sometimes produce on plants. Reissek* has deseribed a Thesium, affected
by an @cidium, which was greatly modified, and assumed some of the

# Lucaze-Duthiers, idem, pp. 325, 325,
** *Linnwa, vol. xvii,, 1843; quoted by Dr, M, T. Masters, Royal Institution,
March 16th, 1360,
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characteristic features of certain allied species, or even genera. Suppose,
says Reissek, “the condition originally caused by the fungus to become
« gonstant in the course of time, the plant would, if found growing wild,
« be considered as a distinct species or even as belonging to a new genus.”
1 quote this remark to show how profoundly, yet in how natural a manner,
this plant must have been modified by the parasitic fungus.

Facts and Considerations opposed to the belicf that the Conditions
of Life act in a potent manner in causing definite Modifications
of Structure.

I have alluded to the slight differences in species when
naturally living in distinct countries under different conditions ;
and such differences we feel at first inclined, probably to a
limited extent with justice, to attribute to the definite action
of the surrounding conditions. But it must be borne in mind
that there are a far greater number of animals and plants which
range widely and have been exposed to great diversities of
conditions, yet remain nearly uniform in character. Some
authors, as previously remarked, account for the varieties of our
culinary and agricultural plants by the definite action of the con-
ditions to which they have been exposed in the different parts
of Great Britain; but there are about 200 plants® which are
found in every single English county ; these plants must have
been exposed for an immense period to considerable differences
of climate and soil, yet do not differ. So, again, some birds,
insects, other animals, and plants range over large portions of
the world, yet retain the same character.

Notwithstanding the facts previously given on the occurrence of highly
peculiar local discases and on the strange modifications of structure in
plants caused by the inoculated poison of insects, and other analogous
cases; still there are a multitude of variations—such as the modified skull
of the niata ox and bulldog, the long horns of Caffre cattle, the conjoined
foes 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
specificd, of the external conditions of life. No doubt in every case there
must have been some exciting cause; but as we see inumerable indivi-
duals exposed to nearly the same conditions, and one alone is affected, we
may concludo that the constitution of the individual is of far higher

55 Hewett C. Watson, <Oybele Britanuica, vol. i, 1847, p. 11,
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importance than the eonditions to which i has boen exposed. Tt sooms,
indeed, to bo a general Tule that conspicuous variatios oceur rarely,

variation much more to innate differences of constitution, however caused,
5 - e

o vaxying in dircetly opposite ways, though kept during many genera-
tions under nearly the same conditions, - Some, for instance, are born with
their beaks, wings, tails, legs, &, a littlo longer, and oty with these
Sioe Darts a littlo shorter. By the long-continued selection of such
slight individual differences, which ocour in birds kept in the same aviary,
widely different races could certainly bo formed: and long-continued
election, important s i the rosult, does nothing but proserve the variations
Which appear to us to arise spontaneously.

In these cases we see that domesticated animals vary in an indefinite
number of particulars, though treated as uniformly as i possible. On the
other hand, there are instances of animals and plans, which, though exposed

they can be recognised. Nevertheless, from the fuots Dreviously advanced
on the authority of Mr. Mechan with respeot to American ang Buropean
forest-trees, it would be rash to affirm that varioties Taised. I the two

Carolina and. the Holy Land, where tho parent-plants my: have been
exposed to considerably different conditions ; yet the seedlings from both
Jocalities broke into two similar strains, ono with objuse Joaye. and purple
o rmson flowers, and tho other with clongated leaves and more L. less
pink flowers,

# * Gardener’s Chronicle, 1857, p. 629,
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We may, also, infer the prepotent influence of the constitution of the
* organism over the definite action of the conditions of life, from the several
cases given in tho earlier chapters of parallel series of varieties,—an im-
portant subject, hereafter to be more fully discussed. Sub-varieties of
the several kinds of wheat, gourds, peaches, and other plants, and to a
cerfain limited extent sub-varities of the fowl, pigeon, and dog, have been
shown either to resemble or to differ from each other in a closely corre-
sponding and parallel manner. In ofher cases, a variety of one species
st jes; or ioties of two distinct species resemble
each other. Although these parallel resemblances no doubt often resultfrom
reversion fo 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 to a tendency
fo vary in the same manner. We see something of a similar kind in the
i ing and ing many times in th imal,

and, as Dr. Maxwell Masters has remarked to me, in the same plant.

We may at least conclude thus far, that the amount of modi-
fication which animals and plants have undergone under domes-
tication, does not correspond with the degree to which they
have been subjected to changed circumstances. As we know
the parentage of domesticated birds far better than of most
quadrupeds, we will glance through the list. The pigeon has
varied in Europe more than almost any other bird; yet it is a
native species, and has not heen 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 serious
change in its habits than the pigeon or even the fowl, which
nevertheless have varied in a much higher degree. The goose,
a native of Europe and aquatic like the duck, has varied less
than any other domesticated bird, except the peacock.

Bud-variation is, also, important under our present point of
yiew. In some few cases, as when all the eyes or buds on the
same tuber of the potato, or all the fruit on the same plum-
tree, or all the flowers on the same plant, have suddenly
varied in the same manner, it might be argued that the varia-
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tion had been definitely caused by some change in the conditions
which the plants had been exposed ; yet, in other cases, such
an admission is extremely difficult, As new characters some-
times appear by bud-variation, which do not occur in the parent-
species or in any allied species, we may Teject, 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
treated differently, grown on its OWn roots and grafted on various
stocks, planted as g standard, against a wall, and under glass;

occasionally, at long intervals of time, a tree in England, or
under the widely-different climate of Virginia, produces a singlo
bud, and this yields a branch which ever afterwards bears nec-
tarines. Nectarines differ, as every one knows, from Ppeaches
in their smoothness, size, and flavour; and the difference is so

which the buds on the same tree are exposed? Yet one bud
alone, out of the many thousands borne by the same tree, has
suddenly without any apparent cause produped nectarine, But

the other half or three-quarters a Ppeach.  Again, seven or eight
varieties of the peach haye yielded by bud-variation nectarines :
the nectarines thus produced, no doubt, differ a little from
each other; but still they are nectarines, Of course there
must be some cause, internal or external, to excite the peach-
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relation to any particular variation, in comparison with the
organisation or constitution of the being which varies.

It is known from the labours of Geoffroy St. Hilaire, and
recently from those of Dareste and others, that eggs of the fowl,
if shaken, placed upright, perforated, covered in part with
varnish, &e., produce monstrous chickens. Now these monstro-
sities may be said to be directly caused by such unnatural con-
ditions, but the modifications thus induced are not of a definite
nature. An excellent observer, M. Camille Dareste,”” remarks
“that the various species of monstrosities are not determined
by specific causes; tho external agencies which modify the
« development of the embryo act solely in causing a pertur-
“ bation—a perversion in the normal course of development.”
He compares the result to what we sce in illness: a sudden chill,
for instance, affects one individual alone out of many, causing
either a cold, or throat, rh ori ion of the
lungs or pleura. Contagious matter acts in an analogous manner.®
‘We may take a still more specific instance : seven pigeons were
struck by rattle-snakes;* some suffered from convulsions; some
had their blood coagulated, in others it was perfectly fluid ; some
showed ecchymosed spots on the heart, others on the intestines,
&e. ; others again showed no visible lesion in any organ. It is
well known that excess in drinking causes different diseases in
different men 3 but men living under a cold and tropical climate
are differently affected :* and in this case we see the definite
influence of opposite conditi The fc ing facts app y
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
the early part of this chapter, that extremely slight changes in

§ “Mémoire sur la Production Arti-
fiille des Monstrostés’ 1862, pp. 127
&, cher

Pathology,” 1853, vol. i. p. 483.
 ‘Researches upon the Venom of

m Monstres,’ 1863, p. s An abstract
is given of Geoffroy's Experiments by
his son, in his ¢ Vie, Travaux, &e.,’ 1847,
D. 290.
3 Paget,
VOL. IL

“Lectures on  Surgical

the Rattle-snake, Jan. 1861, by Dr.
Mitclell . 67.

© Mr. Sedgwick, in ‘British and
Foreign Medico-Chirurg. Review, July
1863, p. 175.
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the conditions of life sometimes act in a definite manner on
our already variable domesticated productions; and, as the action
of changed conditions in causing general or indefinite varia-
bility is accumulative, so it may be with their definite action.
Hence it is possible that great and definite modifications of struc-
ture may result from altered conditions acting during a long
series of generations. In some few instances a marked effect,
has been produced quickly on all, or nearly all, the individuals
which have been exposed to some considerable change of climate,
food, or other circumstance, This has occurred, and is now
occurring, with European men in the United States, with Euro-
pean dogs in India, with horses in the Falkland Tslands, appa-
renly with various animals at Angora, with foreign oysters
in the Mediterranean, and with maize grown in Europe from
tropical seed. We have seen that the chemical compounds
secreted by plants and the state of their tissues aro readily
affected by changed conditions. Tn some cases a relation appa-
rently exists between certain characters and certain conditions,
so that if the latter be changed the character is lost—as with
cultivated flowers, with some few culinary plants, with the fruit
of the melon, with fat-tailed sheep, and other sheep having
peculiar fleeces.

The production of galls, and the change of plumage in parrots
when fod on peculiar food or when inoculated by the poison of o
toad, prove to us what great and mysterious changes in structure
and colour may be the definite result of chemical changes in the
nutrient fluids or tissues.

We have also reason to believe that organic beings in a state
of nature may be modified in various definito ways by the con.
ditions to which they have been long exposed, as in the cass
of American trees in comparison with their representatives in
Europe. But in all such cases it is most difficult to distinguish
between the definite results of changed conditions, and the ac-
cumulation through natural selection of serviceable variations
which have arisen independently of the nature of the conditions.
If, for instance, a plant had to be modified so as to become fitted
to inhabit a humid instead of an arid station, we have no reason
to believe that variations of the right kind would oceur more

1

frequently if the parent-plant inhabited a station a little more
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humid than usnal. 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 reason to believe from what we know in other cases.

Tn most, perhaps in all cases, the organisation or constitution
of the being which is acted on, is a much more impurtsmt
element than the nature of the changed conditions, in deter-
mlmng the nature of the variation. We have evidence of this
in the appearance of nearly similar modifications under different
conditions, and of different modifications under apparently nearly
the same conditions. We have still better evidence of this in
closely parallel varieties being frequently produced from distinct
races, or even distinet species, and in the frequent recurrence
of the same monstrosity in the same species. We have also seen
that the degree to which domesticated birds have varied, does
not stand in any close relation with the amount of change to
which they have been subjected.

To recur once again to bud-variations. When we reflect on
the millions of buds which many trees have produced, before
some one bud has varied, we are lost in wonder what the
precise cause of each variation can be. Let us recall the case
given by Andrew Knight of the forty-year-old tree of the yellow
magnum bonum plum, an old variety which has been propagated
by grafts on various stocks for a very long period throughout
Europe and North America, and on which a single bud sud-
denly produced the red magnum bonum. We should also
bear in mind that distinct varieties, and even distinct spe-
cies,—as in the case of peaches, mectarines, and apricots,—
of certain roses and camellias,—although sepamted by a vast
number of generations from Shys pmgemmr in common, and
although cultivated under di ditions, have yielded
by bud-variation closely analogous varieties. When we reflect
on these facts we become deeply impressed with the conviction
that in such cases the nature of the variation depends but little
on the conditions to which the plant has been exposed, and not
in any especial manner on its individual character, but much
more on the general nature or constitution, inherited from some
remote progenitor, of the whole group of allied beings to which
the plant belongs. We are thus driven to conclude that in most

v 2
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cases the conditions of life play a subordi 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 combustible 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
s 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. Tt will further be seen that certain variations
are bound together by correlation and other laws. Beyond this
we cannot at present explain either the causes or manner of
action of Variation.

Finally, as indefinite and almost illimitable variability is the
usual result of domestication and cultivation, with the same part
or organ varying in different individuals in different or even
in directly opposite ways; and as the same variation, if strongly
pronounced, usually recurs only after long intervals of time, any
particular variation would generally be lost by crossing, rever-
sion, and the accidental destruction of the varying individuals,
unless carefully preserved by man. Hence, although it must
be admitted that new conditions of life do sometimes definitely
affect organic beings, it may be doubted whether well-marked
races have often been produced by the direct action of changed
conditions without the aid of selection either by man or
nature.
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CHAPTER XXIV.

LAWS OF VARIATION — USE AND DISUSE, ETC.

NISUS or THE POWER OF THE — ox aE
EFFECTS OF THE INCREASED USE AND DISUSE OF ORGANS — CHANGED HAPITS OF
LIFE — ACCLIMATISATION WITH ANIMALS AND PLANTS — VARIOUS METHODS BY
WHICH THIS CAN BE EFFECTED — ARRESTS OF DEVELOPMENT — KUDIMENTARY
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—
arrests of lop rrelated variation—the cohesion of
homologous parts—the variability of multiple parts—compensa-
tion of growth—the position of buds with respect to the axis
of the plant—and lastly, analogous variation, These several
subjects so graduate into each other that their distinction is
often arbitrary.

Tt may be convenient first briefly to discuss that co-ordinating
and reparative power which is common, in a higher or lower
degree, to all organic beings, and which was formerly desig-
nated by physiologists as the nisus formativus.

‘Blumenbach and others® have insisted that the principle which permits
a Hydra, when cut into fragments, to develop itself into two or more
‘perfoct animals, is the same with that which causes a wound in the higher
animals fo heal by a cicatrice. Such cases as that of the Hydra are
evidently analogous with the division or fissi i

of the lowest animals, and likewise with the budding of plants. Between
these extreme cases and that of a mere cieatrice 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 these members; so that 687 perfect
Dones wero reproduced by one animal during one season. At whatever

1 ¢An Essay on Generation, Eng.  * <An Essay on Animal Reproduc-
translat., p. 18; Pagel, ‘Lectures on tion,’ Eng. translat., 1769, p. 79.
Surgieal Pathology, 1853, vol. . p. 209
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point the limb was et off, the deficient part, and no more, was exactly
reproduced. Even with man, as we have seen in the twelfth chapter,
When treating of polydactylism, the entire limb whilst in an embryonic
state, and digits, are ionally, though i {
reproduced after amputation. When a diseased bono has boen romoved,
4 mew one sometimes “gradually assumes the regular form, and all the,
“ aftachments of muscles, ligaments, ., becomo as complete s before.”s
This power of regrowth does not, however, always act perfoctly: the
reproduced tail of a lizard differs in the forms of the seales from tho normal
tail: with certain Orthopterous insects the large hind logs are reproduced
of smaller sizo:* the white cicatrice which in the higher anmals unitos
the edges of a deep wound is not formed of perfoct skin, for elastio
tissuo is not produced till long afterwards* “The activity of the nfsus
wJormativus,” says Blumenbach, *is in an fnverso ratio to the ago of the
© organised body.” To this may be added that its power is ‘groator in
animals the lower they are in the scale of organisation ; and animals low
in the scale correspond with the embryos of higher animals belonging to
the same class. Newport's observations® afford a good illustration of this
fact, for ho found that « myriapods, whose highest development scarcely
., curries them beyond tho larvee of perfect inseots, can rogencrate limbs anq
| antenngs up to the time of their last moult;” and so can the larvas of trae
insects, but not. tho mature insect. Salamanders correspond in develop-

Dossess to a largo extent the power of regrowth; but not so the matare
tailless Batrachians.

Absorption often plays an important part in the repairs of injurios,
When a bone is broken, and does not unito, the ends are absorbod ad
rounded, so that a falso joint is formed; or if the ends unite, but overlap,
the projecting parts are removed” But absorption comes fnto action, as
Virehow remarks, during tho normal growth of bones ; parts which aa
solid during youth become hollowed ont for th medullary tissue as iy
bone inereases in size. In trying to understand tho many well-adapted
cases of regrowth when aided by absorption, wo should remember thet
Thost Darts of the orgunisation, even whilst rotaining the same form,
undergo constant renewal; so that a part which was not ronewed wouly
naturally be liable to complete absortion,

Some cases, usually classed under the so-called misus formativus, at first
appear to come under a distinct head; for not only are old staotures
roproduced, but structures which appear now are formed. Thus, after
Inflammation * false membranes,” farnished with blood-vessels, Iymphatics,
and nerves, aro developed; or u fetus escapes from the Fallopian tubes,
4nd falls into the abdomen, “mature pours out a quantity of plastiy
¢ ymph, which forms itself into organised membrane, riohly suppliod with
** blood-vessels,” and the foetus is nourished for a time. In vertain cases of

* Carpenter's *Principles of Comp. & Paget, * Leotaros on Surgical Patho-

Physiology,’ 1854, p. 479, Togy,’ vol. i, p. 239,
 Clarlesworth's  Mag. of Nat, Hist,” ¢ Quoted by Carpenter, *Comp. Phys,

vol. i, 1837, p. 145, D479, 7 Paget, ‘ Lectures,” &c., p. 257,
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hydrocephalus the open and dangerous spaces in the skull arofilled up with
now bones, which interlock by perfect serrated sutures.* But most physiolo-
gists, especially on the Continent, have now given up the belief in plastio
Iymph or blastema, and Virchow? maintains that every structure, new or old,
s formed by the proliferation of pre-existing cells. On this view false mem-
Dranes, like cancerous or other tumours, are merely abnormal develop-
‘ments of normal growths; and we can thus understand how it is that they
resemblo adjoining structures ; for instance, that  false membrane in the
« gerous cavities acquires a covering of épithelium exactly like that which
« overs the original serous membrane; adhesions of the iris may become
“ black from the jon of pigment-cells like those of the
e nt

No doubt he powér of reparation, though not always quite perfect, is an
admirable provision, ready for various emergencies, even for those which
ocour only at long intervals of timeX' Yet this power is not more won-
derfal than the growth and development of every single creature, more
especially of those which are propagated by fissiparous generation. This
subject has been here noticed, because we may infer hat, when any part
or organ is cither greatly increased in size_or wholly suppressed through
~ariation and continued selection, the co-ordinating power of the organisa-
tion will continually tend to bring all the parts again into harmony with
each other.

On the Bffects of the Increased Use and Disuse of Organs.

Tt is notorious, and we shall immediately adduce proofs, that
increased use or action strengthens muscles, glands, sense-organs,
&o.; and that disuse, on the other hand, weakens them. I have
not met with any clear explanation of this fact in works on
Physiology. Mr. Herbert Spencer * maintains that when muscles
are much used, or when intermittent pressure is applied to the
epidermis, an excess of nutritive matter exudes from the vessels,
and that this gives additional development to the adjoining
parts. That an increased flow of blood towards an organ leads
to its greater development is probable, if not certain. Mr.
Paget thus accounts for the long, thick, and dark-coloured hair
which occasionally grows, even in young children, near old-
standing inflamed surfaces or fractured bones. When Hunter

5 Theso cases are given by Blumen- vol. i, 1853, p. 357.

bach in his ¢ Essay on Generation; pp. ' Paget, idem, p. 150.

52,58 % The Principles of Biology,’ vol.
3 ¢ Cellular Pathology; trans. by Dr. il 1866, chap. 8-5.

Ohance, 1860, pp. 27, 441.
10 Paget, ‘ Lectures on Pathology,

% ¢ Lectures on Pathology,’ 1853, vol.
il
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inserted the spur of a cock into the comb, which is well supplied
with blood-vessels, it grew in one case in a spiral direction 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. But
whether Mr. Herbert Spencer’s view of the exudation of nutritive
matter due to increased movement and pressure, will fully
account for the augmented size of bones, ligaments, and espe-
cially of internal glands and nerves, seems doubtful, Ac-
cording to the interesting observations of M. Sedillot," when
a portion of one bone of the leg or fore-arm of an animal is
removed and is not replaced by growth, the associated bone
enlarges till it attains a bulk equal to that of the two bones, of
which it has to perform the fanctions, This is best exhibited
in dogs in which the tibia has been removed ; the companion
bone, which is naturally almost filiform and not one-fifth the size
of the other, soon acquires a size equal to or greater than the
tibia.  Now, it is at first difficult to believe that increased weight
acting on a straight bone could, by alternately increased and
diminished pressure, cause nutritive matter to exude from the
vessels which p ite the peri L N heless, the obser-
vations adduced by Mr. Spencer, on the strengthening of the
bowed bones of rickety children, along their concave sides, leads
to the belief that this is possible.

Mr. H. Spencer has also shown that the ascent of the sap in
trees is aided Dy the rocking movement caused by the wind ;
and the sap strengthens the trunk « i proportion to the stress
“to be borne; since the more severe and the more repeated the
“strains, the greater must be the exudation from the vessels
“into the surrounding tissue, and the greater the thickening of
¢ this tissue by secondary deposits.”*  Bug woody trunks may
be formed of hard tissue without their having been subjected
to any movement, as we see with ivy elosely attached to old
walls.  In all these cases, it is very difficult to disentangle the
effects of long-continued selection from those consequent on
the increased action or movement, of the part. Mr. H. Spencer
acknowledges this difficulty, and gives as an instance the spines

+t  Comptes Rendus,’ Sept. 26th, 1864, p,
1 ¢The Principles of Biology, vol. . p., 2
'* Idem, vol. fi. p. 269. ¥ Idem, vol,
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or thorns of trees, and the shells of nuts. Here we have ex-
tremely hard woody tissue without the possibility of any move-
ment to cause exudation, and without, as far as we can sce, 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 their birth the epidermis is thicker on the palms and
soles of the feet than on any other part of the body, as was ob-
served with admiration by Albinus,® we are naturally inclined
fo 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 strengthened, the tendons,
and the erests of bone to which they are attached, become cnlarged; and
this must likewise be the case with the blood-vessels and nerves. On
the ofher hand, when a limb is not used, as by Eastern fanatics, or when
the nerve supplying it with nervous power is effectually destroyed, the
museles wither. 8o again, when tho eye is destroyed the optic nerve be-
comes atrophied, sometimes even in the course of a fow months.® Tho
Protens s furnished with branchim as well as with Tungs: and Schreibers®
found than when the animal was compelled to live in decp water the
Dranchite were developed to thrico their ordinary size, and the lungs were
partially atrophied. When,on the other hand, the animal was compelled to
Tive in shallow water, the Tungs became larger and more vaseular, whilst
the branchim disappeared in a more or less complote degree. Suchmodifi-
cations as these are, however, of comparatively littlo value for us, as we do
not actually know that they tend to be inherited.

T many cases thero is reason to believe that the lessened use of various
organs as affectod tho corresponding parts in the offspring. But thero
s 10 good evidenco that this ever follows in the course of a singlo gencra-
tion. It appears, as in the case of general or indefinite variability, that
soveral generations must bo subjected to changed habits for any approci-
ablo result. Our domestic fowls, ducks, and geese have almost lost, not

18 Paget, *Lectures on Pathology,’ . 10) a curious account of the atrophy

ol. i, p. 209. of the limbs of rabbits after the de-
“ Miller's  Phys,’ Eng. translat, struction of the nerve.

pp. 54, 791 Prof. Reed bas given % Quoted by Lecoq, in ‘ Geograph.

(¢ Physologieal and’ Anat. Researches,  Bot, tom. i, 1854, p. 182
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only in the individual but in the race, their power of flight; for we do
Dot see a chicken, when frightened, take flight like a young pheasant,
Henco I was led carefully to compare the limb-bones of fowls, ducks, pigeons,
and rabbits, with the same bones in the wild parent-spocies. As the
measurements and weights wero fully given in the earlier chapters, T need
hero only recapitulate the results. With domestic pigeons, the length of
the sternum, the prominence of its crest, the length of tho seapul and
furcula, the length of the wings as measured from tip to tip of the radius,
aro all reduced relatively to the same parts in the wild pigeon. Tho wing
and tail feathers, howover, are increased in length, but this may have as
littlo connection with the use of the wings or tail, as the lengthened hair
on a dog with the amount of exercise which the breed has habitually
taken. The feet of pigeons, except in the long-beaked races, are reduced
in size. With fowls the crest of the sternum is less prominent, and s
often distorted or monstrous; the wing-bones have becomo lighter rela-
tively 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:
tho furcula, coracoids, and seapul 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 o each other, and rela-
tively to the whole skeloton, in comparison with the same bones in the
wild-duck. The decreased weight and size of the bones, in the foregoing
cases, is probably tho indirect result of the reaction of the weakened
muscles on the bones. I 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 domestio duck they often hardly reach to its base. He remarks, also,
on the greater thickness of the legs, and says that the swimming mem-
Drane between the toes is reduced ; but I was not able to detect this latter
difference.

‘With tho domesticated rabbit the body, together with the whole skeleton,
s generally larger and heavier than in tho wild animal, and the leg-bones
are heavier in due proportion; but whatever standard of comparison bo
faken, neither the leg-hones nor the scapuli have increased in length
proportionally with the increased dimensions of the rest of the skeloton,
The skull has become in a marked manner narrower, and, from the mea..
surements of its capacity formerly given, we may conclude, that this nar-
Towness results from the decreased sizo of the brain, consequent on the
mentally inactive life led by these closely-confined animals,

We have seen in the cighth chapter that silk-moths, which have 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 bo largely owing to the same kind of monstrosity which often
affects wild Lepidoptera when artificially reared from the cocoon ; or it may

2! “Das Abiindern der Vogel,' 1883, &. 74,
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be in part due to an inherent tendency, which is common to the females
of many Bombycidze, o have their wings in a more or less rudimentary
stato; but part of the effect may probably be attributed to long-continued
disuse.

From the foregoing facts there can be no doubt that certain
parts of the skeleton in our anciently domesticated animals,
have been modified in length and weight by the effects of
decreased or increased use; but they have not been modified,
as shown in the earlier chapters, in shape or structure. We
must, however, be cautious in extending this latter conclusion
to animals living a free life; for these will oceasionally be ex-
posed during successive generations to the severest competition.
With wild animals it would be an advantage in the struggle for
Tife that every superfluous and useless detail of structure should
be removed or absorbed; and thus the reduced bones might
ultimately become changed in structure. With highly-fed do-
mesticated animals, on the other hand, there is mo economy of
growth, nor any tendency to-the elimination of trifling and
superfluous details of structure.

Tarning now to more general observations, Nathusius has
shown that, with the improved races of the pig, the shortened legs
and snout, the form of the articular condyles of the occiput, and
the position of the jaws with the upper canine teeth projecting in
2 most anomalous manner in front of the lower canines, may
be attributed to these parts not having been fully exercised. For
the highly-cultivated races do not travel in search of food, nor
root up the ground with their ringed muzzles. These modifica-
tions of structure, which are all strictly inherited, characterise
several improved breeds, so that they cannot have been de-
rived from any single domestic or wild stock* ‘With respect
to cattle, Professor Tanner has remarked that the lungs and
liver in the improyed breeds “are found to be considerably
« reduced in size when compared with those possessed by animals
« having perfect liberty;”* and the reduction of these organs
affects the general shape of the body. The cause of the reduced
lungs in highly-bred animals which take little exercise is ob-

® Nathusius, ‘Die Racen des s 105,180, 133,

Schweines, 1860, s 59, 57; ‘Vor. % ‘Joumal of Agriculturo of High-
studien . . . . Schweineschwedel, 1864, land Soc,’ July, 1860, p. 321.
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vious; and perhaps the liver may be affected by the nutritious
and artificial food on which they largely subsist.

Tt is well known that, when an artery is tied, the anastomising branches,
from being forced to transmit more blood, increase in diameter; and this
increase cannot bo accounted for by mere extension, as their coats gain in
strength, Mr. Herbert Spencer® has argued that with plants the flow of
sap from the point of supply to the growing part first clongates tho cells
in this line; and that the cells then become confluent, thus forming the
ducts; &0 that, on this view, the vessels in plants are formed by the mutual
reaction of the flowing sap and cellular tissue. Dr. W. Turner has re-
‘marked,® with respect to the branches of arteries, and likewise to a certain
extent with nerves, that the great principle of compensation frequently
comes into play; for *when two nerves pass to adjacent cutancous areas,
« am inverse relation as regards size may subsist between them; a deficiency
“ in one may be supplied by an increase in the other, and thus the area of
« the former may be trespassed on by the latter nerve.” But how far in
these cases the difference in size in the nerves and arteries is due to ori-
ginal variation, and how far to increased use or action, is not clear.

In roference to glands, Mr. Paget observes that “when one kidney is
« Qestroyed the other often becomes much larger, and does double work.”%
1 wo compare the size of the udders and their power of secretion in cows
which have been long domesticated, and in certain goats in which the udders
nearly touch the ground, with the size and power of secretion of 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 firstrato animal, kept, for instance, by the Damaras of South Africa
“yarely gives more than two or three pints of milk daily, and, should her
« calf be taken from her, she absolutely refuses to give any.” We may
attribute the excellence of our cows, and of certain goats, partly to
the continued selection of the best milking animals, and partly to the
inherited effects of the increased action, through man’s axt, of the seereting
glands.

Tt is notorious, as was remarked in the twelfth chapter, that short-sight
is inherited; and if wo compare watchmakers or engravers with, for
instance, sailors, we can hardly doubt that vision continually directed

jwards a near object permanently affects the structure of the eye.

" Veterinarians are unanimous that horses become affected with spavins,
splints, ringbones, &c., from being shod, and from travelling on hard roads,
and they are almost equally unanimous that these injuries are transmitted.
Formerly horses were not shod in North Carolina, and it has been asserted
that they did not then suffer from these diseases of the legs and foet®

=1 ¢ Principlesof Biology, vol.ii.p.263. _ Africa, p. 818, For analogous cases
= «Natural History Review, vol. iv,, in South America, see Aug. St. Hilaire,

Oct. 1864, p. 617. “Voyage dans le Province de Goyaz,'
 * Lectures on Surgical Pathology,  tom. i. p. 71.

1833, vol. i. p. 27. 2 Birckell's ‘Nat. Hist. of North
7 Andersson, ‘Travels in South  Carolina,’ 1789, p. 53.
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Our domesticated quadrupeds are all descended, as far o5 is
Jnown, from species having erect cars; yot fow kinds can be
nomed, of which at least ono Tace has not drooping cars. Cats
in Ghia, horses in parts of Russia, sheep in Ttaly and elsewhere,
the guinea-pig in Germany, goats and cattle in India, rabbits,
pigs, and dogs in all long-civilised countries, have dependent
ears.  With wild animals, which constantly use their ears
Jike funnels to catch every passing sound, and especially to
ascertain the direction whenee 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 cer-
tainly in some manner the result of domestication; and this
incapacity has been attributed by various authors® to disuse, for
suimals protected by man are not compelled habitually to use
their ears.  Col. ‘Hamilton Smith * states that in ancient effigies
ot the dog, “with the exception of one Tgyptian instance,
“ no seulpture of tho carlier Greciau era produces representations
« ot hounds with complotely drooping ears;; those with them half
« pendulous are missing in the most ancient; and this character
« increases, by degrees, in the works of the Roman period.”
Godron also has remarked that * the pigs of the ancient Egyptians
& had not their ears enlarged and pendent.”* But it is remark-
<blo that the drooping of the ears, though probably the effect
of disuse, is not accompanied by any decrease in size; on the
contrary, when we yemember that animals so different as fancy
rabbits, certain Indian breeds of the goat, our petted spaniels,
bloodhounds, and other dogs, have enormously elongated ears,
it would appear as if disuse actually caused an increase in length.
With rabbits, the drooping of the much elongated ears has
affected even the structure of the skull

The tail of no wild animal, as remarked to me by Mr. 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 doubtful.

15 Livingstone, quoted by Youatt on «Nataralist Library, Dogs, vol. ii.
Shecp, p. 142. Hodgeon, in * Jourual 1840, p. 104.
 aicis Son of Bengely WARH, SRR TEspree; fom. i, 1859, b
1847, p. 1006, &e. &¢. 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 ;” but it is not stated whether this peculiarity
is inherited.®

The mucous membrane which lines the stomach is continuous
with tho external skin of the body; thereforo it is not surprising
that its texture should be affected by the nature of the food
consumed, but other and more interesting 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 periodically 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 becamo
leathery, and the liver increased in size. Whether these modi-
fications in the digestive organs would in the course of genera-
tions become inherited is not known.®

The increased or diminished length of the i ines, which
apparently results from changed diet, is a more remarkable
case, because it is characteristic of certain animals in their
domesticated condition, and therefore must be inherited. The
complex absorbent system, the blood-vessels, nerves, and museles,
are necessarily all modified together with the infestines, Ao,
cording to Daubenton, the intestines of the domestic cat are
one-third longer than' those of the wild cat of BEurope; and
although this species is not the parent-stock of the domestic
animal, yet, as Isidore Gieoffroy has remarked, the several species

o ‘Ceylon,’ by Sir J. E. Temnent, as quoted in Macgillivay's * British
1859, vol. ii. p. 531. Birds, vol. v. p. 550; Menetries, as
* For the foregoing statoments, sce  quoted in Bronu's * Geschichto dor
Hunter's *Essays and Observations, Natur, B. ii.s. 110,
1861, vol. . p. 329; Dr. Edmondston,
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of cats are so closely allied that the comparison is probably a fair
one. The increased length appears to be due to the domestic
cat being less strictly carnivorous in its diet than any wild
feline species; I have seen a French kitten eating vegetables
as readily as meat. According to Cuvier, the intestines of
the domesticated pig exceed greatly in proportionate length
those of the wild boar. In the tame and wild rabbit the
change is of an opposite nature, and probably results from the
nutritious food given to the tame rabbit.*

Changed Habits of Life, independently of the Use or Disuse
of particular Organs—This subject, as far as the mental
powers of animals are concerned, so blends into instinct, on
which I shall treat in a future work, that I will here only
remind the reader of the many cases which occur under domes-
tication, and which are familiar to every one—for instance the
tameness of our animals—the pointing or retrieving of dogs—
their not attacking the smaller animals kept by man—and so
forth. How much of these changes ought to be attributed to
inherited habit, and how much to the selection of individuals
which have varied in the desired manner, irrespectively of the
special 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 a few additional instances
may here be given.

In the Polynesian Islands and in China the dog is fed exclu-
sively on vegetable matter, and the taste for this kind of
food is to a certain extent inherited® Our sporting dogs will
not touch the bones of game birds, whilst other dogs devour
them with greediness. In some parts of the world sheep have
been largely fed on fish. The domestic hog is fond of barley,
the wild boar is said to disdain it; and the disdain is partially
inherited, for some young wild pigs bred in captivity showed
an aversion for this grain, whilst others of the same brood
relished it.*® One of my relations bred some young pigs from

3 These statements on the intestines bourne,' 1825, vol. ii. p. 121.
are taken from Isidore Geoffroy St. Burdach, *Traité de Phys. tom. ii.
Hilaire, * Hist. Nat. Gén,’ tom. iii. pp. o 267, as quoted by Dr. P. Lucas,
427, 441, 'Héréd. Nat.,” tom. i. p. 388.

% Gilbert White, ‘Nat. Hist. Sel-
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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 be
fed ; but they would not touch swill, which was devoured by
the other pigs. An animal when once accustomed to an un-
natural diet, which can generally be effected only during youth,
dislikes its proper food, as Spallanzani found to be the case
with a pigeon which had been long fed on meat. Individuals
of the same species take to new food with different degrees of
readiness; one horse, it is stated, soon learned to eat meat,
whilst another would have perished from hunger rather than
have partaken of it.”

The caterpillars of the Bombyz hesperus feed in a state of
nature on the leaves of the Cafi diable, but, after having been
reared on the Ailanthus, they would not touch the Café diable,
and actually 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 ot properly belong to our present subject. The period
of gestation and of maturity, as shown in the earlicr chapters,—
the season and the frequency of the act of breeding,—have all
been greatly modified under domestication. With the Egyptian
goose the rate of change in the season has been recorded?
The wild drake pairs with one female, the domestic drake is
polygamous. Certain breeds of fowls have lost the habit of
incubation. The paces of the horse, and the manner of flight
in certain breeds of the pigeon, have been modified, and are
inherited. The voice differs much in certain fowls and pigeons.
Some breeds are clamorous and others silent, as in the Call and
common duck, or in the Spitz and pointer dog. Every one
knows how dogs differ from each other in their manner of
hunting, and in their ardour after different kinds of game or
vermin.

‘With plants the period of vegetation is easily changed and
is inherited, as in the case of summer and winter wheat, barley,

¥ This and several other cases aro  Soc. d'Acclimat,’ fom. viil, 1861, p.
given by Colin, ‘ Physiologie Comp. des 563,

Animaux Dom., 1854, tom, i. p. 426, ® Quatrefages, ‘Unité do I'Espece

M. Michely de Cayenne, in Bull.  Humaine, 1861, p. 79.
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and vetches; but to this subject we shall immediately return
nnder acclimatisation. Annual plants sometimes become peren-
nial under a new climate, as I hear from Dr. Hooker is the case
with the stock and mignonette in Tasmania. On the other
hand, perennials sometimes become annuals, as with the Ricinus
in England, and as, according to Captain Mangles, with many
varieties of the heartsease. Von Berg® raised from seed of
Verbascum pheenicium, which is usually a biennial, both annual
and perennial varieties. Some deciduous bushes become ever-
green in hot countries.”* Rice requires much water, but there is
one variety in India which can be grown without irrigation.
Certain varieties of the oat and of our other cereals are best fitted
for certain soils® Endless similar facts could be given in the
animal and vegetable kingdoms. They are noticed here because
they illustrate analogous differences in closely allied natural
species, and because such changed habits of life, whether due to
use and disuse, or to the direct action of external conditions,
or to so-called spontaneous variation, would be apt to lead to
modifications of structure.

Acclimatisation.—From the previous remarks we are naturally
led to the much disputed subject of acclimatisation. There are
two distinet questions: Do varieties descended from the same
species differ in their power of living under different climates ?
And secondly, if they so differ, how have they become thus
adapted? We have seen that European dogs do not succeed
well in India, and it is asserted,” that no one has succeeded in
there keeping the Newfoundland long alive ; but then it may be
argued, probably with truth, that these northern breeds are speci-
fically 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 out the second year,” in the Zoologlcal
Gardens. But sheep are capable of some degree of acclimati
for Merino sheep bred at the Cape of Good Hope have been found

“ “Fior,’ 1835, B. ii. p. 504. 4 «Gardener'’s Chronicle,’ 1850, pp.

4 Alph. De Oandnlle, Géograph. 204, 210.

Bot., tom. “ Rev. R. Evemt. ‘Journnl As. Soc.

o Royle,-mnmmns of the Botany  of Bengaly vol. i
of the Himalaya, p. 19.  Youatt on Sheq\, 1335 . 491

VOL. II.
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far better adapted for India than those imported from England.®
It is almost. certain that the breeds of the fowl are descended

Shan Tung, in China, belong to the same species, as we may
infer from their identity in the caterpillar, cocoon, and mature
states;* yet they differ much in constitution: the Indian form
“will flourish only in warm latitudes,” the other is quite hardy
and withstands cold and rain,

flowers have just set, and this is tho critical period, they have been
observed, both in France and England, to withstand with complete impu-
nitya frost of 15° and even 14° Fahr. ,which killed the flowers, whether fally
expanded or in bud, of all other kinds of pears This Power in the flower
of resisting cold and afterwards producing fruit does ot invariably de-
pend, as wo know on good authority, on general constitutional vigour,
o O e

Jooyle, *Prod. Resouroes of Indis; 4 S remarks by Eitor i “Gard.
p. 153 Chronicle, 1848, p. 5.

“ Tegohueier,‘?oultry Book,’ 1866, % «Gard. Chronicle, 1860, p. 938,
p.102. Remarks by Editor and quotation from

“ Dr. R. Paterson, in @ paper com-  Docaisng,
municated to Bot. Soc. of S J. de Jonghe, of Brussels, in
quoted in the ¢ Reader,” 1863, Nov.13th.  ‘Gard. Chronicle,’ 1857, p. 612.
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In proceeding northward, the number of varieties which are enabled to
resist the climate rapidly decreases, as may bo seen in the list of the
arieties of the cherry, apple, and pear, which can be cultivated in tho
neighbourhood of Stockholm.* Near Moscow, Prince Troubetzkoy planted
for experiment in the open ground several varieties of the pear, but one
alone, the Poire sans Pepins, withstood the cold of winter We thus
seo that our fruit-trees, like distinct 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 few if any of the
“ English varieties of wh for cultivation 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. J. M. Berkeley sowed wheat-
sced from India, and got “ the most meagre ears,” on land which would
certainly have yielded a good crop from English wheat Tn these cases
varieties have been carried from a warmer to a cooler climate; in the
Teverse case, as “when wheat was imported directly from France into the
“West Indian Tslands, it produced either wholly barren spikes or fur-
< nished 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 cither 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
species; and we have seen that in North America, in proceeding north-
ward, the varieties cultivated in each zone produce their flowers and
ripen their seed within shorter and shorter periods. So that the tall,
slowly maturing southern varioties do not succeed in New England, and
the New English varieties do not suceeed in Canada. I have not met with
any statement that the southern varieties are actually injured or killed by
a degreo of cold which the northern varicties withstand with impunity,
though this is probable; but the production of early flowering and early
seeding varieties deserves to be i as one form of isati
Hence it has been found possible, according to Kalm, to cultivate maize
further and further northwards in America. In Enurope, also, as we learn
from the evidence given by Alph. De Candolle, the culture of maize has
extended since the end of the last century thirty leagues north of its former
boundary On the authority of the great Linnzeus® I may quote an

52 Ch. Martius, Voyago Bot. Cotes % MM. Edwards and Colin,  Annal,

Sept. de la Norvege, p. 26. desSe. Nat.,'2nd series, Bot., tom. v.p.22.
# *Journal deI'Acad. Hort.de Gand,” 5 * Giéograph. Bot.,’ p. 337.

quoted in * Gard. Chron,’ 1859, p. 7.  ‘Swedish Acts’ Eng. translat.,
# *Gard. Chronicle, 1851, p. 396. 173940, vol.i. Kalm, in his * Travels,

 Tdem., 1862, p. 25.
% On the authority of Labat, quoted
in ¢ Gard. Chron.,’ 1862, p. 285. from Carolin seed.

P- 166, gives an analogous case
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analogous case, namely, that in Sweden tobacco raised from Tome-grown
seed ripens its sced a month sooner and is less liablo to miscarry than
plants raised from foreign seed.

With the Vine, differently from the maize, the line of practical eulturo
has retreated o littlo sonthward since the middle ages; @ but this seoms
due to commerce, including that of wine, being now freer or more easy.
Nevertheless the fact of the vine not having spread northward shows thot
seclimatisation has made 1o progress during several centuries.  Thero i,
howover, a marked difference in the constitution of the soveral varietios,—
Some being hardy, whilst others, like the muscat of Alexandria, requive a
Yery high temperature to come to perfoction. - According to Labat. vines
{faken from France to the West Indies succced with extreme difficulty, whilst
those imported from Madeira, or the Canary Islands, thrive admirntly,

Gallesio gives a curious account of the naturalisation of the Orango in
Taly. During many centuries the sweet orange was propagated acln.
sively by grafts, and 5o often suffored from frosts that it required profection,
After the severo frost of 1709, and more especially after that of 1763, so
muany trecs woro destroyed that scedlings from the swoot orange werg
maised, and, to the surprise of the inhabitants, their fruit was found to Ly
giweet: The trees thus raised were larger, more productive, and hardior
than tho former kinds; and secdlings aro now continually raised, Hone
Gallesio coneludes that much more was effocted for the maturalisation, ot
the orange in Italy by the accidental production of now. kinds during
& period of about sixty years, than had been effeted by grafting ol
Jarioties during many ages® 1 may udd that Risso® deseribos oo
Portuguese varieties of the orange as extremely sensitivo to cold, and as
much tenderer than certain other varieties,

The peach was known to Theophrastus, 322 50,64 According to the
suthorities quoted by Dr. F. Rolle it was tender when first infsoduccd
info Greece, and even in tho island of Rhodes only occasionally bore frast.
I8 this bo correct, the peach, in spreading during the last tuo theasu
Jears over the middle parts of Europe, must have become much hardior.
At tho present day difforent varietios differ much in hardinoss  sorg
French varities will not succeed in England; and near Paris, the Pavie
de Bonneuil does not vipen its froit till very late, evon whon grown on a
wall; it s, therefore, only fit for a very hot southern climates ¢

L vill briefly give a few other cases. A varioty of Mugnolia grandifiora,
naised by M. Roy, withstands cold several degrecs lower than ihat which

e T
o Do Candolle, * Géograpl. Bot,” p. 1813, p. 20, &e.

339, “ Alph. De Candolle, ‘Géograph.
9 * Gard. Chronicle, 1862, p. 235, Bot,’ p. 882,
o Sallesio, *Tooria della Ripro-  ® *Ch, Darwin's Lebre vou der

dusiono Veg.' 1816, p. 125; and Entstehung; &o, 1862, 5. 87.

*Traité du Citrus,’ 1811, p. 859 % Decaisne, quoted in * Gard. Chro-
© “Bssai sur IHist. des Orangers; nicle; 1865, p, 71,
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“ Noisettes.” In New York the “Irish yew is quite hardy, but the com-
“ mon yew is liable o be cut down.” I may add that thero are varieties

of the sweet potato (Convolvulus batatas) which are suited for warmer,
as well as for colder, climates.”

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 abso-
“lutely made no kind of impression” Dr. Lindley, after
alluding to this and other similar cases, remarks, “Among
“ the lessons which the late formidable winter has taught us,
“is that, even in their power of resisting cold, individuals of
“ the same species of plants are remarkably different.” Near
Salisbury, there was a sharp frost on the night of May 24th,
1836, and all the French beans (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. multifiorus) in my garden, containing 390 plants of
the same age and equally exposed, were all blackened and killed
except about a dozen plants. In an adjoining row of “Fulmer’s
dwarf bean” (P. vulgaris), one single plant escaped. A still
more severe frost occurred four days afterwards, and of the dozen
plants which had previously escaped only three survived; these
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 round
them, and not see at a glance that they differed widely in con~
stitutional power of resisting frost.

This work is not the proper place to show that wild plants

@ For the magnolia, see Loudow’s von Sicbold, in ‘Gard. Chron., 1855,
“Gard. Mag,’ vol. xili, 1837, p. 21. p.822.
For camellias and roses, see ‘Gard.  ® The Editor, ¢ Gard. Chron., 1861,
Chron., 1860, p. 884, For the yew, p.239.

“Journal of Hort,’ March Srd, 1863,  © Loudow’s ‘Gard. Mag.’ vol. xii.,
p. 174, For sweet potatoes, see Col. 1836, p. 378.
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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 England. In my ¢Origin of Species’
I have alluded to some cases, and I could add others. One
instance must suffice: Mr, Grigor, of Forres™ states that
seedlings of the Scotch fir (Pinus sylvestris), raised from seed
from the Continent and from the forests of Scotland, differ
much. “The di is perceptible in one-y 1d, and more
“s0 in two-year-old seedlings; but the effects of the winter on
“the second year’s growth almost uniformly makes those from
« the Continent quite brown, and so damaged, that by the month
¢ of March they are quite unsaleable, while the plants from the
“ native Scotch pine, under the same treatment, and standing
« alongside, although considerably shorter, are rather stouter and
“ quite green, so that the beds of the one can be known from the
“ other when seen from the distance of a mile.” Closely similar
facts have been observed with seedling larches,

Hardy varieties would alone be valued or noticed in Burope; whilst
tender varicties, requiring more warmth, would generally be negleoted ;
but such occasionally arise. Thus Loudon™ deseribes a Cornish variety
of the elm which i 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 varicties are much more tender than
others: thus all the varioties of the broccoli are more tender than cab-
bages; but there is much difference in this respect in the sub-varieties of
the broceoli; the pink and purple kinds are a littlo hardier than the white
Cape broccoli, “ but they are not to be depended on after the thermometer
“falls below 24° Fahr.:” the Walcheren broccoli is less tender than the
Cape, and there aro several varieties which will stand much severer cold
than the Walcheren™ Cauliffowers sced more freely in India than cab-
bages™ To give one instance with flowers: eleven plants raised from @
hollyhock, called the Queen of the Whites,* were found to be much more
tender than various other seedlings. It may be presumed that all tender
varicties would succeed better under a climate warmer than ours. With
fruit-trees, it is well known that certain varieties, for instance of the
pench, stand forcing in a hot-house better than others; and this shows

¢ Gardener's Chron.,” 1865, p. 699. 7 Dr. Bonavia, ‘ Report of the Agri-
7 ¢Arboretum et Fruticetum,’ vol.  Hort. Soc. of Oudh, 1866.
il p. 1376, 7 ¢Cottage Gardener,’ 1860, April,

7 Mr. Robson, in ‘Journal of Horti-  24th, p. 57.
culture;” 1861, p. 23.
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either pliability of organisation or some constitutional difference. The
same individual cherry-tree, when forced, has been observed during succes-
sive years gradually to change its period of vegetation” Few pelargo-
niums can resist the heat of a stove, but Alba multifiora will, as a most
skilful gardener asserts, * stand pine-apple top and bottom heat the wholo
« winter, without looking any more drawn than if it had stood in a com-
«mon greenhouse; and Blanche Fleur seems os 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 AZba multiflora pelargonium must
Tave a widely different constitution from that of most other varieties of this
plant; it would probably withstand even an equatorial climate.

Weo have seen that according to Laba the vine and wheat require aceli-
matisation in order to succeed in the West Indies. Similar facts have
Dbeen observed at Madras: “ two parcels of mignonette-sced, one direct
« from Europe, the other saved at Bangalore (of which the mean tempera-
« ture s much below that of Madras) were sown at the same time: they both
“ vegetated equally favourably, but the former all died off a fow days after
« fhey appeared above ground; the Iatter still survive, and are vigorous
« healthy plants” So again, “ turnip and carrot seed saved at Hyderabad
« ave found to answer better at Madras than seed from Europe or from tho
« Cape of Good Hope”7 Mr. J. Scott, of the Caleutta Botanio Gardens,
informs me that seeds of the sweet-pea (Lathyrus odoratus) imported from
England produce plants, with thick, rigid stems and small leaves, which
rarely blossom and never yield seed; plants raised from French seed
blossom sparingly, but all the flowers are sterile; on the other hand,
‘plants raised from sweet-peas grown near Darjeeling in Upper India, but
originally derived from England, can be_successfully cultivated on tho
plains of India; for they flower and seed profusely, and their stems are
Jax and scandent. In some of tho foregoing cases, as Dr. Hooker bas
remarked {o me, the greater success may perhaps be attributed to the
seeds having been more fully ripened under a more favourable climate;
Dut this view can hardly be extended to so many cases, including plants,
which, from being cultivated under a climate hotter than their native one,
‘Decome fitted for a still hotter climate. We may therefore safely conclude
that plants can to a certain extent become accustomed to a climate either
Totter or colder than their own; although these latter cases have been
‘more frequently observed.

We will now consider the means by which acclimatisation
may be effected, namely, through the spontaneous appearance
of varieties having a different constitution, and through the
effects of use or habit. In regard to the first process, there.

" is no evidence that a change in the constitution of the off-

7 ¢ Gardener’s Obronicle, 1841, p.  will also stand stove heat, see * Gard.
201 Chronicle,’ 1845, p. 226.

7 Mr. Beaton, in * Cottage Gardener, 77 * Gardener’s . Chronicle, 1841, p
March 20th, 1860, p. 377 Queen Mab 439,
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spring necessarily stands in any direct relation with the nature
of the climate inhabited by the parents. On the contrary,
it is certain that hardy and tender varieties of the same species
appear in the same country. New varieties thus spontane-
ously 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 Pelargonium, or the flowers may withstand severe frost, as
with the Forelle pear. Secondly, plants may become adapted
to climates widely different from their own, from flowering and
fruiting either earlier or later in the season. In both 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, accli-
matisation 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 acclimatisation of animals and plants is a
much more difficult question. In many cases natural selection
can hardly have failed to have come into play and complicated
the result. It is notorious that mountain sheep resist severe
weather and storms of snow which would destroy lowland
breeds; but then mountain sheep have 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 through habit; but when we reflect on
the multitude of seedlings annually raised in that country,
and that none would succeed unless born with a fitting con-
stitution, it is possible that mere habit may have done nothing
towards their acclimatisation. On the other hand, when we
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hear that Merino sheep, bred during no great number of genera-
tions at the Cape of Good Hope—that some Furopean plants
raised during only a few generations in the cooler parts of
Tndia, 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
in Northern Europe, are comparatively more precocious, and
need much less heat for maturing their fruit, than the varieties
of the same species recently brought from tropical regions. In
the reciprocal conversion of summer and winter wheat, barley,
and vetches into each other, habit produces a marked effect
in the course of a very few generations. The same thing ap-
parently oceurs with the varieties of maize, which, when carried
from the Southern to the Northern States of America, or into
Germany, soon become accustomed to their new homes. With
vine-plants taken to the West Indies from Madeira, which are
said to succeed better than plants brought directly from France,
we have some degree of acclimatisation in the individual, inde-
pendently of the production of new varieties by seed.

The common experience of agriculturists is of some value,
and they often advise persons to be cautious in trying in one
country the productions of another. The ancient agricultural
writers of China recommend the preservation and cultivation
of the varieties peculiar to each country. During the classical
period, Columella wrote, « V¢ lum pecus longe
« praestantius est.”™

T am aware that the attempt to acclimatise either animals or
plants has been called a vain chimra. No doubt the attempt
in most cases deserves to be thus called, if made independ-
ently of the production of new varieties endowed with a dif-
ferent constitution. Habit, however much prolonged, rarely
produces any effect on a plant propagated by buds; it ap-
parently acts only through successive seminal generations.

7 Quoted by Asa Gray, in ‘Am.  Chinois, tom. i, 1786, p. 60. Columella

Journ. of Sei,’ 2nd series, Jan. 1865, is quoted by Carlier, in ‘Journal do

p. 106 Plhysique,” tom. xxiv. 1784.
# Kor Chiua, see *Mémoire sur los
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The laurel, bay, laurestinus, &e., and the Jerusalem artichoke,
which are propagated by cuttings or tubers, are probably now
as tender in England as when first introduced ; and this appears
to be the case with the Ppotato, which until recently was seldom
multiplied by seed. With plants propagated by seed, and with
animals, there will be little or 10 acclimatisation unless the
hardier individuals are either intentionally or unconsciously

instance of a plant which has not become hardier since its first
introduction into Britain, We hear, however, on excellent,
authority® that some very fine seed, imported from abroad,
produced plants «which blossomed most profusely, but were
“nearly all but abortive, whilst plants grown alongside from
“ English seed podded abundantly;” and this apparently shows
some degree of acclimatisation in our English plants, We
have also scen that seedlings of the kidney-bean occasionally
appear with a marked power of Tesisting frost; but no one, as
far as I can hear, has ever separated such hardy seedlings, so
as to prevent accidental crossing, and then gathered their seed,
and repeated the process year after year. It may, however,
be objected with truth that natural selection ought to have
had a decided effect on the hardiness of our kidney-beans; for

severe spring, and the hardier preserved. But it should be
borne in mind that the result of increased hardiness would
simply bo that gardeners, who are always anxious for g carly a
exop 88 possible, would sow their sced a fow days carlicy han
formerly. Now, as the period. of sowing depends much on the
soil and elevation of each district, and varies with the season ;
and as new varieties have often been imported from abroad, can
we feel sure that our kidney-beans are not somewhat hardier ?
I have not been able, by searching old horticultural works, to
answer this question satisfactorily,

On the whole the fucts now given show that, though habit
does something towards acclimatisation, yet that the sponta-
neous appearance of constitutionally different individuals s a
far more effective agent. As no single instance has been
recorded, either with animals or plants, of hardier individuals *

* Messrs. Hardy and Son, in ¢ Gard, Chronicle, 1856, p. 589.
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having been long and steadily selected, though such sclection
is admitted to be indispensable for the imp t of any
other character, it is not surprising that man has done little
in the acclimatisation of domesticated animals and cultivated
plants. We need not, however, doubt that under nature new
races and new species would become adapted to widely different
climates, by spontaneous variation,aided by habit,and regulated
by natural selection.

Avrrests of Development : Rudimentary and Aborted Organs.

Theso subjects are here introduced because there is reason to believe
that rudimentary organs are in many cases the result of disuse. Modifica-
tions of structure from arrested development, so great or so serious as to
deserve to be called monstrosities, are of common occurrence, but, as they
differ much from any normal structure, they require here only a passing
notice. When a part or organ is arrested during its embryonic growth,
a rudiment is generally left. Thus the whole head may be represented by
a soft nipple-like projection, and the limbs by mere papille. These rudi-
‘ments of limbs are sometimes inherited, as has been observed in a dog
Many lesser anomalies in our domesticated animals appear to be due to
arrested development. What the cause of the arrest may be, we seldom
Tnow, except in the case of direct injury to the embryo within the egg or
womb, That the cause does not generally act at a very carly embryonic
period we may infer from the affected organ seldom being wholly aborted,
—a rudiment being generally preserved. The external ears are represented
by mere vestiges in a Chinese breed of sheep; and in another breed, the
tail is reduced “ to a little button, suffocated, in & manner, by fat”® Tn
tailless dogs and cafs a stump is left; but I do not know whether it
includes at an carly embryonic age rudiments of allthe caudal yertebre.
Tn certain breeds of fowls the comb and wattles are reduced to rudi-
ments; 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 carly age;”* and with spocies in a state of nature, the relatively
greater development of rudimentary organs at an carly period of life is
highly characteristic of such organs. With hornless breeds of cattle
and sheep, another and singular kind of rudiment has been observed,
namely, minute dangling horns attached to the skin alone, and which are
often shed and grow again. With hornless goats, according to Desmarest,*

st Isid. Geoffroy St. Hilaire, ‘Hist.  ® Youatt on Cattle, 1834, p. 174.
Nat. des Anomalies, 1836, tom. ii. pp.  ® ¢ Encyelop. Méthod.,’ 1820, p. 483 :
210, 353, 224, 3953 “Philosoph. Trans-  see p. 500, on the Indian zebu casting
act. 1775, p. 3 its homs. Similar cases in_Europeau

& Pullas, quwbul by Youatt onShecp, cattle were given in the third chapter.
». 25.
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the bony profuberances which properly support the horns exist as mere
rudiments,

With cultivated plants it is far from raro to find the potals, stamens,
and pistils represented by rudiments, like those observed 1 natural
species. o it s with the whole seed in many fruits; thus near Astrakhn
there is a grape with mere traces of seeds, “so small and lying so near the
- stalk that they are not perceived in cating the grape.”® Tn certain
Jaricties of the gourd, th fendrils, according to Naudin, are reprosented
by rudiments or by various monstrous growths. In the broeosls and
cauliflower the greater mumber of the flowers are incapable of expansion,
aud include rudimentary organs. In the Feather hyacinh (Muscari
comasum) the upper and central flowers are brightly coloured but radi.
mentary; under cultivation the tendency to abortion travels downmwards
and outwards, and all tho flowers becomo rudimentary; but tho sboties
stamens and pistils are not so small in the lower as in the upper flowers,
In the Viburnum opulus, on the other hand, the outer flowers naturally
hiavo their organs of fructification in a rudimentary state, and the corolla
s of large size; under cultivation, the change spreads to. the centre, and
all the figwers become affected; thus the well-known Snow-ball bush is
produced. In the Composite, the so-called doubling of the flowers con.
sists in the greater development of tho corolla of the contral florefs,
generally accompanied with some degree of sterility; and it has beoy
observed ™ that tho progressive doubling invariably spreads from the cie.
gumference to the centre,—that is, from the ray florets, which so oftey

according to A. do Jussien® the abortion is only partial in Custhame,
ercticus, but more extended in C. lanatus; for in this species two or three
alone of the central seeds are furnished with a pappus, the swrrounding
sceds being cither quite naked or furnished with a few hairs; and lastly,
in C. tinctorius, even the central seeds are destitute of pappus, and the
abortion is complete.

‘With animals and plants under domestication, when an organ dis-
appenrs, leaving only a rudiment, the loss has generally been sudden, as
with hornless and tailless breeds; and such cases may be ranked as inhe-
rited monstrosities.  But in some few cases the loss has heen gradual, and

»;Follas, ‘Travels’ Eng. translat, & Locog, * De Ia Fécondation, 1863,
vol.i. p. 243. . 23,

Mr. Beaton, in * Journal of Horti- 5 « Aunalos du Muséum,’ fom. vi,
culture;’ May 21, 1861, p. 133, . 319,
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has been partly effected by selection, as with the rudimentary combs and
wattles of certain fowls. We havo also seen that the wings of some
domesticated 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 so extremely
common that searcely one can be named which is wholly free from a
Dlemish of this nature. Such organs are generally variable, as several
naturalists have observed; for, being useless, they are not regulated by
natural selection, and they are more or less liable to reversion. The same
rule certainly holds good with parts which have become rudimentary
under domestication. We do not know through what steps under nature
rudimentary organs have passed in being reduced to their present con-
dition; but we so incessantly see in species of the samo group the finest
gradations between an organ in a rudimentary and perfect state, that we
are led to beliove that the passage must have been extremely gradual. 1t
may be doubted whether a change of structure so abrupt as the sudden
Toss of an organ would ever bo of service to a species in a state of natur
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 cause it to reappear in a more or less
perfect manner, so that its final reduction could only be effected by the
slow process of continued disuse or natural selection. It is much more
‘probablo that, from changed habits of life, organs first become of less and
less use, and ultimately superfluous; or their place may be supplied by
some other organ; and then disuse, acting on the offspring through
inheritance at corresponding periods of life, would go on reducing the
organ; but as most organs could be of no use at an emrly embryonic
period, they would not be affected by disuse; consequently they would bo

at this stage of growth, and would remain as rudiments. Tn
addition to the effects of disuse, tho principle of economy of growth,
already alluded to in this chapter, would lead to the still further reduction
of all superfluous parts. With respect to the final and total suppression
or abortion of any organ, another and distinct principle, which will bo
discussed in the chapter on pangenesis, probably takes a share in the

work.

With animals and plants reared by man there is no severe or recurrent
struggle for existence, and the principle of economy will not come into
action. o far, indeed, is this from being the case, that in some instances
organs, which ate naturally rudimentary in the parent-specics, become
‘partially in the Thus cows, like
most other ruminants, properly have four active and two rudimentary
‘mamm; but in our domesticated animals, the latter occasionally become
considerably developed and yield milk. The atrophied mamm, which,
in male domesticated animals, including man, have in some rate cases

own to full size and secreted milk, perhaps offer an analogous case.
The hind feet of dogs include rudiments of a fifth toe, and in certain large
breeds these toes, though still rudimentary, become considerably developed
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and are farnished with claws. In the common Hen, the spurs and comb
aro rudimentary, but in certain breeds these become, independently of
age or disease of the ovaria, well developed. The stallion has canine teth,
but the mare has only traces of the alveoli, which, as T am informed by
the eminent veterinary Mr. G. T. Brown, frequently contain minute irro.
gular nodules of bone. These nodules, however, sometimes become devo.
loped into imperfect tecth, protruding through the gums and coated
with enamel; and”occasionally they grow to a third or even a fourth of
the length of the canines in'the stallion. With plants T do nob know
Whether the redevelopment of rudimentary organs ocours more frequently
under culture than under nature. Perhaps tho pear-treo may be a case in
point, for when wild it bears thorns, which thongh useful as a protection
are formed of branches in a rudimentry condition, but, when the tree js
cultivated, the thorns are reconverted into branches.

Finally, though organs which must be classed as rudi-
mentary frequently occur in our domesticated animals and
cultivated plants, these have generally been formed suddenly,
through an arrest of development. They usually differ in
appearance from the rudiments which so frequently characterise
natural species. In the latter, rudimentary organs have been
slowly formed through continued disuse, acting by inheritance
at a corresponding age, aided by the principle of the economy
of growth, all under the control of natural selection. With
domesticated animals, on the other hand, the principle of eco-
nomy is far from coming into action, and their organs, although
often slightly reduced by disuse, are not thus almost obliterated
with mere rudiments left,
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CHAPTER XXV.

LAWS OF VARIATION, continued — CORRELATED VARIABILITY.

EXFLANATION OF TERM — CORRELATION AS CONNECTED WITH DEVELOPMENT —

. MMODIFICATIONS CORRELATED WITH THE INCREASED OR DECREASED SIZE OF
PARTS — CORRELATED VARIATION OF HOMOLOGOUS PARTS — FEATHERED FEET IN
BIRDS ASSUMING THE STRUCTURE OF THE WINGS — CORRELATION BETWEEN THE
HEAD AND THE EXTREMITIES — BETWEEN THE SKIN AND DERMAL APPENDAGES
— BETWEEN THE ORGANS OF SIGHT AND HEARING — CORRELATED MODIFICATIONS
IN THE ORGANS OF PLANTS — CORRELATED MONSTROSITIES — CORRELATION BE-
TWEEN THE SKULL AND EARS — SKULL AND CREST OF FEATHERS — SKULL AND
HORNS — OF GROWTH BY THE Acel EFFECTS
OF NATURAL SELECTION — COLOUR AS CORRELATED WITH CONSIITUTIONAL
PECULIARITIES.

ALL the parts of the organisation are to a certain extent
connected or correlated together; but the comexion may be so
slight that it hardly exists, as with compound animals or the
buds on the same tree. Even in the higher animals various
parts are not at all closely related; for one part may be wholly
suppressed or rendered monstrous without any other part of
the body being affected. But in some cases, when one part
varies, certain other parts always, or nearly always, simulta-
neously vary; they are then subject to the law of correlated
variation. Formerly I used the somewhat vague expression of
correlation of growth, which may be applied to many large classes
of facts. Thus, all the parts of the body are admirably co-
ordinated for the peculiar habits of life of each organic being,
and they may be said, as the Duke of Argyll insists in his ¢ Reign

- of Law,’ to be correlated for this purpose. Again, in large

groups of animals certain structures always co-exist; for in-
stance, a peculiar form of stomach with teeth of peculiar form,
and such structures may in one sense be said to be correlated.
But these cases have no necessary connexion with the law to
be discussed in the present chapter; for we do not know that
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g the initial or primary variations of the several parts were in any
way related ; slight modifications or individual diff may
have been preserved, first in one and then in another part,
until the final and perfectly co-adapted structure was acquired ;
but to this subject I shall presently recur. Again, in many
groups of animals the males alone are furnished with weapons,
or are ornamented with gay colours; and these characters
{ manifestly stand in some sort of correlation with the male
reproductive organs, for when the latter are destroyed these
characters disappear. But it was shown in the twelfth chapter
that the very same peculiarity may become attached at any
age to cither sex, and afterwards bo exclusively transmitted
f by the same sex at a corresponding age. In these cases we
: have inheri limited by, or lated with, both sex and
!

[

age; but we have no reason for supposing that the original
cause of the variation was necessarily connected with the repro-
ductive organs, or with the age of the affected being.
i In cases of true correlated variation, we are sometimes able
i to see the nature of the connexion; but in most cases the bond
i is hidden from us, and certainly differs in different cases. We
can seldom say which of two correlated parts first varies, and
induces a change in the other; or whether the two are simul-
taneously produced by some distinct cause. Correlated variation
is an important subject for us; for when one part is modified
through continued selection, either by man or under nature,
{ other parts of the organisation will be unavoidably modified,
I From this correlation it apparently follows that, with our domes.
i ticated animals and plants, varieties rarely or never differ from
I each other by some single character alone.
One of the simplest cases of correlation is that a modification
M which arises during an early stage of growth tends to influence
i the subsequent development of the same part, as well as of other
“'_ and intimately connected parts. Isidore Geoffroy St. Hilaire
) states' that this may constantly be observed with monstrosities

! ! Hist. des Anomalics,” tom. iii. p. ~arrangement of the neryous system in
892. Prof. Huxley applies the sume the Mollusca, in his great paper on the
principle in accounting for the remark-  Morphology of the Cephalous Mollusea,
able, though normal, differences in the  in ¢ Phil. Transact,” 1853, p. 56.

[
[
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in the animal kingdom; and Moquin-Tandon® remarks, that,
as with plants the axis cannot become monstrous without in
some way affecting the organs subsequently produced from it, so
axial anomalies are almost always accompanied by deviations of
structure in the appended parts. We shall presently see that
with short-muzzled races of the dog certain histological changes
in the basal elements of the bones arrest their development and
shorten them, and this affects the position of the subsequently
developed molar teeth. It is probable that certain modifications
in the larvae of insects would affect the structure of the mature
insects. But we must be very careful not to extend this view too
far, for, during the normal course of development, certain members
in the same group of animals are known to pass through an
extraordinary course of change, whilst other and closely allied
members arrive at maturity with little change of structure.
Another simple case of correlation is that with the increased
or decreased dimensions of the whole body, or of any particular
part, certain organs are increased or diminished in number,
or are otherwise modified. Thus pigeon-fanciers have gone on
selecting pouters for length of body, and we have seen that their
vertebre are generally increased in number, and their ribs in
breadth. Tumblers have been selected for their small bodies,
and their ribs and primary wing-feathers are generally lessened
in number. Fantails have been selected for their large, widely-
ded tails, with tail-feathers, and the caudal
vertebree are increased in size and number. Carriers have
been selected for length of beak, and their tongues have become
longer, but not in strict accordance with the length of beak.
In this latter breed and in others having large feet, the number
of the scutellz on the toes is greater than in the breeds with
small feet. Many similar cases could be given. In Germany
it has been observed that the period of gestation is longer
in large-sized than in small-sized breeds of cattle. With our
highly-improved animals of all kinds the period of maturity
has advanced, both with respect to the full growth of the body
and the period of d ; and, in d with
this, the teeth are now developed earlier than formerly, so that,

2 * Eléments de Tératologie Veg., 1841, p. 118.
VOL. 1L, 2 ¢
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to the surprise of agriculturists, the ancient rules for judging
the age of an animal by the state of its teeth are no longer
trustworthy.®

Correlated Variation of Homologous Parts.—Parts which are
homologous tend to vary in the same manner; and this is what
might have been expected, for such parts are identical in form
and structure during an early period of embryonic development,
and are exposed in the egg or womb to similar conditions.
The symmetry, in most kinds of animals, of the corresponding
or homologous organs on the right and left sides of the body, is
the simplest case in point; but this symmetry sometimes fails,
as with rabbits having only one ear, or stags with one horn, or
with many-horned sheep which sometimes carry an additional
horn on one side of their heads. With flowers which have
regular corollas, the petals generally vary in the same manner,
as we see in the same complicated and elegant pattern, on the
flowers of the Chinese pink; but with irregular flowers, though
the petals are of course homologous, this symmetry often fails,
as with the varieties of the Antirrhinum or snapdragon, or that
variety of the kidney-bean (Phaseolus multiflorus) 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 see 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 extremities.
Meckel has insisted® that, when the muscles of the arm depart
in number or arrangement from their proper type, they almost
always imitate those of the leg; and so conversely the varying
muscles of the leg imitate the normal muscles of the arm.

Tn several distinet breeds of the pigeon and fowl, the logs and
the two outer toes are heavily feathered, so that in the trum-
peter 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,

3 Prof. J. B. Simonds, on the Ago of 4 ¢Hist. des Anomalics,”tom. . p. 674,
the Ox, Sheep, &c, quoted in ‘Gard.  ® Quoted by Isid. Geoffroy, idem,
Chronicle,’ 1854, p. 588. tom. i. p. 635.
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according to the excellent authority of Mr. Hewitt, been seen
to exceed the wing-feathers in length, and in one case were
actually nine and a half inches in length! As Mr. Blyth has
ked 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 redun-
dancy to the plumage, and then that the law of homologous
variation has led to the development of feathers on the legs, in
a position corresponding with those on the wing, namely, 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
ially connected by skin. These two outer toes correspond
with our third and fourth toes. Now, in the wing of the pigeon
or any other bird, the first and fifth digits are wholly aborted ;
the second is rudimentary and carries the so-called “ bastard-
wing;” whilst the third and fourth digits are completely united
and enclosed by skin, together forming the extremity of the
wing. So that in feather-footed pigeons, not only does the ex-
terior 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 feathered legs and
membrane between the two outer toes.

Andrew Knight” has remarked that the face or head and the
limbs vary together in general proportions. Compare, for instance,
the head and limbs of a dray and race-horse, or of a greyhound
and mastiff. What a monster a greyhound would appear with
the head of a mastiff! The modern bulldog, however, has fine
limbs, but this is a recently-selected character. From the
measurements given in the sixth chapter, we clearly see that
in all the breeds of the pigeon the length of the beak and the
size of the feet are correlated. The view which, as before ex-
plained, seems the most probable is, that disuse in all cases tends

¢ ¢ The Poultry Book, by W. B. Tegetmeier, 1866, p. 250.
7 A, Walker on Intermarriage, 1838, p. 160.
Y 2
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to diminish the feet, the beak becoming at the same time through
correlation shorter; but that in those few breeds in which length
of beak has been a selected point, the feet, notwithstanding
disuse, have through correlation increased in size.

With the increased length of the beak in pigeons, not only
the tongue increases in length, but likewise the orifico of the
nostrils. But the increased length of the orifice of the nostrils
perhaps stands in closer correlation with the development of
the corrugated skin or wattle at the base of the beak; for
when there is much wattle round the eyes, the eyelids are greatly
increased or even doubled in length.

There is apparently some correlation even in colour be-
tween the head and the extremities. Thus with horses a large
white star or blaze on the forehead is generally accompanied by
white feet." With white rabbits and cattle, dark marks often
co-exist on the tips of the ears and on the feet. In blackand tan
dogs of different breeds, tan-coloured spots over the eyes and
tan-coloured feet almost invariably go together. These latter
cases of connected colouring may be due either to reversion or
to analogous variation,—subjects to which we shall hereafter
return,—but this does not necessarily determine the question of
their original correlation. If those naturalists are correct who
maintain that the jaw-bones are homologous with the limb-bones,
then we can understand why the head and limbs tend to vary
together in shapo and even in colour; but several highly com-
petent judges dispute the correctness of this view.

The lopping forwards and downwards of the immense ears of
fancy rabbits is in part due to the disuse of the muscles, and
in part to the weight and length of the cars, 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 one ear alone lopping forward—for the
opposite sides of their skulls were not strictly symmetrical.
This seems to me a curious instance of correlation, between hard

@ ¢The Farrier and Naturalist,’ vol. i., 1828, p. 456.
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bones and organs so soft and flexible, as well as so unimportant
under a physiological point of view, as the external ears. The
result no doubt is largely due to mere mechanical action, that
is, to the weight of the ears, on the same principle that the
skull of a human infant is easily modified by pressure.

The skin and the appendages of hair, feathers, hoofs, horns, and
teeth, are homologous over the whole body. Every one knows
that the colour of the skin and that of the hair usually vary
together; so that Virgil advises the shepherd to look whether the
mouth and tongue of the ram are black, lest the lambs should
not be purely white. With poultry and certain ducks we have
seen that the colour of the plumage stands in some connexion
with the colour of the shell of the egg,—that is, with the
mucous membrane which secretes the shell. The colour of
the skin and hair, and the odour emitted by the glands of the
skin, are said® to be connected, even in the same race of men.
Generally the hair varies in the same way all over the body in
length, fineness, and curliness. The same rule holds good with
feathers, as we see with the laced and frizzled breeds both of
fowls and pigeons. In the common cock the feathers on the neck
and loins are always of a particular shape, called hackles: now
in the Polish breed, both sexes are characterised by a tuft of
feathers on the head; but through correlation these feathers
in the male always assume the form of hackles. The wing and
tail-feathers, though arising from parts not homologous, vary
in length together ; so that long or short winged pigeons generally
have long or short tails. The case of the Jacobin-pigeon is
more curious, for the wing and tail feathers are remarkably
long; and this apparently has arisen in correlation with the
elongated and reversed feathers on the back of the neck, which
form the hood.

The hoofs and hair are homologous appendages; and a careful
observer, namely Azara,"” states that in Paraguay horses of various
colours are often born with their hair curled and twisted like that
on the head of a negro. This peculiarity is strongly inherited.
But what is remarkable is that the hoofs of these horses “ are
« absolutely like those of a mule.” The hair also of the mane and
tail is invariably much shorter than usual, being only from four

2 Godron, * Sur I'Esptee,” tom. ii. p. 217
10 ¢ Quadruptdes du Paraguay,’ tom. ii. p.
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to twelve inches in length; so that curliness and shortness of
the hair are here, as with the negro, apparently correlated.

‘With respect to the horns of sheep, Youatt™ remarks that
“ multiplicity of horns is not found in any breed of much value:
“ it is generally accompanied by great length and coarseness of
“ the fleece.”  Several tropical breeds of sheep, which are clothed
with hair instead of wool, have horns almost like those of a goat.
Sturm' expressly declares that in different races the more the
wool is curled the more the horns are spirally twisted. We have
seen in the third chapter, where other analogous facts have been
given, that the parent of the Mauchamp breed, so famous for
its flecce, had peculiarly shaped horns. The inhabitants of
Angora assert' 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 conclude that the
hair or wool and the horns vary in a correlated manner. Those
who have tried hydropathy are aware that the frequent appli-
cation of cold water stimulates the skin; and whatever stimu-
lates the skin tends to increase the growth of the hair, as is well
shown in the abnormal growth of hair near old inflamed surfaces,
Now, Professor Low ! is convinced that with the different races
of British cattle thick skin and long hair depend on the hu-
midity of the climate which they inhabit. We can thus see
how a humid climate might act on the horns—in the first place
directly on the skin and hair, and secondly by correlation on
the horns. The presence or absence of horns, moreover, both in
the case of sheep and cattle, acts, as will presently be shown, by
some sort of correlation on the skull.

With respect to hair and teeth, Mr. Yarrell® found many of
the teeth deficient in three hairless “yptian” dogs, and in a
hairless terrier. The incisors, canines, and premolars suffered
most, but in ome case all the teeth, except the large tuber-
cular molar on each side, were deficient. With man several
striking cases have been recorded * of inherited baldness with in-

1 On Sheep, p. 142. Pritish Tslands,’ pp. 307, 868.
© « Uober Racen, Kroumngen, &.’ 1 ‘Procecdings Zoolog. Soe.’ 1833,
1825, 5. 24, p. 118,

1 Quoted from Conolly, in ‘The ™ Sedgwick, ‘Brit. and Foreign
Indian Field,' Feb. 1859, vol. ii. p. 266.  Medico-Chirurg. Roview,” April 1863,
M ¢ Domesticated Animsls of the p. 433,
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herited deficiency, either complete or partial, of the teeth. We see
the same connexion 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 have remarked in a former part of
this volume that the great reduction in the size of the tusks in
domestic boars probably stands in close relation with their
diminished bristles, due to a certain amount of protection; and
that the reappearance of the tusks in boars, which have become
feral and are fully exposed to the weather, probably depends on
the reappearance of the bristles. Imay 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 weal of the teg 1 structu

« It may be prevented by crossing with a more hairy breed.”

In the previous cases deficient hair, and teeth deficient in
number or size, are apparently connected. In the following
cases abnormally redundant hair, and teeth either deficient or
redundant, are likewise connected. Mr. Crawfurd * saw at the
Burmese Court a man, thirty years old, with his whole body,
exeept 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 covéred. He did not arrive at puberty, or
shed his milk teeth, until twenty years old; and at this period
he acquired five teeth in the upper jaw, namely four incisors
and one canine, and four incisor teeth in 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
had, therefore, been inherited for three generations, with the
molar teeth deficient in the grandfather and mother ; whether

17 ¢ Gard. Chronicle, 1849, p. 205,
15 ¢ Embassy to the Court of Ava,’ vol. i. p. 820.
19 ¢ Narrative of a Mission to the Court of Ava in 1835, p. 94.
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these teeth would likewise fail in the infant could not be
told. Here is another case communicated to me by Mr.
Wallace on the authority of Dr. Purland, a dentist: Julia
Pastrana, a Spanish dancer, was a remarkably fine woman, but
she had a thick masculine beard and a hairy forehead ; she was
photographed, and her stuffed skin was exhibited as a show ;
but what concerns us is, that she had in both the upper and
lower jaw an irregular double set of teeth, one row being placed
within the other, of which Dr. Purland took a cast. From the
redundancy of the teeth her mouth projected, and her face had a
gorilla-like appearance. These cases and those of the hairless
dogs forcibly call to mind the fact, that the two orders of mam-
mals—namely, the Edentata and Cetacea—which are the most
abnormal in their dermal covering, are likewise the most ab-
normal either by deficiency or redundancy of teeth.

The organs of sight and hearing are generally admitted to be
homologous, both with each other and with the various dermal ap-
pendages; hence these parts are liable to be abnormally affected
in conjunction. Mr. White Cowper says “that in all cases of
“ double microphthalmia brought under his notice he has at the
“ same time met with defective development of the dental sys-
“tem.” Certain forms of blindness séem to be associated with
the colour of the hair; a man with black hair and a woman
with light-coloured hair, both of sound constitution, married
and had nine children, all of whom were born blind ; of these
children, five “with dark hair and brown iris were afflicted
“ with amaurosis; the four others, with light-coloured hair and
“blue iris, had amaurosis and cataract conjoined,”  Several
cases could be given, showing that some relation exists between
various affections of the eyes and ears; thus 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.”*

 Theso statements aro taken from  pp. 455 and 458. Licbreich is quoted
M. Sedgwick, in the Medico-Chirurg. by Professor Devay, in his * Mariages
Review, July 1861,p. 198 ; April 1863, Consanguins,’ 1862, p. 116.
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Here is a more curious case: white cats, if they have blue
eyes, are almost always deaf. I formerly thought that the rule
was invariable, but T have heard of a few authentic exceptions.
The first two notices were published in 1829, and relate to
English and Persian cats: of the latter, the Rev. W. T. Bree
possessed a female, and he states « that of the offspring pro-
“ Quced at one and the same birth, such as, like the mother,
& wero entirely white (with blue eyes) were, like her, invariably
« 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 eye, 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 com-
« mon colour that was deaf.” In France Dr. Sichel® has ob-
served during twenty years similar facts; he adds the remark-
able case of the iris beginning, at the end of four months, to
grow dark-coloured, and then the cat first began to hear.,

This case of correlation in cats has struck many persons as
marvellous. There is nothing unusual in the relation between
blue eyes and white fur; and we have already seen that the
organs of sight and hearing are often simultaneously affected.
In the present instance the cause probably lies in a slight arrest
of development in the neryous system in connection with the
sensc-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, as long as the eyes continue closed, the iris is no
doubt blue, for in all the kittens which I have seen this colour
remains for some time after the eyelids open. Hence, if we sup-
pose the development of the organs of sight and hearing to be
arrested at the stage of the closed eyelids, the eyes would re-

2 Loudon's ¢ Mag. of Nat. Hist, vol.  on the inheritance of deafness in cats.

i, 1829, pp. 66, 178. Seo also Dr. P ¢ Annales des Se. Nat.’ Zoolog, 3rd
Luces, ‘L/Héréd, Nat, tom, i. p. 428,  series, 1847, tom. viil. p. 259,
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main permanently blue and the ears would be incapable of per-
ceiving sound ; and we should thus understand this curious case,
As, however, the colour of the fur is determined long before
birth, and as the blueness of the eyes and the whiteness of the
fur are obviously connected, we must believe that some primary
cause acts at an carly period.

The instances of correlated variability hitherto given have
been chiefly drawn from the animal kingdom, and we will now
turn to plants. Leaves, sepals, petals, stamens, and pistils are
all homologous. In double flowers we see that the stamens and
pistils vary in the same manner, and assume the form and colour
of the petals. In the double columbine (Aqudlegia vulgaris), the
successive whorls of stamens are converted into cornucopias,
which are enclosed within each other and resemble the petals.
In hose-and-hose flowers the sepals mock the petals. In some
cases the flowers and leaves vary together in tint: in all the
varieties of the common pea, which have purple flowers, a
purple mark may be seen on the stipules. In other cases the
leaves and fruit and seeds vary together in colour, as in a
curious pale-leaved variety of the sycamore, which has recently
been described in France, and as in the purple-leaved hazel, in
which the ledves, 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 generally

panied by some dification in the flower, and con-
sequently in the fruit. In the Serpent melon, which has a
narrow tortuous fruit above a yard in length, the stem of the
plant, the peduncle of the female flower, and the middle lobe
of the leaf, are all elongated in a remarkable manner. On the
other hand, several varieties of Cucurbita, which have dwarfed
stems, all produce, as Naudin remarks with surprise, leaves of
the same peculiar shape. Mr. G Maw informs me that all the
varieties of the scarlet Pelargoniums which have contracted or
i leaves have d flowers: the dif between

¢ Gardener’s Chron.” 1864, p. 1202,
# Verlot gives soveral other instances, ‘Des Variétds,' 1865, p. 72.
* ¢ Arbres Fruiticrs,’ 1836, tom. i. pp. 204, 226,
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«Brilliant ” and its parent « Tom Thumb” is a good instance of
this. It may be suspected that the curious case described by
Risso® of a variety of the Orange which produces on the young
shoots rounded leaves with winged petioles, and afterwards
elongated leaves on long but wingless petioles, is connected
with the remarkable change in form and nature which the fruit
undergoes during its development.

In the following instance we have the colour and form
of the petals apparently correlated, and both dependent on
the nature of the season. An observer, skilled in the subject,
writes? T noticed, during the year 1842, that every Dahlia, of
« which the colour had any tendency to scarlet, was deeply
« notehed—indeed to so great an extent as to give the petals the
« appearance of a saw; the indentures were, in some instances,
« more than a quarter of an inch deep.” Again, Dahlias which
have their petals tipped with a different colour from the rest are
very inconstant, and during certain years some, or even all the
flowers, become uniformly coloured; and it has been observed
with several varieties® that when this happens the petals grow
much elongated and loso their proper shape. This, however,
may be due to reversion, both in colour and form, to the
aboriginal species.

In this discussion on correlation, we have hitherto treated of
cases in which we can partly understand the bond of connexion ;
but T will now give cases in which we cannot even conjecture, or
can only very obscurely see, what is the nature of the bond.
Tsidore Gieoffroy St. Hilaire, in his work on Monstrosities, in-
sists “que certaines anomalies coexistent rarement entr’elles,
« d’autres fréquemment, d’antres enfin presque constamment,
«malgré la différence tres-grande do leur nature, et quoiqu'elles
« puissent paraitre complatement indépendantes les unes des
«autres” We see something analogous in certain diseases:
thus I hear from Mr. Paget that in a rare affection of the

28 ¢ Annales du Muséum; fom. xx.p.  * ¢Hist. des Anomalics; tom. iii. p.

188. 402, See also M. Comille Dareste,
7 + Gardener's Chron.; 1843, p. 877.  *Recherches sur los Conditions, &c.,
5 Tbid,, 1845, p. 102. 1863, pp. 16, 48.
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renal capsules (of which the functions are unknown), the skin
becomes bronzed ; and in hereditary syphilis, both the milk and
the second teeth assume a peculiar and characteristic form.
Professor Rolleston, also, informs me that the incisor teeth are
sometimes furnished with a vaseular rim in correlation with
intra-pulmonary deposition of tubercles. In other cases of
phthisis and of cyanosis the nails and finger-ends become
clubbed like acorns. I believe that no explanation has been
offered of these and of many other cases of correlated disease.

‘What can be more curious and less intelligible than the fact
previously given, on the authority of Mr. Tegetmeier, that
young pigeons of all breeds, which when mature have white,
yellow, silver-blue, or dun-coloured plumage, come out of the
egg almost naked ; whereas pigeons of other colours when first
born are clothed with plenty of down ? White Pea-fowls, as has
been observed both in England and France® and as I have
myself seen, are inferior in size to the common coloured kind ;
and this cannot be accounted for by the belief that albinism is
alvays 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 forcheads, upturned
muzzles, and curved lower jaws. In the skull the nasal and pre-
maxillary 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 analogical
case of the dog, hereafter to be given, it is probable that the
shortening of the nasal and adjoining bones is the proximate
cause of the other di i in the skull, including the
upward curvature of the lower jaw, though we cannot follow
out the steps by which these changes have been effected,

Polish fowls have a large tuft of feathers on their heads; and
their skulls are perforated by numerous holes, so that a pin can
be driven into the brain without touching any bone. That
this deficiency of bone is in some way connected with the tuft
of feathers is clear from tufted ducks and geese likewise having

* Rev. E. 8. Dixon, ‘Ornamental Poultry,’ 1848, p. 111; Isidore Geoffroy,
“ Hist. Anomalies,’ tom, i. p. 211,
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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 with Polish fowls the tuft
of feathers was probably at first small; by continued selection
it became larger, and then rested on a fleshy or fibrous mass;
and finally, as it became still larger, the skull itself became
more and more protuberant until it acquired its present ex-
traordinary structure. Through correlation with the protu-
berance of the skull, the shape and even the relative connexion
of the premaxillary and nasal bones, the shape of the orifice of
the nostrils, the breadth of the frontal bone, the shape of the
post-lateral processes of the frontal and squamosal bones, and
the direction of the bony cavity of the ear, have all been modi-
fied. The internal configuration of the skull and the whole
shape of the brain have likewise been altered in a truly mar-
vellous manner.

After this case of the Polish fowl it would be superfluous to
do more than refer to the details previously given on the
manner in which the changed form of the comb, in various
breeds of the fowl, has affected the skull, causing by correlation
crests, protuberances, and depressions on its surface.

With our cattle and sheep the horns stand in close con-
nexion with the size of the skull, and with the shape of the
frontal bones; thus Cline® found that the skull of a horned
ram weighed five times as much as that of a hornless ram of
the same age. When cattle become hornless, the frontal bones
are “materially diminished in breadth towards the poll;” and
the cavities between the bony plates are not so deep, nor do
« they extend beyond the frontals.”®

It may be well here to pause and observe how the effects
of correlated variability, of the increased use of parts, and of the
accumulation through natural selection of so-called spontaneous
variations, are in many cases inextricably commingled. We
may borrow an illustration from Mr. Herbert Spencer, who
remarks that, when the Irish elk acquired its gigantic horns,
weighing above one hundred pounds, numerous co-ordinated

3 «On the Breeding of Domestic Animals,” 1829, p. 6.
3 Youatt on Cattle, 1834, p. 283.
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changes of structure would have been indispensable,—namely,
a thickened skull to carry the horns; strengthened cervical
vertebra, with strengthened ligaments; enlarged dorsal verte-
bree to support the neck, with powerful fore-legs and feet; all
these parts being supplied with proper muscles, blood-vessels,
and nerves. How then could these admirably co-ordinated
modifications of structure have been acquired ?  According to
the doctrine which I maintain, the horns of the male elk were
slowly gained through sexual selection,—that is, by the best-
armed males conquering the worse-armed, and leaving a greater
number of descendants. But it is not at all necessary that
the several parts of the body should have simultaneously varied.
Each stag presents individual differences, and in the same
district those which had slightly heavier horns, or stronger
necks, or stronger bodies, or were the most courageous, would
secure the greater number of does, and consequently leave a
greater number of offspring. The offspring would inherit, in
a greater or less degree, these same qualities, would occasionally
intercross with each other, or with other individuals varying in
some favourable manner; and of their offspring, those which
were the best endowed in any respect would continue multi-
plying; and so onwards, always Pprogressing, sometimes in one
direction, and sometimes in another, towards the present excel-
lently co-ordinated structure of the male elk. To make this
clear, let us reflect on the probable steps, as shown in the
twentieth chapter, by which our race and dray-horses have
arrived at their present state of excellence ; if we could view the
whole series of intermediate forms between one of these animals
and an early unimproved progenitor, we should behold & vast
number of animals, not equally improved in each generation
througl their entire st , but i a little more
in one point, and sometimes in another, yet on the whole gradu-
ally approaching in character to our present race or dray-
horses, which are so admirably fitted in the one case for fleetness
and in the other for draught.

Although natural selection would thus® tend to give to the

* Mr. Horbert Spencer (‘Principlos  remarks : “Wo have seen reason to
of Biology," 1864, vol. i. pp. 452, 468)  * think that,as fast as essential facultioy
takes a different view ; and in one place  “ multiply, and as fast as the number of
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male elk its present structure, yet it is probable that the inhe-
rited influence of use has played an equal or more important
part. As the horns gradually increased in weight, the muscles
of the neck, with the bones to which they are attached, ‘would
increase in size and strength; and these parts would react on
the body and legs. Nor must we overlook the fact that certain
parts of the skull and the 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 facts given with
respect to horned and hornless cattle, it is probable that the
horns and skull would immediately act on each other through
the principle of correlation. Lastly, the growth and subse-
quent, wear and tear of the sugmented muscles and bones
would require an increased supply of blood, and consequently
an increased supply of food; and this again would require
increased powers of ication, digestion, ion, and
excretion.

Colour as Correlated with Constitutional Peculiarities.

Tt is an old belief that with man there is a connexion between
complexion and constitution; and I find that some of the best
authorities believe in this to the present day# Thus Dr.
Beddoe by his tables shows® that a relation exists between
liability 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

“organs that co-operate in any given
“ function increases, indirect equilibra-
« tion through natural selection becomes
“ less and less capable of producing spe-
«cific adaptations ; and remains fully
« capable only of maintaining the gene-
« ral fitnessof constitution toconditions.”
This view that natural selection can do
Tittle in modifying the higher animals
surprises me, seeing that man’s selee-

tion has undoubtedly effected much.
with our domesticated quadrupeds and
‘birds.

34 Dr. Prosper Lucas apparently dis-
believes in any such connexion, I Héréd.
Nat,’ tom. ii. pp. 88-94.

3 « British Medical Journal,’ 1862, p.
438,
% Boudin, ‘Géograph. Médicale,
tom. i. p. 406.
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southern parts of Europe, withstood the intense cold better than
those with lighter complexions from the north ; but no doubt
such statements are liable to error.

In the second chapter on Selection I have given several cases
proving that with animals and plants differences in colour are

lated with constitutional di as shown by greater or
less immunity from certain diseases, from the attacks of parasitic
plants and animals, from burning by the sun, and from the
action of certain poisons. When all the individuals of any ono
variety possess an immunity of this nature, we cannot feel sure
that it stands in any sort of correlation with their colour; but
when several varieties of the same species, which are similarly
coloured, are thus characterised, whilst other coloured varieties
are not thus favoured, wé must believe in the existence of a
correlation of this kind. Thus in the United States purple-
fruited plums of many kinds are far more affected by a certain
disease than green or yellow-fruited varieties. 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 colows. Red wheats are believed
to be hardier than white; whilst red-flowered hyacinths were
more injured during one particular winter in Holland than other
coloured varieties. With animals, white terriers suffer most
from the distemper, white chickens from a parasitic worm in
their trachese, 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 aro
at present wholly inexplicable. I have already given a remark-
ablo instance, on the authority of Professor Wyman, of all the
hogs, excopting those of a black colour, suffering. severely
in Virginia from eating the root of the Lacknanthes tinctoria.
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According to Spinola and others,” buckwheat (Polygonum fago-
pyrum), 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. By two accounts, the Hy-
pericum crispum in Sicily is poisonous to white sheep alone;
their heads swell, their wool falls off, and they often die ; but
this plant, according to Lecce, is poisonous only when it 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 Fastern Prussia,
of white and white-spotted horses being greatly injured by
eating mildewed and honeydewed vetches; every spot of skin
bearing white hairs 1 ing inflamed and The
Rev. J. Rodwell informs me that his father turned out about
fifteen cart-horses into a field of tares which in parts swarmed
with black aphides, and which no doubt were honeydewed, and
probably mildewed; the horses, with two exceptions, were ches-
nuts and bays with white marks on their faces and pasterns,
and the white parts alone swelled and became angry scabs.
The two bay horses with no white marks entirely escaped all
injury. In Guernsey, when horses eat fools’ parsley (Zithusa
cynapium) they are sometimes violently purged; and this
plant “has a peculiar effect on the nose and lips, causing
“deep cracks and ulcers, particularly on horses with white
“ muzzles,”® ~ With cattle, independently of the action of
any poison, cases have been published by Youatt and Erdt
of cutaneous diseases with much constitutional disturbance (in
one instance after exposure to a hot sun) affecting every single
point which bore a white hair, but completely passing over
other parts of the body. Similar cases have been observed
with horses.*

We thus see that not only do those parts of the skin which
bear white hair differ in a remarkable manner from those bearing

7 This fact and the following cases, M. Mogford, in the  Veterinarian,”
when not stated to the contrary, are  quoted in ¢ The Field, Jan. 22, 1861, p.
taken_from a very curious paper 545,

Prof, Hensinger, in ‘ Wochenschrift fir  ® ¢Edinburgh Veterinary Journal,’
Heilkunde,” May 1846, 5. 277. Oct. 1860, p. 347.
VOL. 1L z
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hair of any other colour, but that in addition some great con-
stitutional difference must stand in correlation with the colour
of the hair; for in the above-mentioned cases, vegetable poisons
caused fever, swelling of the head, as well as other symptoms,
and even death, to all the white or white-spotted animals.
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rles Darwin Online
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CHAPTER XXVI

TAWS OF VARIATION, continued — SUMMARY.

ON THE AFFINITY AND CONESION OF HOMOLOGOUS PARTS — ON THE VARIABILITY OF
MULTIPLE AND pARTS — OF GROWTH —
PRESSURE — RELATIVE POSITION OF FLOWERS WITH RESPECT TO THE AXIS OF THE
PLANT, AND OF SEEDS IN THE CAPSULE, AS INDUCING VARIATION — ANALOGOUS OR
PARALLEL VARIETIES — SUMMARY OF THE THREE LAST CHAPTERS,

On the Affinity of Homologous Parts—Tuis law was first
generalised by Geoffroy Saint Hilaire, under the expression of
La loi de Uaffinité de soi pour soi. It has been fully discussed and
illustrated by his son, Isidore Geoffroy, with respect to monsters
in the animal kingdom,' and by Moquin-Tandon, with respect
to monstrous plants. When similar or homologous parts,
whether belonging to the same embryo or to two distinct
embryos, are brought during an early stage of development into
contact, they often blend into a single part or organ; and this
complete fusion indicates some mutual affinity between the
parts, otherwise they would simply cohere. Whether any
power exists which tends to bring homologous parts into con-
tact seems more doubtful. The tendency to complete fusion is
not a rare or exceptional fact. It is exhibited in the most
striking manner by double monsters. Nothing can be more extra-
ordinary than the manner, as shown in various published plates,
in which the corresponding parts of two embryos become in-
timately 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 union of two half-
1 *Hist des Anomalics, 1832, tom. i. pp. 22, 587-556; tom. iii. p. 462.
z 2
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faces. Whenever two bodies or two heads are united, each
bone, muscle, vessel, and nerve on the line of Jjunction seems
to seek out its fellow, and becomes completely fused with it.
Lereboullet,? who carefully studied the development of double
monsters in fishes, observed in fifteen instances the steps by
which two heads gradually became fused into one. In this and
other such cases, no one, I presume, supposes that the two
already formed heads actually blend together, but that the
corresponding parts of each head grow into one during the
further progress of development, accompanied as it always is
with incessant absorption and renovation. Double monsters
were formerly thought to be formed by the union of two
originally distinct embryos developed upon distinct vitelli; but
now it is admitted that “their production is due to the sponta-
“neous divarication of the embryonic mass into two halves;”?
this, however, is effected by different methods. But the belief
that double monsters originate from the division of one germ,
does not necessarily affect the question of subsequent fusion, or
render less true the law of the affinity of homologous parts.

The cautious and sagacious J. Miiller,* when speaking of
Janus-like monsters, says, that “without the supposition that some
“ kind of affinity or attraction is exerted between corresponding
“ parts, unions of this kind are inexplicable.” On the other
hand, Vrolik, and he is followed by others, disputes this con-
clusion, and argues from the existence of a whole series of mon-
strosities, graduating from a perfectly double monster to a mere
rudiment of an additional digit, that “an excess of formative
“ power” is the cause and origin of every monstrous duplicity.
That there are two distinct classes of cases, and that parts may be
doubled independently of the existence of two embryos, is certain ;
for a single embryo, or even a single adult animal, may produce
doubled organs. Thus Valentin, as quoted by Vrolik, injured
the caudal extremity of an embryo, and three days afterwards it
produced rudiments of a double pelvis and of double hind limbs.

? “Comptes Rendus,’ 1855, pp. 855, ¢ ‘Elements of Physiology; Eng.
1029. translat, vol. i, 1838, p. 412, With
3 Carpenter’s *Comp. Phys,’ 1854, respect to Vrolik, see Todd's * Cyclop. of
P. 480; see also Camille Dareste, Anat. and Phys,’ vol. iv., 1849-52,
¢ Comptes Rendus,’ March 20th, 1865, p. 973.
P. 562,
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Hunter and others have observed lizards with their tails repro-
duced and doubled. When Bonnet divided longitudinally the
foot of the sal der, several additional digits were jonally
formed. But neither these cases, nor the perfect series from a
double monster to an additional digit, seem to me opposed to
the belief that corresponding parts have a mutual affinity, and
consequently tend to fuse together. A part may be doubled
and remain in this state, or the two parts thus formed may
afterwards through the law of affinity become blended ; or two
homologous parts in two separate embryos may, through the
same principle, unite and form a single part.

The law of the affinity and fusion of similar parts applies to
the homologous organs of the same individual animal, as well as
to double monsters. Isidore Geoffroy gives a number of in-
stances of two or more digits, of two whole legs, of two kidneys,
and of several teeth becoming symmetrically fused together in
a more or less perfect manner. Even the two eyes have been
known to unite into a single eye, forming a cyclopean monster,
as have the two ears, thongh naturally standing so far apart.
As Geoffroy remarks, these facts illustrate in an admirable
manner the normal fusion of various organs which during an
carly embryonie period are double, but which afterwards always
unite into a single median organ. Organs of this nature are
generally found in a permanently double condition in other
members of the same class. These cases of normal fusion
appear to me to afford the strongest support in favour of the
present Ja.  Adjoining parts which are not homologous some-
times cohere; but this cohesion appears to result from mere
juxtaposition, and not from mutual affinity.

In the vegetable kingdom Moquin-Tandon® gives a long
list of cases, showing how frequently homologous parts, such
as leaves, petals, stamens, and pistils, as well as aggregates of
homologous parts, such as buds, flowers, and fruit, become
blended into each other with perfect symmetry. It is interesting
to examine a compound flower of this nature, formed of exactly
double the proper mumber of sepals, petals, stamens, and pistils,
with each whorl of organs circular, and with no trace left of the

5« Tératolog'e Vég.," 1841, livre jii.
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process of fusion. The tendency in homologous parts to unite
during their early development, Moquin-Tandon considers as
one of the most striking laws governing the production of
monsters. It apparently explains a multitude of cases, both in
the animal and vegetable kingdoms; it throws a clear light on
many normal structures which have evidently been formed by
the union of originally distinct parts, and it possesses, as we
shall see in a future chapter, much theoretical interest.

On the Variability of Multiple and Homologous Parts—
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 Tespect to
number, the proposition may, I think, be considered as fully
established; but the evidence is chiefly derived from organic
beings living under their natural conditions, with which we are
not here concerned. When the vertebra, or teeth, or rays in
the fins of fishes, or feathers in the tails of birds, or petals,
stamens, pistils, and seeds in plants, are very numerous, the
number is generally variable, The explanation of this simple
fact is by no means obvious. With respect to the variability in
structure of multiple parts, the evidence is not so decisive 5 but
the fact, as far as it may be trusted, probably depends on mul-
tiple parts being of less physiological importance than single
parts; consequently their perfect standard of structure has been
less rigorously enforced by natural selection,

Compensation of Giroweh, or Balancement,—This law, as applied
to natural species, was propounded by Goethe and Geoffroy St.
Hilaire at nearly the same time. It implies that, when much
organised matter 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 T can judge, it occasionally holds good; but its im-
portance has probably been exaggerated. It is scarcely possible
to distinguish between the supposed effects of such compensation
of growth, and the effects of long-continued selection, which

©  Hist. des Anomalies,” tom. iii. pp. 4, 5, 6.
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may at the same time lead to the augmentation of one part and
the diminution of another. There can be no doubt that an organ
may be greatly increased without any corresponding diminution
in the adjoining parts. To recur to our former illustration
of the Irish elk, it may be asked what part has suffered in con-
sequence of the immense development of the horns ?

Tt has already been observed that the struggle for existence
does not bear hard on our domesticated productions; conse-
quently the principle of economy of growth will seldom affect
them, and we ought not to expect to find frequent evidence of
compensation. We have, however, some such cases. Moquin-
Tandon describes a monstrous bean, in which the stipules were
enormously developed, and the leaflets apparently in conse-
quence completely aborted; this case is interesting, as it repre-
sents the natural condition of Lathyrus aphaca, with its stipules
of great size, and its leaves reduced to mere threads, which act
as tendrils. De Candolle® has remarked that the varieties of
Raphanus sativus which have small roots yield numerous seed,
valuable from containing oil, whilst those with large roots are
not productive in this latter respect; and so it is with Brussica
asperifolia. The varieties of the potato which produce tubers
very early in the season rarely bear flowers; but Andrew
Knight,? by checking the growth of the tubers, forced the plants
to flower. The varieties of Cucurbita pepo which produce
large fruit yield, according to Naudin, few in mumber; whilst
those producing small fruit yield a vast number.  Lastly,
T have endeavoured to show in the eighteenth chapter that with
many cultivated plants 1 t checks the full
and proper action of the reproductive organs, and they are
thus rendered more or less sterile; consequently, in the way
of compensation, the fruit becomes greatly enlarged, and, in
double flowers, the petals are greatly increased in number.

With animals, it has been found difficult to produce cows
which should first yield much milk, and afterwards be capable of

7 Tératologie Ve, p. 156 Seealso  * *Mémoires du Muséum,” &e, tom.
my paper on climbing plants in ‘Jour-  viil. p. 178.
nal of Linn. Soc. Bot, vol. ix., 1865,  ° Loudows ‘ Encyclop. of Gardening,'
p. 114, p- 829.
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fattening well. With fowls which have large topknots and
beards the comb and wattles are generally much reduced in
size.  Perhaps the entire absence of the oil-gland in fantail
pigeons may be connected with the great development of their
tails.

Mechanical Pressure as a Cause of Modifications.—In some
few cases there is reason to believe that mere mechanical
pressure has affected certain structures. Every one knows that
savages alter the shape of their infants’ skulls by pressure at
an early age; but there is no reason to believe that the result
is ever inherited. Nevertheless Vrolik and ‘Weber ° maintain
that the shape of the human head is influenced by the shape
of the mother’s pelvis. The kidneys in different birds differ
much in form, and St. Ange" believes that this is determined
by the form of the pelvis, which again, no doubt, stands in
close relation with their various habits of locomotion. In snakes,
the viseera are curiously displaced, in comparison with their
position in other vertebrates; and this has been attributed by
some authors to the elongation of their bodies; but here, as
in so many previous cases, it is impossible to disentangle any
direct result of this kind from that consequent on natural selec-
tion. Godron has argued that the normal abortion of the
spur on the inner side of the flower in Corydalis, is caused by
the buds being closely pressed at a very early period of growth,
whilst under ground, against each other and against the stem.
Some botanists believe that the singular difference in the shape
both of the seed and corolla, in the interior and exterior florets
in certain compositous and umbelliferous plants, is due to the
Ppressure to which the inner florets are subjected; but this con-
clusion is doubtful.

The facts just given do not relate to domesticated produc-
tions, and therefore do not strictly concern us. But here is
@ more appropriate case: H. Miller'® has shown that in short-

¥ Prichard, ‘Phys. Hist. of Man- 1039,
kind, 1851, vol. i. p. 324, ' Ueber Fitalo Rachites, *Wiirz-

1 * Aunales des So. Nt Ist series,  burger Modicin. Zeitschrifty 1860, B. i.

tom. xix. p. 327, 5. 205.
2 * Comptes Rendus,’ Deo. 1864, p.
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faced races of the dog some of the molar teeth are placed in a
slightly different position from that which they occupy in other
dogs, especially in those having elongated muzzles; and as
he remarks, any inherited change in the arrangement of the
teeth deserves notice, considering their classificatory import-
ance. This difference in position is due to the shortening of
certain facial bones, and the consequent want of space; and
the shortening results from a peculiar and abnormal state of
the basal cartilages of the bones.

. Relative Position of Flowers with respect to the Axis, and of Seeds
in the Capsule, as inducing Variation.

In the thirteenth chapter various peloric flowers were described, and
their produetion 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
& lateral branch are more liable to become peloric than those on the
sides;* and he adduces, amongst other instances, that of Teucrium cain-
panudatum. Tn another Labiate plant grown by me, viz. the Galeobdolon
lutewn, the peloric flowers were always produced on the summit of the
stem, where flowers aro not usually borne. In Pelargonium, a_single
flower in the truss is frequently peloric, and when this ocours I have
during several years invariably observed it to be the central flower. This
i of such frequent occurrence that one observer’® gives the names of ton
varieties flowering at the same time, in every one of which the central
flower was peloric. Occasionally more than one flower-in the truss is
peloric, and then of course the additional ones must be lateral. These flowers
aro interesting as showing how the whole structure is correlated. In the
common Pelargonium the upper sepal is produced into a nectary which
coheres with the flower-peduncle; the two upper petals differ a little in shape
from the three lower ones, and are marked with dark shades of colour; the
stamens are graduated in length and upturned. In the peloric flowers,
the nectary aborts; all the petals become alike both in shape and colour;
the stamens are generally reduced in number and become straight, so that
the whole flower resembles that of the allied genus Erodium. The cor-
relation between these changes is well shown when one of the two upper
petals alone loses its dark mark, for in this ease the nectary does not
entirely abort, but is usually much reduced in length.’®

 “Tératologie Vég, p. 192. Dr.M.  2nd, 1861, p. 258,
Masters informs mo that he doubts the 16 Tt would be worth trial to fertilise
truth of this conclusion but the facts  with the same pollen the central and
{0 be given scem to bo sufficicnt to estab-  Iateral flowers of the pelargonium, and
lish it. of some other highly cultivated plants,
1 < Journal of Horticulture! July  protecting them of course from insccts :
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Morren has described ” a marvellous flask-shaped flower of the Calceo-
laria, nearly four inchos in length, which was almost complotely peloric;
it grew on the summit of the plant, with a normal flower on each side;
Prof. Westwood also has deseribed ™ threo similar pelorio flowers, which all
occupied a central position on the flower-branches, In the Orchideous
genus, Phalenopsis, tho terminal flower has been seen to become peloric,

In & Laburnum-tree I observed that about a fourth part of the racemes
produced terminal flowers which had lost their papilionaceous stracture.
Theso were produced after almost all the other flowers on the same racomes
had withered. ‘The most perfectly pelorised examples had six petals, cach
marked with black striz like those on the standard-petal. The keel scemed
to resist the change more than the other petals. Dutrochet has described
an exactly similar case in France, and T believe theso aro the only two
instances of pelorism in the laburnum which have been recorded. .
Dutrochet remarkss that the racemes on this tree do not properly produce
o terminal flower, so that, as in the case of tho Galeobdolon, their position
as well as their structure are both anomalies, which no doubt are in
some manner related. Dr. Masters has briefly described another legumi-
nous plant* namely, a species of clover, in which the uppermost and
central flowers 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
spurred form almost invariably stands on the summit of the spike.

The tendency in the terminal o central flower to become peloric more fre-
quently than other flowers, probably results from “the bud which stands
+onthe end of a shoot receiving the most sap; it grows out into a stronger
“shoot than those situated lower down.” Thave discussed the connection
between pelorism and a central position, partly bocauso some fow plants
are known normally to produce a terminal flower different in structure
from the Iateral ones; but chiefly on account of the following case, in
which we see a tendency to variability or to reversion connected with
the samo position. A great judge of Auriculas® states that when an
Auricula throws up a side bloom it is pretty suro to keep its character;
but that if it grows from the centro or heart of the plant, whatever the
colour of the edging ought to be, “ it is just as likely to como in any other
*class as in the one to which it properly belongs.” This is so notorious a

then to sow  the seed separately, and
observe whether the one or the other
lot of seedlings varied the most,

7 Quoted in *Journal of Horticulture,”
Feb. 24, 1863, p. 152,

™ ¢ Gardener’s Chronicle; 1866, p.
612, For the Phalwnopsis, sce idem,
1867, p. 211.

 Mémoires .
tom. ii. p. 170,

+ des Végétaux, 1887,

¢ Journal
23, 1861, p. B11.

*t “Nouvelles Archives du Muséum,’
tom. i. p. 137,

* Hugo von Mohl, ¢ The Vegetable
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 The Rev. H. H. Dombrain
*Journal of Horticulture,’ 1861, J
dth, p. 174; and June 25th, p. 234;
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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, 1 do mot know. Mr.
Dombrain insists that, whatever may be the commonest kind of imper-
fection in each variety, this is generally exaggerated in the central truss.
Thus one variety “sometimes has the fault 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 change all would have
been converted into small leaves. In this case we clearly see a ten-
deney to prolification—a term which, I may explain to those who have
never attended to botany, means the production of a branch or flower,
or head of flowers, out of another flower. Now Dr. Masters® states that
the central or uppermost flower on a plant is generally the most liable to
prolification. Thus, in the varieties of the Auricula, the loss of their
proper character and a tendency to prolification, and in other plants a ten-
dency to prolification and pelorism, are all connected together, and are due
cither to arrested development, or to reversion to a former condition.

The following is a more interesting case; Motzger® eultivated in Ger-
many several kinds of maize brought from the hotter parts of America,
and he found, as has been 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 genera-
tion, whilst the lower grains on each head retained their proper character,
the nppermost 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, as influenced by the position of
the sced in the capsule, evidently acts. The Blue Imperial pea is the
offspring of the Blue Prussian, and has larger seed and broader pods
than its parent, Now Mr. Masters, of Canterbury, a careful observer and
& raiser of new varieties of the pes, states™ that the Blue Tmperial always
has a strong tendency to revert to its parent-stock, and the reversion
“ oceurs in this manner: the last (or uppermost) pea in the pod is fre-
« quently much smaller than the rest; and if these small peas are care-
« fully collected and sown separately, very many more, in proportion,
« will revert to their origin, than those taken from the other parts of the
«pod”  Again M. Chaté says that in raising seedling stocks he succeeds
in getting eighty per cent. to bear double flowers, by leaving only a few of
the secondary branches to seed; but in addition to this, “at the timo
« of extracting the seeds, the upper portion of the pod is separated and

2 <Transact. Linn. Soc,’ vol. xxiii, % ‘Gardener’s Chronicle) 1850, p.
1861, p. 360. 198.

% Die Getreidearten,’ 1843, s. 208, % Quoted in *Gardener’s Chron.’
209 1866, p. 74
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« placed aside, becanse it has been ascertained that the plants coming from
“ the sceds situated in this portion of the pod, give cighty per cent. of single
“flowers.” Now the production 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
‘prolification, show in an interesting manner how small a difference—namely
alittle greater frecdom in the flow of sap towards one part of the same
plant—determines important changes of structure.

Analogous or Parallel Variation—By this term 1 wish to
express that similar characters occasionally make their appear-
ance in the several varieties or races descended from the same
species, and more rarely in the offspring of widely distinct species.
‘We are here concerned, not as hitherto with the causes of varia-
tion, but with the results; but this discussion could not have
been more conveniently introduced elsewhere. The cases of
analogous variation, as far as their origin is concerned, may be
grouped, disregarding minor subdivisions, under two main heads ;
firstly, those due to unknown canses having acted on organic
beings with nearly the same itution, and which quently
vary in an analogous manner; and secondly, those due to the
reappearance of characters which were possessed by a more
or less remote progenitor. But these two main divisions can
often be only conjecturally separated, and graduate, as we shall
presently see, into each other.

Under the first head of analogous variations, not due to reversion, we
have the many cases of trees belonging to quite different orders which
have produced pendulous and fastigate varieties. The beech, hazel, and
barberry have given rise to purple-leaved varicties; and as Bernhardi
has remarked,® a multitude of plants, as distinct as possible, have yielded
varieties with deeply-cut or laciniated leaves, Varieties descended from
three distinct species of Brassica have their stems, or so-called roots, en-
Targed into globular masses. The neetarine is the offspring of the peach;
and the varieties of both these trees offer a remarkable parallelism in the
fruit being white, red, or yellow fleshed—in being clingstones or free-
stones—in the flowers being large or small—in the leaves being serratod
or crenated, furnished with globose or reniform glands, or quite destituto
of glands. It should be remarked that each variety of the nectarine has
not derived its character from a corresponding varicty of the peach. The
soveral varieties also of a closely allied genus, namely the apricot, differ
from each other in nearly the same parallel manncr. There is no reason

# ¢ Ueber den Begriff der Pflanzenart,’ 1834, s. 14.
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£ beliove that in any of these cases long-lost characters have reappeared,
and in most of them this certainly has not occurred.

Three species of Cucurbita have yielded a multitude of races, which cor-
respond so closely in character that, as Naudin insists, they may be ar-
ranged in an almost strictly parallel series. Several varieties of the melon
are i ing from ing in important s, 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
eracks and falls into pieccs; and all these highly remarkable peculia-
rities 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
early progenitor. Our cereal and many other plants offer similar cases.

With animals we have fewer cases of analogous variation, independently
of direct reversion. We see something of the kind in the resemblance
‘between the short-muzzled races of the dog, such as the pugand bull-
dog; in feather-footed races of the fowl, pigeon, and canary-bird; in horses
of the most different races presenting the same range of colour; in
all black-and-tan dogs having tan-coloured cye-spots and feet, but in
{his Iatter case reversion may possibly have played a part. Low has
remarked® that several breeds of cattle are “sheeted,”—that is, have a
broad band of white passing round their bodies like a sheet; this character
is strongly inherited and sometimes originates from a cross; it may bo
the first step in reversion to an original or early type, for, as was shown in
the third chapter, white cattle with dark ears, feet, and tip of tail formerly
existed, and now exist in a feral or semi-feral condition in several
quarters of the world.

Under our second main division, namely, of analogous variations due
to reversion, the best cases are afforded by animals, and by none better
than by pigeons. In all the most distinet breeds sub-varicties occa-
sionally appear coloured exactly like the parent rock-pigeon, with black
wing-bars, white loins, banded tail, &e.; and no one can doubt that these
characters are simply due to reversion. So with minor details; turbits
properly have white tails, but occasionally a bird is born with a dark-
coloured and banded tail ; pouters properly have white primary wing-
feathers, but not rarely a “sword-flighted” bird, that is, one with the
few first, primaries dark-coloured, appears; and in these cases we havo
charaoters proper to the xock-pigeon, but new to the breed, evidently
appearing from reversion. In some domestic varieties the wing-bars,
instead of being simply black, as in the rock-pigeon, are beautifully
edged with different zones of colour, and they then present a striking
amalogy with the wing-bars in cortain natural species of the same family,
such as Phaps chalcoptera; and. this may probably be accounted for by

= ¢ Domesticated Animals; 1843, p. 351
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all the forms descended from the same remote progenitor having a ten-
dency to vary in the same manner. Thus also we can perhaps understand
the fact of some Laugher-pigeons cooing almost like turtle-doves, and
of several races having peculiarities in their flight, for certain natural species
(viz. C. torquatriz and palumbus) display singular vagaries in this respect,
In other cases a race, instead of imitating in character a distinct species,
resembles some other race; thus certain runts tremble and slightly elevate
their tails, like fantails; and turbits inflate the upper part of their eso-
phagus, like pouter-pigeons.

1t is a common circumstance to find certain coloured marks persistently
characterising all the species of a genus, but differing much in tint; and
the same thing occurs with the varieties of the pigeon: thus, instead of the
general plumage being blue with the wing-bars black, there are snow-
‘white varietios with red bars, and black varieties with white bars ; i other
varieties the wing-bars, as e have seen, are elegantly zoned with different
tints. The Spot pigeon is characterised by the whole plumage being white,
excepting the tail and a spot on the forehead ; 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 one sub-
variety of the monk-pigeon we have a reversed variation, 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 out, and I have observed exactly the same
appearance in the terminal dark tail-bar in certain pigeons, and in the
whole plumage of certain varieties of the duck. Analogous facts in tho
vegetable kingdom could be given.

sub-varicties of the pigeon have reversed and somewhat lengthened
feathers on the back part of their heads, and. this is certainly not due to
Teversion to the parent-specics, which shows no trace of such structure;
but when we remember that sub-varioties of the fowl, turkey, canary-
bird, duck, and goose, all have topkuots or reversed feathers on their
heads; and when we remember that scarcely a single large natural group
of birds can be named, in which some members have not a tuft of feathers
on their heads, we may suspect that reversion to some extremely remote
form has come into action.

Several breeds of the fowl have either spangled or pencilled feathers;
and these cannot be derived from the parent-species, the Gallus banikiva ;
though of course it is possible that an early progenitor of this species
may have been spangled, and a still earlier or a later progenitor may
have been pencilled. But as many gallinaceous birds are spangled o
pencilled, it is a more probable view that the several domestic breeds
of the fowl have acquired this kind of plumage from all the members of
the family inheriting a tendency to vary in a like manner. The same
principle may account for the ewes in certain breeds of sheop 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 cach

* Bechstein, * Naturgeschichte Dentschlands,’ Band iv., 1795, s. 31
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other 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
Jnow that the wild parent of the ass has striped legs, we may feel con-
fident that the occasional appearance of stripes on the legs of the domestic
ass is due to direct reversion; but this will not account for the lower
end of the shoulder-stripe being sometimes angularly bent or slightly
forked. So, again, when we seo dun and other coloured horses with
stripes on the spine, shoulders, and legs, we are led, from reasons for-
merly given, to believe that they reappear from direct reversion to the
wild parent-horse. But when horses have two or three shoulder-stripes
with one of them occasionally forked at the lower end, or when they
have stripes on their faces, or as foals are faintly striped over nearly their
whole bodies, with the stripes angularly bent one under the other on
the forehead, or irregularly branched in other parts, it would be rash to
attribute such diversified characters to the reappearance of those proper to
the aboriginal wild horse. ~ As three African species of the genus are much
striped, and as wo have seen that the crossing of the unstriped spocies
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 genus.

1 have discussed this subject of analogous variation at consi-
derable length, because, in a future work on natural species,
it will be shown that the varieties of one species frequently
mock distinet species—a fact in perfect harmony with the fore-
going cases, and explicable only on the theory of descent.
Secondly, because these facts ave important from showing, as
remarked in a former chapter, that -each trifling variation is
governed by law, and is determined in a much higher degree
by the nature of the organisation, than by the nature of
the conditions to which the varying being has been exposed.
"Thirdly, because these facts are to a certain extent related to a
more general law, namely, that which Mr. B. D. Walsh® has
called the «Law of Equable Variability,” or, as he explains it,
«if any given character is very variable in one species of a
« group, it will tend to be variable in allied species; and if any
« given character is perfectly constant in one species of a group,
« it will tend to be constant in allied species.”

This leads me to recall a discussion in the chapter on Selec-
tion, in which it was shown that with domestic races, which are

31 ¢ Proc. Entomolog. Soc. of Philadelphia.” Oct. 1863, p. 213.
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now undergoing rapid improvement, those parts or characters
which are the most valued vary the most. This naturally fol-
lows from recently selected characters continually tending to
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 characters 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 characters; and the latter are those which have
been modified by variation and natural selection, since the period
when all the species belonging to the same genus branched off
from a common progenitor, whilst generic characters are those
which have remained unaltered from a much more remote epoch,
and accordingly are now less variable. This statement makes
a near approach to Mr. Walsh’s law of Equable Variability.
Secondary sexual characters, it may be added, rarely serve to
characterise distinct genera, for they usually differ much in the
species of the same genus, and are highly variable in the indi-
viduals of the same species; we have also seen in the earlier
chapters of this work how variable secondary sexual characters
become under domestication.

Summary of the three previous Chapters, on the Laws of Variation.

Tn the twenty-third chapter we have seen that changed con-
ditions occasionally act in a definite manner on the organisation,
so that all, or nearly all, the individuals thus exposed become
modified in the same manner. But a far more frequent result
of changed conditions, whether acting directly on the organisa-
tion or indirectly-through the reproductive system being affected,
is indefinite and fluctuating variability. In the three latter
chapters we have endeavoured to trace some of the laws by
which such variability is regulated.

Increased use adds to the size of a muscle, together with the
blood-vessels, nerves, ligaments, the crests of bone to which these
are attached, the whole bone and other connected bones. So it
iswith various glands. Increased functional activity strengthens
the . Increased and i i pressure thickens
the epidermis; and a change in the nature of the food some-
times modifies the coats of the stomach, and increases or
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decreases the length of the intestines. Continued disuse, on
the other hand, weakens and diminishes all parts of the organ-
jsation. Animals which during many generations have taken
but little exercise, have their lungs reduced in size, and as a con-
sequence 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
seapula, coracoids, and furcula, have all been reduced.

With domesticated animals, the reduction of a part from
disuse is never carried so far that a mere rudiment is left, but
we have good reason to believe that this has often occurred
under nature. The cause of this difference probably is that with
domestic animals not only sufficient time has not been granted
for so profound a change, but that, from not being exposed to a
severe struggle for life, the principle of the economy of organi-
sation does not come into action. On the contrary, we some-
times see that structures which are rudimentary in the parent-
species become partially redeveloped in  their domesticated
progeny. When rudiments are formed or left under domes-
tication, they are the result of a sudden arrest of development,
and not of long-continued disuse with the absorption of all
superfluous parts; 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 any organic being, especially when living a
free life, would often lead to the augmented or diminished use
of various organs, and consequently to their modification. From
long-continued habit, and more especially from the occasional
birth of individuals with a slightly different constitution,
domestic animals and cultivated plants become to a certain
extent acclimatised, or adapted to a climate different from that
proper to the parent-species.

Through the principle of correlated variability, when one part
varies other parts vary,—either simultaneously, or one after the
other. Thus an organ modified during an early embryonic
period affects other parts subsequently developed. When an

2
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organ, such as the beak, increases or decreases in length, ad-
joining or correlated parts, as the tongue and the orifice of the
nostrils, tend to vary in the same manner. When the whole
body increases or decreases in size, various parts become
modified ; thus with pigeons the ribs increase or decrease in
number and breadth. Homologous parts, which are identical
during their early development and are exposed to similar con-
ditions, tend to vary in the same or in some connected manner,—
as in the case of the right and left sides of the body, of the front
and hind limbs, and even of the head and limbs. 8o it is with
the organs of sight and hearing; for instance, white cats with
blue eyes are almost always deaf. There is a manifest rela-
tion throughout the body between the skin and its various
appendages of hair, feathers, hoofs, horns, and teeth. In
Paraguay, horses with curly hair have hoofs like those of a
maule; the wool and the horns of sheep vary together; hairless
dogs are deficient in their teeth; men with redundant hair have
abnormal teeth, either deficient or in excess. Birds with
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
manifest relation between a crest of feathers on the head and
a marvellous amount of change in the skull of various fowls;
and in a lesser degree, between the greatly elongated, lopping
ears of rabbits and the structure of their skulls. With plants,
the leaves, various parts of the flower, and the fruit, often
vary together in a correlated manner.

In some cases we find correlation without being able even
to conjecture what is the nature of the connexion, as with
various correlated monstrosities and diseases. This is likewise
the case with the colour of the adult pigeon, in connexion with
the presence of down on the young bird. Numerous curious
instances have been given of peculiarities of constitution, in
correlation with colour, as shown by the immunity of individuals
of some one colour from certain diseases, from the attacks of
parasites, and from the action of certain vegetable poisons.

Correlation is an important subject ; for with species, and in
a lesser degree with domestic races, we continually find that
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certain parts have been greatly modified to serve some useful
purpose; but we almost invariably find that other parts have
likewise been more or less modified, without our being able to
discover any advantage in the change. No doubt great caution
is necessary in coming to this conclusion, for it s difficult to
overrate our ignorance on the uso of various parts of the organi-
sation ; but from what we have now seen, we may believe that
many modifications are of no direct service, having arisen in
correlation with other and useful changes.

Homologous parts during their early development evince an
affinity for each other,—that is, they, tend to cohere and fuse
together much more readily than other parts. This tendency
to fusion explains a multitude of normal structures. Multiple
and homologous organs are especially liable to vary in number
and probably in form. As the supply of organised matter
is not unlimited, the principle of compensation sometimes comes
into action ; so that, when one part is greatly developed, adjoining
parts or functions arc 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 soft adjoining parts. With plants
the position of the flowers on the axis, and of the seeds in the
capsule, sometimes leads, through a freer flow of sap, to changes
of structure; but these changes are often due to reversion.
Modifications, in whatever manner caused, will be to a certain
extent regulated by that co-ordinating power or nisus forma-
tivus, which is in fact a remnant of one of the forms of repro-
duction, displayed by many lowly organised beings in their
power of fissiparous genération and budding. Finally, the effects
of the laws, which directly or indirectly govern variability, may
be largely influenced by man’s selection, and will so far be
determined by natural selection that changes advantageous to
any race will be favoured and disadvantageous changes checked.

Domestic races descended from the same species, or from
two or more allied species, are liable to revert to characters
derived from their common progenitor, and, as they have much
in common in their constitutions, they are also liable under
changed conditions to vary in the same manner; from these

2 242
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two causes analogous varieties often arise. When we reflect
on the several f ing laws, imperfectly as we und d
them, and when we bear in mind how much remains to be dis-
covered, we need not be surprised at the extremely intricate
manner in which our domestic productions have ‘varied, and
still go on varying.

omplete Work of Charle:
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CHAPTER XXVIL

PROVISIONAL HYPOTHESIS OF PANGENESIS.

PRELIMINARY TEMARKS, — FIRST PART i— THE FACTS TO BE CONNEOTED UNDER A
SINGLE POJNT OF VIEW, NAMELY, THE VARIOUS KINDS OF REPRODUCTION — THE
DIRECT ACTION OF THE MALE ELEMENT ON THE FEMALE — DEVELOPMENT —
THE FUNCTIONAL INDEPENDENCE OF THE ELEMENTS OR UNTTS OF THE BODY —
VARIABILITY — INHERITANCE — REVERSION.

SECOND PART i— STATEMENT OF THE HYPOTHESIS — HOW FAR THE NECESSARY ASSOMP-
TIONS ARE IMPROBABLE — EXPLANATION BY AID OF THE HYPOTHESIS OF THE
SEVERAL CLASSES OF FACTS SPECIFIED IN THE FIRST PART — CONCLUSION.

Ix the previous chapters large classes of facts, such as those
bearing on bud-variation, the various forms of inheritance, the
causes and laws of variation, have been discussed; and it is
obvious that these subjects, as well as the several modes of repro-
duction, stand in some sort of relation to each other. T have been
1ed, or rather forced, to form a view which to a certain extent
comnects 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 sexual element can act mot solely on
the ovule, but occasionally on the mother-form ; how a limb can
be reproduced on the exact line of amputation, with neither too
much nor too little added ; how the various modes of reproduc-
tion are connected, and so forth. I am aware that my view is
merely a provisional hypothesis or sp lation; but until a
better one be advanced, it may be serviceable by bringing
together a multitude of facts which are at present left dis-
connected by any efficient cause, As Whewell, the historian of
the inductive sciences, remarks :— Hypotheses may often be
« of service to science, when they involve a certain portion of
« incompletencss, and even of error.”  Under this point of view
1 venture to advance the hypothesis of Pangenesis, which im-
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plies that the whole organisation, in the sense of every separate
atom or unit, reproduces itself. Hence ovules and pollen-
grains,—the fertilised seed or egg, as well as buds,—include and
consist of a multitude of germs thrown off from each separate
atom of the organism.

In the First Part I will enumerate as briefly as I can the
groups of facts which seem to demand connection ; but certain
subjects, not hitherto discussed, must be treated at dispropor-
tionate length. In the Second Part the hypothesis will be given ;
and we shall see, after considering how far the necessary
assumptions are in themselves improbable, whether it serves to
bring under a single point of view the various facts.

Parr L

Reproduction may be divided into two main classes, namely,
sexual and asexual. The latter is effected in many ways—by
gemmation, that is by the formation of buds of various kinds,
and by fissip ion, that is by sp or artificial
division. It is notorious that some of the lower animals, when
cut into many pieces, reproduce so many perfect individuals :
Lyonnet cut a Nais or freshwater worm into nearly forty pieces,
and these all reproduced perfect animals.! It is probable that
segmentation 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 Miiller thought that
there was an important distinction between gemmation and
fission; for in the latter case the divided portion, however
small, is more perfectly organised; but most physiologists are
now convinced that the two processes are essentially alike.
Prof. Huxley remarks, “fission is little more than a peculiar

! Quoted by Paget, *Lectures on
Pathology, 1853, p. 159.

Dr. Lachmann, also, ohserves
(¢ Annals and Mog. of Nat. History,
20 series, vol. xix, 1857, p. 251)
with respeet to infusoria, that “fissa-
“tion and gemmation pass into each
“ other almost, imperceptibly.” Again,
Mr. W. . Minor ( Annals and Mag. of
Nat. Hist,' 3rd series, vol. xi. p. 328)

shows that with Annelids the distine-
tion that has been made between fission.
and_ budding is not a fandamental one.
See Bonnet,  (uyres 'Hist. Nat.” fom.
v, 1781, p. 339, for remarks on the
budding-out of the amputated limbs
of Salamanders. See, also, Professor
Clark's work *Mind in Nature,’ New
York, 1863, pp. 62, 94.



Citap, XXVIL OF PANGENESIS. 859

« mode of budding,” and Prof. H. J. Clark, who has especially
attended to this subject, shows in detail that there is sometimes
“q compromise 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.
Wo see the connection of the two processes in another way; for
Trembley observed that with the hydra the reproduction of the
head after amputation was checked as soon as the animal began
to bud.?

Between the production, by fissip g ion, of two or
more complete individuals, and the repair of even a very slight
injury, we have, as remarked in a former chapter, so perfect
and 1 ible a gradation, that it is impossible to doubt that
they are connected processes. Between the power which re-
pairs a trifling injury in any part, and the power which pre-
viously “was occupied in its maintenance by the continued
<« mutation of its particles,” there cannot be any great difference ;
and we may follow Mr. Paget in believing them to be the self-
same power. As at each stage of growth an amputated part
is replaced by ome in the same state of development, we
must Tikewise follow Mr. Paget in admitting  that the powers
«of development from the embryo are identical with those
« exercised for the restoration from injuries: in other words,
«that the powers are the same by which perfection is first
« achieved, and by which, when lost, it is recovered.”* Finally,
we may conclude that the several forms of gemmation, and of
fissiparous generation, the repair of injuries, the maintenance
of each part in its proper state, and the growth or progressive
development of the whole structure of the embryo, are all
essentially the results of one and the same great power.

Seaual Generation.—The union of the two sexual elements
seems to make a broad distinction between sexual and asexual
reproduction. But the well- ined cases of Partl i
prove that the distinction is not really so great as it at first
appears ; for ovules occasionally, and even in some cases fre-

5 Paget, * Lectures on Pathology,’ 1833, p. 158. 4 Tdem, pp. 152, 164,
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quently, hecome developed into perfect beings, without the con-
course of the male element. J. Miller and others admit that
ovules and buds have the same essential nature. Certain bodies,
which during their early develop cannot be disti: hed
by any external character from true ovules, nevertheless must
be classed as buds, for though formed within the ovarium they
are incapable of fertilisation. This is the case with the germ-
balls of the Cecidomyide larve, as described by Leuckart.®
Ovules and the male element, before they become united, have,
like buds, an independent existence.® Both have the power of

itting every single character possessed by the parent-
form. We seo this clearly when hybrids aro paired inter sz,
for the characters of either grandparent often reappear, either
perfectly of by segments, in the progeny. It is an error to
suppose that the male transmits certain characters and the
female other characters; though no doubt, from unknown
causes, one sex sometimes has a stronger power of transmission
than the other.

It has been maintained by some authors that a bud differs
essentially from a fertilised germ, by always reproducing the
perfect character of the parent-stock; whilst fertilised germs
become developed into beings which differ, in a greater or less
degree, from each other and from their parents. But there is
no such broad distinction as this. In the eleventh chapter,
numerous cases were given showing that buds occasionally
grow into plants having new and strongly marked characters ;
and variotics thus produced can bo propagated for a length
of time by buds, and occasionally by seed. Nevertheless, it
must be admitted that beings produced sexually are much more
liable to vary than those produced asexually ; and of this fact a
partial explanation will hereafter be attempted. Tho 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 usually retain their character during

¢ On the Asexual Reproduction of & See some excellent remarks on this
Cecydomyide Larve, translated in head by Quatrefages, in * Annales des
* Aunals and Mag. of Nat. Hist, March  Se. Nat," Zoolog, 3rd series, 1850, p.
1866, pp. 167, 171, 138,
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bud-g: i yet they y revert, even
after a long series of bud-generations, to their former character.
This tendeney to reversion inbuds is one of the most remarkable
of the several points of agreement between the offspring from
bud and seminal reproduction.

There is, however, one difference between beings produced
sexually and asexually, which is very general. The former
usually pass in the course of their development from a lower to
a higher grade, as we see in the metamorphoses of insects and

Ted

in the hoses of the brata; but this
passage from a lower to a higher grade cannot be considered as
a necessary paniment of sexual reproduction, for hardly

anything of the kind occurs in the development of Aphis
amongst insects, or with certain crustaceans, cephalopods, or
with any of the higher vascular plants. Animals propagated
asexually by buds or fission are on the other hand never known
to undergo a retrogressive metamorphosis; that is, they do not
first sink to a lower, before passing on to their higher and final
stage of development. But during the act of asexual produc-
tion or subsequently to it, they often advance in organisation,
as we see in the many cases of “alternate generation.” Tn thus
speaking of alternate generation, I follow those naturalists who
look at the process as essentially one of internal budding or of
fissiparous generation. Some of the lower plants, however, such
as mosses and certain algm, according to Dr. L. Radlkofer,” when
propagated asexually, do undergo aretrogressive metamorphosis.
We can to a certain extent understand, as far as the final cause
is concerned, why beings propagated by buds should so rarely
retrogress during development; for with each organism the
structure acquired at each stage of development must be adapted
to its peculiar habits. Now, with beings produced by gemmation,
_and this, differently from sexual reproduction, may occur at
any period of growth,—if there were places for the support of
many individuals at some one stage of development, the simplest
plan would be that they should be multiplied by gemmation at
that stage, and not that they should first retrograde in their
development to an earlier or simpler structure, which might
not be fitted for the surrounding conditions.
7 ¢ Annals and Mag. of Nat, Hist., 2nd serics, vol. xx, 1857, Pp. 153435,
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From the several foregoing considerations we may conclude
that the difference between sexual and asexual generation is
not nearly so great as it at first appears; and we have already
seen that there is the closest agreement between gemmation,
fissiparous generation, the repair of injuries, and ordinary growth
or development. The capacity of fertilisation by the male
element seems to be the chief distinction between an ovule and
a bud; and this capacity is not invariably brought into action,
as in the cases of parthenogenetic reproduction. We are here
naturally led to inquire what the final cause can be of the
necessity in ordinary generation for the concourse of the two
sexual elements.

Seeds and ova are often highly serviceable as the means of
disseminating plants and animals, and of preserving them during
one or more seasons in a dormant state; but unimpregnated
seeds or ova, and detached buds, would be equally serviceable
for both purposes. ‘We can, however, indicate two important
advantages gained by the concourse of the two sexes, or rather
of two individuals belonging to opposite sexes; for, as T have
shown in a former chapter, the structure of every organism
appears to be especially adapted for the concurrence, at least
occasionally, of two individuals. In nearly the same manner
as it is admitted by naturalists that hybridism, from inducing
sterility, is of service in keeping the forms of life distinct and
fitted for their proper places; so, when species are rendered
highly variable by changed conditions of life, the free inter-
crossing of the varying individuals will tend 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 very doubtful. Secondly, I have shown,
from the consideration of a large body of facts, that, as a slight
change in the conditions of life is beneficial to each creature,
50, in an analogous manner, is the change effected in the germ
by sexual union with a distinet individual ; and T have been led,
from observing the many widely-extended provisions throughont
nature for this purpose, and from the greater vigour of crossed
organisms of all kinds, as proved by direct experiments, as
well as from the evil effects of close interbreeding when long
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continued, to believe that the advantage thus gained is very
great. Besides these two important ends, there may, of course,
be others, as yet unknown to us, gained by the concourse of the
two sexes.

Why the germ, which before impregnation undergoes a certain
amount of development, ceases to progress and perishes, unless
it bo acted on by the male clement; and why conversely the
male element, which is enabled to keep alive for even four
or five years within the spermatheca of a female insect, like-
wise perishes, unless it acts on or unites with the germ, are
questions which cannot be amswered with any certainty. It
is, however, possible that both sexual elements perish, unless
brought into union, su:uply from mclud.\ng too little formative
matter for ind 1 5 for cer-
tmnly they do not in ordmnry cases dxﬁ'er in their power of
giving character to the embryo. This view of the importance
of the quantity of formative matter seems probable from the
following considerations. There is no reason to suspect that
the spermatozoa. or pollen-grains of the same individual animal
or plant differ from each other; yet Quatrefages has shown 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 ovule, This has likewise been dsnrly proved by
Newport,® who adds the imp fact, established
experiments, that, when a very small number of spermatoznn
are applied to the ova of Batrachians, they are only partially
impregnated and the embryo is never fully developed: the
first step, however, towards development, namely, the partial
segmentation of the yelk, does oceur to a greater or less extent,
but is never completed up to granulation. The rate of the seg-

is likewise ined by the number of the sperma-
tozon. With respect to plants, nearly the same results were
obtained by Kolreuter and Girtner. This last careful observer
found,® after making successive trials on a Malva with more
and more pollen-grains, that even thirty grains did not fer-
tilise a single seed; but when forty g'mins were applied to the

© « Annales des Se. Nat.,’ 3rd series, 1850, tom. xii
9 < Transact, Phil. Soc,’ 1851, pp. 196, 208, 210; 1853, p. 245, 247
1 ¢ Beitrage zur Kenntniss, &, 1844, 5. 345,
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stigma, a few seeds of small size were formed. The pollen-
grains of Mirabilis are extraordinarily large, and the ovarium
contains only a single ovule; and these circumstances led
Naudin to make the following interesting experiments: a
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 bore flowers of remarkably small size,
From theso facts we clearly see that the quantity of the pecu-
liar formative matter which is contained within the spermatozoa
and pollen-grains is an all-important element in the act of
fertilisation, not only in the full development of the seed, but
in the vigour of the plant produced from such seed. We
sce something of the same kind in certain cases of parthe-
nogenesis, that is, when the male element is wholly excluded;
for M. Jourdan' found 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-
develop but only twenty-nine out of the whole number
produced caterpillars. Therefore it is not an improbable view
that deficient bulk or quantity in the formative matter, contained
within the sexual elements, is the main cause of their not having
the capacity of prolonged separate existence and development.
The belief that it is the function of the spermatozoa to commu-
nicate life to the ovule seems a strange one, seeing that the
unimpregnated ovule is already alive and continues for a con-
siderable time alive. We shall hereafter see that it is probable
that the sexual elements, or possibly only the femalo element,
include certain primordial cells, that is, such as have undergone
no differentiation, and which are mot present in an active state
in buds.

Graft-Tybrids—When discussing in the eleventh chapter the
curious case of the Cytisus adami, facts were given which render
it to a certain degree probable, in accordance with the belief of
some distinguished botanists, that, when the tissues of two plants

! ¢ Nouvelles Archives du Muséum, tom. i p. 27,
2 As quoted by Sir J. Lubbock in * Nat. Hist, Review, 1862, p. 345,
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belonging to distinct species or varieties are intimately united,
buds are afterwards occasionally produced which, like hybrids,
combine the characters of the two united forms. It is certain
that when trees with variegated leaves are grafted or budded on
a common stock, the latter sometimes produces buds bearing
variegated leaves; but this may perhaps be looked at as a case
of inoculated disease. Should it ever be proved that hybridised
buds can be formed by the union of two distinct vegetative
tissues, the essential identity of sexual and asexual reproduction
would be shown in the most interesting manner; for the power
of combining in the offspring the characters of both parents, is
the most striking of all the functions of sexual generation.

Direct Action of the Male Element on the Female—In the
chapter just referred to, T have given abundant proofs that foreign
pollen occasionally affects the mother-plant in a direct manner.
Thus, when Gallesio fertilised an orange-flower with pollen from
the lemon, the fruit bore stripes of perfectly characterised
lemon-peel : with peas, several observers have seen the colour
of the seed-coats and even of the pod directly affected by the
pollen of a distinct variety; so it has been with the fruit of the
apple, which consists of the modified calyx and upper part of
the flower-stalk. These parts in ordinary cases are wholly
formed by the mother-plant. We here see the male element
affecting and hybridising not that part which it is properly
adapted to affect, namely the ovule, but the partially developed
tissues of a distinet individual. We are thus brought half-way
towards a graft-hybrid, in which the cellular tissue ot one form,
instead of its pollen, is believed to hybridise the tissues of a
distinet form. I formerly assigned reasons for rejecting the
belief that the mother-plant is affected through the intervention
of the hybridised embryo; but even if this view were admitted,
the case would become one of graft-hybridism, for the fertilised
embryo and the mother-plant must be looked at as distinct
individuals.

With animals which do not breed until nearly mature, and
of which all the parts are then fully developed, it is hardly
possible that the male element should directly affect th
female. But we have the analogous and perfectly well-ascer-
tained case of the male element of a distinct form, as with the
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quagga and Lord Morton’s mare, affecting the ovarium of the
female, so that the ovules and offspring subsequently produced
by her when impregnated by other males are plainly affected
and hybridised by the first male.

Development.—The fertilised germ reaches maturity by a vast
number of changes: these are 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 ex-
tremes we have, even within the same class, every gradation:
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 us the normal stages
of devel which are led and hurried through,
or suppressed, in most other insects. In ordinary metamor-
phoses, the parts and organs appear to become changed into the
corresponding parts in the next stage of development; but
there is another form of development, which has been called by
Professor Owen metagenesis. In this case «the new parts are
“not moulded upon the inner surface of the old omes. The
“ plastic force has changed its course of operation. The outer
“ case, and all that gave form and character to the precedent
“ individual, perish and are cast off; they are not changed into
“ the corresponding parts of the new individual. These are due
“toa new and distinet developmental process,” &e.* Metamor-
phosis, however, graduates so insensibly into metagenesis, that
the two processes cannot be distinctly 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 actually at
right angles to the limbs and thorax of the larva; and this

1 ¢ Transact, Linn. Soc,’ vol. xxiv., on his subject, in reference to the de-
1863, p. 62, velopment of star-fishes, and shows how

1 ¢ Parthenogenesis’ 1849, pp. 25~  curiously metamorphosis graduates into
26. Prof. Huxley has some excellent ~gemmation or zoid-formation, which is
remarks ( Medical Times, 1856, p.637)  in fact the samo as metagenesis.
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may be called metagenesis. The metagenctic procoss is carried
to an extreme degree in the development of some Echinoderms,
for the animal in the second stage of development is formed
almost like a bud within the animal of the first stage, the
latter being then cast off like an old vestment, yet sometimes
still maintaining for a short period an independent vitality.

If, instead of a single individual, several were to be thus
developed metagenetically within a pre-existing form, the pro-
cess would be called one of alternate generation. The young
thus developed may either closely resemble the encasing parent-
form, as with the larva of Cecidomyia, or may differ to an
astonishing degree, as with many parasitic worms and with
jelly-fishes ; but this does not make any essontial difference in
the process, any more than the greatness or abruptness of the
change in the mef.amorphoses of insects.

The whole question of develop is of grmt
for our present subject. When an organ, the eye for mxtnnce,
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 independ-
enco of new and old structures, which correspond in structure
and function, is still more obvious when several individuals are
formed within a previous encasing form, as in the cases of
alternate generation. The same important principle probably
comes largely into play even in the case of continuous growth,
as we shall see when we consider the inheritance of modifica-
tions at corresponding ages.

We are led to the same conclusion, namely, the independ-
ence of parts successively developed, by another and quite
distinet group of facts. 1t is well known that many animals
belonging to the same class, and therefore not differing widely
from each other, pass through an extremely different course of
development. Thus certain beetles, not in any way remarkably
different from others of the same order, undergo what has been
called a hyper-metamorphosis—that is, they pass through an
carly stage wholly different from the ordinary grub-like larva,
In the same sub-order of crabs, namely, the Macroura, as Fritz

% Prof. J. Reay Greene, in Giinther's ¢ Record of Zoolog. Lit.” 1863, p. 625.
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Miiller remarks, the river cray-fish is hatched under the same
form which it ever afterwards retains; the young lobster has
divided legs, like a Mysis; the Palemon appears under the
form of a Zoea, and Peneus under the Nauplius-form; and
how wonderfully these larval forms differ from each other, is
known to every list.® Some other cr as the
same author observes, start from the same point and arrive at
nearly the same end, but in the middle of their development are
widely different from each other. Still more striking cases
could be given with respect to the Echinodermata. With the
Medusw or jelly-fishes Professor Allman observes, “the classi-
“ fication of the Hydroida would be a comparatws-ly mmple
“ task if, as has been ly asserted,

“ medusoids always arose from generically-identical polypolds;
“and on the other hand, that generically-identical polypoids
“ always gave origin to generically-identical medusoids.” So,
again, Dr. Strethill Wright remarks, “in the life-history of the
“ Hydroidee any phase, planuloid, polypoid, or medusoid, may
“ be absent.” 1"

According to the belief now generally accepted by our best
naturalists, all the members of the same order or class, the
Macrourous crustaceans for instance, are descended from a
common progenitor. During their descent they have diverged
much in structure, but have retained much in common ; and
this divergence and retention of character has been effected,
though they have passed and still pass through marvellously"
different metamorphoses. This fact well illustrates how -inde-
pendent each structure must be from that which precedes and
follows it in the course of development.

The Functiomal Tndependence of the Elements or Units of the
Body.—Physiologists agree that the whole organism consists of
a multitude of elemental parts, which are to a great extent
independent of cach other. Each organ, says Claude Bernard,"

1 Fritz Miller's ¢ Fiir Darwin,’ 1864,
5.65,71. The highest authority on crus-
taceans, Prof. Milne Edwards, insists
(‘Annal. des Sci. Nat, 2nd series,
Zoolog, t D. 822) on their meta-
morphoses differing oven in_closely
allied genera.

¥ Prof, Allman, in ¢ Annals and Mag.
of Nat, Hist.. 3rd serics, vol. xii, 1864,
P. 348 Dr. 8. Wright, idem, vol. vili,
1861, p. 127. See also p. 858 for
analogous statements by Sars.

1 Tissus Vivants,’ 1806, p. 22.
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has its proper life, its autonomy ; it can develop and reproduce
itself independently of the adjoining tissues. The great German
authority, Virchow,” asserts still more emphatically that each
system, as the nervous or osseous system, or the blood, consists
of an “enormous mass of minute centres of action. . . . . Every
¢ element has its own special action, and even though it derive "
“ its stimulus to activity from other parts, yet alone effects the
“ actual performance of its duties. . . . . Every single epithelial
“and muscular fibre-cell leads a sort of parasitical existence
« in relation to the rest of the body. . . . . Every single bone-
« corpuscle really possesses conditions of nutrition peculiar to
“itself.” Each element, as Mr. Paget remarks, lives its ap-
pointed time, and then dies, and, after being cast off or absorbed,
is replaced® I presume that no physiologist doubts that, for
instance, each bone-corpuscle of the finger differs from the
corresponding corpuscle in the corresponding joiut of the toe ;
and there can hardly be a doubt that even those on the corre-
sponding sides of the body differ, though almost identical in
nature. This near approach to identity is curiously shown in
many diseases in which the same exact points on the right and
left sides of the body are similarly affected ; thus Mr. Paget®
gives a drawing of a diseased pelvis, in which the bone has
grown into a most complicated pattern, but *there is not one
*“spot or line on one side which is not represented, as exactly as
“ it would be in a mirror, on the other.”

Many facts support this view of the independent life of each
minute element of the body. Virchow insists that a single bone-
corpuscle or a single cell in the skin may become diseased. The
spur of a cock, after being inserted into the eye of an ox, lived
for eight years, and acquired a weight of 306 grammes, or
nearly fourteen ounces® The tail of a pig has been grafted
into the middle of its back, and reacquired sensibility. Dr.
Ollier * inserted a piece of periosteum from the bone of a
young dog under the skin of a rabbit, and true bone was
developed. A multitude of similar facts could be given. The

" < Qellular Pathology,’ translat. by~ * Mantegazza, quoted in ‘Popular
Dr. Cliance, 1860, pp. 14, 18, 83, 460. *  Science Review, July 1865, p. 522.

* Paget, ‘Surgical Pathology, vol.i,,  # *De la Production Artificielle des
1853, pp. 12-14. 0s,'p. 8.

21 Tdem, p. 19,

VOL. IL 2
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frequent presence of hairs and of perfectly developed teeth, even
teeth of the second dentition, in ovarian tumours® are facts
leading to the same conclusion.

Whether each of the innumerable autonomous elements of
the body is a cell or the modified product of a cell, is a more
doubtful question, even if so wide a definition be given to the
term, as to include cell-like bodies without walls and without
nuclei® Professor Lionel Beale uses the term ¢germinal
“matter” for the contents of cells, taken in this wide accepta-
tion, and he draws a broad distinction between germinal matter
and “formed material ” or the various products of cells.** But
the doctrine of omnis cellula e celluld is admitted for plants, and
is a widely prevalent belief with respect to animals® Thus
Virchow, the great supporter of the cellular theory, whilst
allowing that difficulties exist, maintains that every atom of
tissue is derived from 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 almost every one.
But when an organism undergoes a great change 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 apparently attri-
buted by the supporters of the cellular doctrine to some inherent
power which the cells possess, and not to any external agency.

Another school maintains that cells and tissues of all kinds
may be formed, independently of pre-existing cells, from plastic
Iymph or blastema; and this it is thought is well exhibited in
the repair of wounds. As I have not especially attended to
histology, it would be presumptuous in me to express an opi-
nion on the two opposed doctrines. But every one appears to
admit that the body consists of a multitude of organic units,”®

2 Lsidore Geoffroy St. Hilaire, * Hist.  Aspect of Cellular Pathology, * Edin-

des Anomalies, tom. ii. pp. 549, 560,
562; Virchow, idem, p. 484,

% For the most recent classification
of cells, ses Ernst Hickel's * Generelle
Morphulog, Band ii, 1866, 5. 275.

* ¢ The Structure and Growth of
Tlsmlt!, ] 5 &

# Dr. W. Tumer, ‘Tho present

burgh Medical Journal,’ April, 1863.

= This term is used by Dr. E. Mont-
gomery (* On the Formation of so-called
Cells in Animal Bodies,' 1867, p. 42),
who denies that cells are derived from
other cells by a process of growth, hut
believes that they originate through
certain chemical changes.

= " CSpa—
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each of which possesses its own proper attributes, and is to a
certain extent independent of all others. Hence it will be con-
venient to use indifferently the terms cells or organic units or
simply units,

Variability and Inheritance.—We have seen in the twenty-
second chapter that variability is not a principle co-ordinate
with life or reproduction, but results from special causes,
generally from changed conditions acting during successive

Part of the fl i iability thus induced
is apparently due to the sexual system being easily affected
by changed conditions, so that it is often rendered impotent ;
and when not so seriously affected, it often fails in its proper
function of transmitting truly the characters of the parents o
the offspring.  But variability is not d with
the sexual system, as we see from the cases of bud-variation ;
and although we may not be able to trace the nature of the
connexion, it is probable that many deviations of structure which
appear in sexual u!Tapnng result from changed conditions uctmw
directly on the dently of the rep
organs. In some instances we may feel sure of this, when all, or
nearly all the individuals which have been similarly exposed are
similarly and definitely affected—as in the dwarfed and otherwise
changed maize brought from hot countries when cultivated in
Germany ; in the change of the fleece in sheep within the tropics;
to a certain extent in the increased size and early maturity of
our highly-improved domesticated animals; in inherited gout
from intemperance ; and in many other such cases. Now, as
such changed conditions do not especially affect the reproducti
organs, it seems mysterious on any ordinary view why their
produet, the new organic being, should be similarly affected.

How, again, can we explain to curselves 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 in a corresponding manner diminished
and increased in comparison with those of the wild duck. A
horse is tmned to certain peces and the colt inherits similar

The d rabbit becomes tame
from close confinement ; the dog intelligent from associuting
with man ; the retriever is taught to fetch and carrji: and these

2382
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mental endowments and bodily powers are all inherited. Nothing
in the whole cireuit of physiology is more wonderful. Fow can
the use or disuse of a particular limb or of the brain affect
a small aggregate of reproductive cells, seated in a distant part
of the body, in such a manner that the being developed from
these cells inherits the characters of either ome or both
parents? Even an imperfect answer to this question would
be satisfactory.

Sexual reproduction does not essentially differ, as we have
seen, from budding or self-division, and these processes graduate
through the repair of injuries into ordinary development and
growth; it might therefore be expected that every character
would be as regularly transmitted by all the methods of re-
production as by continued growth. In the chapters devoted
to inheritance it was shown that a multitude of newly-acquired
characters, whether injurious or beneficial, whether of the lowest
or highest vital importance, are often faithfully transmitted
—frequently even when one parent alone possesses some new
peculiarity. Tt deserves especial attention that characters ap-
pearing at any age tend to reappear at a corresponding age.
‘We may on the whole conclude that in all cases inheritance is
the rule, and non-inheritance the anomaly. In some instances
a 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 fruit-trees and highly cultivated flowers. In the re-
maining cases the failure may be attributed to reversion, by
which the child resembles its grandparents or more remote pro-
genitors, instead of its parents.

This principle of Reversion is the most wonderful of all the
attributes of Inheritance. It proves to us that the transmission
of a character and its development, which ordinarily go together
and thus escape diserimination, are distinct powers; and theso
powers in some cases are even antagonistic, for each acts alter-
nately in suceessive generations. Reversion is not a rare event,
depending on some unusual or favourable combination of circum-
stances, but occurs so regularly with crossed animals and plants,
and so frequently with uncrossed breeds, that it is evidently an
essential part of the principle of inheritance. We know that

—,—e
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changed conditions have the power of evoking long-lost characters,
as in the case of some feral animals. The act of crossing in
itself possesses this power in o high degree. What can be
more wonderful than that cl which have di %
during scores, or hundreds, or even thousands of generations,
should suddenly reappear perfectly developed, as in the case
of pigeons and fowls when purely bred, and especially when
crossed ; or as with the zebrine stripes on dun-coloured horses,
and other such cases? Many monstrosities come under this
same head, as when rudi y organs are redeveloped, or
when an organ which we must believe was possessed by an
early progenitor, but of which not even a rudiment is left,
suddenly reappears, as with the fifth stamen in some Scro-
phulariaceze. 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 exclu-
sively, when of crossed parentage,—as in the rare cases described
of individual fowls, pigeons, cattle, and rabbits, which have
reverted as they advanced in years to the colours of one of their
parents or ancestors.

We are led to believe, as formerly explained, that every
character which occasionally reappears is present in a latent form
in each generation, in nearly the same manner as in male and
female animals secondary characters of the opposite sex lie
latent, ready to be evolved when the reproductive organs are
injured. This comparison of the secondary sexual characters
which are latent in both sexes, with other latent characters,
is the more appropriate from the case recorded of the Hen,
which assumed some of the masculine characters, not of her
own race, but of an enrly progenitor; she thus exhibited at
the same time the P of latent of both
kinds and connected both classes. In every living creature
we may feel assured that a host of lost characters lie ready to
be evolved under proper conditions. How can we make in-
telligible, and connect with other facts, this wonderful and
common capacity of reversion,—this power of calling back to
life long-lost characters ?
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Pagr II

1 have now enumerated the chief facts which every one would
desire to connect by some intelligible bond. This can be done,
as it seems to me, if we make the following assumptions ; if
the first and chief one be not rejected, the others, from being

1 by various physiological iderations, will not appear
very improbable. It is almost universally admitted that cells,
or the units of the body, propagate themselves by self-division or
proliferation, retaining the same nature, and ultimately becoming
converted into the various tissues and substances of the body.
But besides this means of increase T assume that cells, before
their conversion into completely passive or «formed material,”
throw off minute granules or atoms, which circulate freely
throughout the system, and when supplied with proper nutriment
maultiply by self-division, subsequently becoming developed into
cells like those from which they were derived. These granules
for the sake of disti may be called cell les, or,
as the cellular theory is mot fully established, simply gem-
mules. They are supposed to be transmitted from the parents
to the offspring, and are gemerally developed in the genera-
tion which immediately succeeds, but are often transmitted
in a dormant state during many gemerations and are then
developed. Their development is supposed to depend on their
union with other partially developed cells or gemmules which
precede them in the regular course of growth. Why I 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 cell or unit, not only
during the adult state, but during all the stages of develop-
ment. Lastly, T assume that the gemmules in their dormant
state have a mutual affinity for each other, leading to their
aggregation either into buds or into the sexual elements. Hence,
speaking strictly, it is not the reproductive elements, nor the
buds, which generate new organisms, but the cells themselyes
throughout the pody. These assumptions constitute the pro-
visional hypothesis which I have called Pangenesis. Nearly
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similar views have been propounded, as I find, by other anthors,
more especially by Mr. Herbert Spencer;* but they are here

modified and amplified.

® Prof. Huxley lias called my atten-
tion to the views of Buffon and Bonnet.
The former (*Hist. Nat. Gén., edit. of
1749, tom. ii. pp. 54, 62, 329, 333, 420,
425) supposes that organic molecules
exist in the food consumed by every
living creature; and that these mole-
cales are analogous in nature with the
various organs by which they are ab-
sorbed. When the organs thus become
fully developed, the molceules being no
longer required collect and form buds
or the sexual elements. If Buffon had
assumed that his orgunic molecules had.
been formed by each separato unit
throughout the body, his view and
mine would have been closely similar.

Bonnet (‘ (Buyres d'Hist. Nat,,’ tom.
v, purt 1, 1781, 4to edit, p. 834 speaks
of the limbs having germs adapted for
the reparation of all possible losses ;
but whether these germs are supposed
to be the same with those within the
buds and. sexusl organs is not clear.
His fumous but now exploded theory
of emboitement implies that perfect
germs are included within germs in
endless succession, pre-formed and ready
for all succeeding generations. Accord-
ing to my view, the germs or gemmules
of each scparate part were not originally
pre-formed, but are continually pro-

“ taneous fission, as those o which itself
“owed its origin;” &e. By the agency
of these germ-cells Prof. Owen accounis
for parthenogenesis, for propagation by
self-division _during successive genera-
tious, and for the repairs of injurics.
His view agrees with mine in the as-
sumed transmission and multiplication
of his germ-cells, but differs funda-
mentally from mine in the belief that
the primary germ-cell was formed within
the ovarium of the female and was fer-
tilised by the male. My gemmules are
supposed to be formed, quite indepen-
dently of sexual concourse, by eac
separate cell or unit throughout the
Dbody, and to be merely aggregated
within the reproductive organs.

Tastly, Mr. Herbert Spencer (* Prin-
ciples of Biology,’ vol. i., 18634, chaps.
iv. and viii.) has discussed at consider-
able length what he designates as phy-
siological units. These agree with my
gemmules in being supposed to multiply
and to be trnsmitted from parent to
child; the sexual cloments aro sup-
posed to serve merely as their vehicles;
they are the efficient agents in all the
forms of reproduction and in the repairs
of injurics; Hhepsent, for inberit-
ance, but they are not brought to
bear on reversion or mmm and this

duced atall neration.
with some handed down from preceding
generations,

Prof. Owen remarks (‘Partheno-
genesis, 1849, pp. 5-8), “Not all the
& progeny of the primary impregnated
« germ-cell are required for the formation
of the body in all animals : certain of
“tlie derivative germ-cells may remain
“unchanged and become inciuded in
“that body which has been composed
“of their metamorphosed and diversely
“combined or confluent brethren: so
“included, any derivative germ-cell, or
“ the nucleus of such, may commence and
“ repeat the same processes of growth by
« imbibition, and of propagation by spon-

; they are sup-

to possess polmty, or,as I call
it, affinity; and apparently they are bo-
Jieved to be derived from each scparute
part of the whole body. But gemmules
differ from Mr. Spencer's physiological
uuits, inasmuch as a certain number,
or mass of them, are, as we shall sce,
requisite for the development of each
cell or part. Nevertheless I should have
concluded that Mr. Spencer’s views wer
fundamentally the same with mine,
Lad it not been for several passages
which, as far as T understand them,
indicate something quite different. I
will quote some of these passages from
pp. 254256, “In the fertilised gorn

-
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Before proceeding to show, firstly,

PROVISIONAL HYPOTHESIS

Ciar, XXVIL

how far these assump-

tions are in themselves probable, aud secondly, how far they
connect and explain the various groups of facts with which we
are concerned, it may be useful fo give an illustration of the

hypothesis.

If one of the sim,
appears under the microscope,

plest Protozoa be formed, as
of a small mass of homogeneous

gelatinous matter, a minute atom thrown off from any part and
nourished under favourable circumstances would naturally
reproduce the whole; but if the upper and lower surfaces wery
to differ in texture from the central portion, then all three
parts would have to throw off atoms or gemmules, which when

aggregated by mutual affinity would form either

sexual elements.  Pr

buds or the

isely the same view may be extended to

one of the higher animals ; although in this case many thousand
gemmules must be thrown off from the various parts of the

body.

Now, when the leg, for instance, of a salamander is cut

off, a slight crust forms over the wound, and beneath this crust
the uninjured cells or units of bone, muscle, nerves, &c., are
supposed to unite with the diffused gemmules of those cells
which in the perfect leg come next in order; and these as they
become slightly developed unite with others, and so on until 3
papilla of soft cellular tissne, the « budding leg,” is formed, and
i time a perfect leg.* Thus, that portion of the leg which had

“we have two groups of physiological
“units, slightly different in their struc-
“tures” .. . “Tt is not obvious that
“ chango in the form of the part, caused
“ bychangedaction, involvessuch change
“in the physiological units throughout
< the orgunism, that these, when groups
“of them are thrown off in the shape of
“ reproductive centres, wilk unfold into
# organisms that have this part similarly
* changed in form. Indecd, when treat-
“ing of Adaptation, we saw that an
* organ modified by increase or decrease
“ of function can but slowly so react on
 the system at large as to bring about
“those correlative changes required to
“produce n new equilibrium ; and yet
“only when such new equilibrium has
 been established, can we expect it to bo
“fully expressed in the modified physio-
“logical units of which the organism is

“built—only then can we count on g
«complete transfer of the modification
“to descendants” . . .., “That the
“change in the offspring must, other
“things equal, be in the same direction
as the change in the parent, we may
“dimly se is implied by the fact, that
 the change propagated throughout the
“ parental system is a change towards
8 new state of equilibrium—a change
“tending to bring the actions of all
“orguns, reproductive included, into
“harmony with these new actions.”

® M. Philipeaux (¢ Comptes Rendus,
Oct. 1, 1866, p. 576, and June, 1867)
Tas lately shown tha when the entire
fore-limb, fncluding the scapula, is ex-
tirpated, the power of regrowth is lost.
From this he concludes thatit is neces.
sary for regrowth that a small portion
of the limb should be left. But as in
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been cut off, neither more nor less, would be reproduced. If
the tail or leg of a young animal had been cut off, a young tail
or leg would have been reproduced, as actually occurs with the
amputated tail of the tadpole; for gemmules of all the units
which compose the tail are diffused throughout the body at all
ages. But during the adult state the gemmules of the larval
tail would remain dormant, for they would not meet with pre-
existing cells in a proper state of development with which to
unite. If from changed conditions or any other cause any part
of the body should become permanently modified, the gem-
mules, which are merely minute portions of the contents of the
cells forming the part, would naturally reproduce the same
dificati But les previ derived from the same
part before it had undergone any change, would still be diffused
throughout the organisation, and would be transmitted from
ion to ion, so that under f; ble ci
they might be redeveloped, and then the new modification would
be for a time or for ever lost. The aggregation of gemmules
derived from every part of the body, through their mutual
affinity, would form buds, and their aggregation in some special
manner, apparently in small quantity, together probably with
the presence of gemmules of certain primordial cells, would
constitute the sexual elements. By means of these illustrations
the hypothesis of pangenesis has, I hope, been rendered in-
telligible.

Physiologists maintain, as we have seen, that each cell,
though to a large extent dependent on others, is likewise, to a
certain extent, independent or autonomous. I go one small step
further, and assume that each coll casts off a free gemmule,
which is capable of reproducing a similar cell. There is some
analogy between this view and what we see in compound
animals and in the flower-buds on the same tree; for these are
distinct individuals capable of true or seminal reproduction, yet
have parts in common and are dependent on each other; thus

the lower animals the whole body may deep wound, as in the case of the extir-
be bisected and both halves be repro- pation of the scapula, prevent the for-
duced, this belief does not scem pro- mation or protrusion of the nascent
bable. May not the early closing of & limb?
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the tree has its bark and trunk, and certain corals, as the
Virgularia, have not only parts, but movements in common.

The existence of free les is a gratui pti
yet can hardly be considered as very improbable, secing that
cells have the power of multiplication through the self-division
of their contents. Gemmules differ from true ovules or buds
inasmuch as they are supposed to be capable of multiplication
in their undeveloped state. No one probably will object to
this capacity as improbable. Tho blastema within the cgg has
been known to divide and give birth to two embryos; and
Thuret™ has seen the zoospore of an alga divide itself, and both
halves germinate. An atom of small-pox matter, so minute as
to be borne by the wind, must multiply itself many thousand-
fold in a person thus inoculated.® It has recently been ascer-
tained® that a minute portion of the mucous discharge from an
animal affected with rinderpest, if placed in the blood of a
healthy ox, increases so fast that in a short space of time “the
“ whole mass of blood, weighing many pounds, is infected, and
“ every small particle of that blood contains enough poison to
« give, within less than forty-eight hours, the disease to another
“ animal.”

The retention of free and undeveloped gemmaules in the same
body from early youth to old age may appear improbable, but
we should remember how long seeds lie dormant in the earth
and buds in the bark of a tree. Their transmission from genera-
tion to generation may appear still more improbable; but here
again we should remember that many rudimentary and useless
organs are transmitted and have been transmitted during an
indefinite mumber of generations. We shall presently seo how

P

well the long of und
explains many facts. g

As each unit, or group of similar units throughout the body,
casts off its gemmules, and as all are contained within the
smallest egg or sed, and within each spermatozoon or pollen-
grain, their number and minuteness must be something incon-

< Anmal. des Se, Nat.’ Srd series,  9th, 1865, pp. 273, 330,

Bot, tom. xiv., 1850, p. 244, ® Third Report of the R. Comm. on
% See some very interesting papers the Cattle Plague, s quoted in * Gard,

on this subject by Prof. Lionel Beale, Chronicle,’ 1566, p. 446,

in *Medieal Times and Gazette, Sept.

I
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ceivable. T shall hereafter recur to this objection, which at
first appears so formidable; but it may here be remarked that
a cod-fish has been found to produce 4,872,000 eggs, a single
Ascaris about 64,000,000 eggs, and a single Orchidaceous plant
probably as many million seeds® In these several cases, the
spermatozoa and pollen-grains must exist in considerably larger
numbers. Now, when we have to deal with numbers such as
these, which the human intellect cannot grasp, there is no
good reason for rejecting our present hypothesis on account of
the assumed existence of cell-gemmules a few thousand times
more nUMErous.

The les in each org mustbe h hly diffused ;
nor does this seem babl their and
the steady circulation of fluids throughout the body. So it
must be with the gemmules of pla.nts, for with certain kinds
even a minute fragment of a leaf will reproduce the whole.
But a difficulty here occurs; it would appear that with plants,
and probably with compound animals, such as corals, the gem-
mules do not spread from bud to bud, but only through the
tissues developed from each separate bud. We are led to this
conclusion from the stock being rarely affected by the insertion
of & bud or graft from a distinet variety. This non-diffusion of
the gemmules is still more plainly shown in the case of ferns;
for Mr. Bridgman® has proved that, when spores (which it
should be remembered are of the nature of buds) are taken from
a monstrous part of a frond, and others from an ordinary part,

 Tn a cod-fish, weighing 20 1b,, Mr. twenty capsules produced on a single
. Buckland (Land and Water, 1867, raceme : ten such racemes on the

P- 57) caleulated the above number of
eggs. In another instance, Harmer
(“Phil. Transact,’ 1767, p. 280) found
5,681,760 eggs. For the Ascaris, see Car-
penter's ‘Comp. Phys.” 1854 p. 590. Mr.
J.Scott,of the Royal Botanie Garden of
Edinburgh, calculated, in the same
‘manner as I hiave done for some British
orchids (*Fertilisation of Orebids,’ p.
344), the number of seeds in a capsule of
an Acropers, and found the number to
be 371,250, Now this plant produces

y
racemes during a season. In an allied
genus, Gongora, Mr. Scoft has seen

Acropera would yield above seventy-four
millions of seed. I may add that Fritz
Miller informs me that he found in
a capsule of a Maxillaria, in South
Brazil, that the sced weighed 42
grains: he then arranged half a grain
of seed in anarrow line, and by counting
a measured length found the number in
the half-grain to be 20,667, so that in
the capsule there must have been
1,756,440 seeds ! The same plant some-

Brd series, vol. vii., 1861, p. 490.



380 PROVISIONAL HYPOTHESIS Cuap, XXVIL

each reproduces the form of the part whence derived. But
this non-diffusion of the gemmules from bud to bud may be
only apparent, depending, as we shall hereafter see, on the
nature of the first-formed cells in the buds.

The assumed elective affinity of each gemmule for that par-
ticular cell which precedes it in the order of development is
supported by many analogies. In all ordinary cases of sexual
reproduction the male and female elements have a mutual
affinity for each other: thus, it is believed that about ten
thousand species of Composite exist, and there can be no doubt
that if the pollen of all these species could be, simultaneously
or successively, placed on the stigma of any one species, this one
would elect with unerring certainty its own pollen. This elective
capacity is all the more wonderful, as it must have been ac-
quired since the many species of this great group of plants
branched off from a common progenitor. On any view of the
nature of sexual duction, the protopl ined within
the ovules and within the sperm-cells (or the  spermatic force”
of the latter, if so vague a term be preferred) must act on each
other by some law of special affinity, either during or subse-
quently to i ion, so that ponding parts alone
affect each other; thus, a calf produced from a short-horned
cow by a long-horned bull has its horns and not its horny hoofs
affected by the union of the two forms, and the offspring from
two birds with differently coloured tails have their tails and not
their whole plumage affected.

The various tissues of the body plainly show, as many phy-
siologists have insisted,® an affinity for special organic sub-
stances, whether natural or foreign to the body. We see this
in the cells of the kidneys attracting urea from the blood; in
the worrara poison affecting the nerves; upas and digitalis the
muscles ; the Lytta vesicatoria the kidneys ; and in the poisonous
matter of many diseases, as small-pox, scarlet-fever, hooping-
cough, glanders, cancer, and hydrophobia, affecting certain
definite parts of the body or certain tissues or glands.

The affinity of various parts of the body for each other during

* Paget, ‘Lectures on Pathology, 294; Claude Bernard, ‘Des Tissus
P. 27; Virchow, ‘Cellular Pathology,  Vivants, pp. 177, 210, 337; Miiler's
translat. by Dr. Chance, pp. 128, 126,  *Physiology, Eng. translat, p. 290.
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their early development was shown in the last chapter,
when discussing the tendency to fusion in homologous parts.
This affinity displays itself in the normal fusion of organs
which are separate at an early embryonic age, and still more
plainly in those marvellous cases of double monsters in which
each bone, muscle, vessel, and nerve in the one embryo, blends
with the corresponding part in the other. The affinity between
homologous organs may come into action with single parts,
or with the entire individual, as in the case of flowers or fruits
which are symmetrically blended together with all their parts
doubled, but without any other trace of fusion.

It has also been assumed that the development of each gem-
mule depends on its union with another cell or unit which has
just commenced its development, and which, from preceding it in
order of growth, is of a somewhat different nature. Nor is it a
very improbabl ption that the develop: of a 1
is determined by its union with a cell slightly different in nature,
for abundant evidence was given in the seventeenth chapter,
showing that a slight degree of differentiation in the male and
female sexual elements favours in a marked manner their union
and sul develop But what determines the develop-
ment of the les of the first-formed or primordial cell in
the unimpregnated ovule, is beyond conjecture.

It must also be admitted that amalogy fails to guide us
towards any determination on several other points: for instance,
whether cells, derived from the same parent-cell, may, in the
regular course of growth, become developed into different strue-
tures, from absorbing peculiar kinds of nutriment, independently
of their union with distinct gemmules. We shall appreciate this
difficulty if we call to mind, what complex yet symmetrical
growths the cells of plants yield when they are inoculated by
the poison of a gallinsect. With animals various polypoid
excrescences and tumours are now 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 Vn'chow remarks® a whole series
of p ions and “The cartilage-cells may be

¥ Virchow, ¢ Cellular Pathology, trans. by Dr. chme, 1860, pp. 60, 162, 245,
1,454, 3 Tdem, p. 412-426,
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“converted by a direct transformation into marrow-cells, and
“continue as such; or they may first be converted into osseous
“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 so 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 gemmaules
derived from one kind of tissue combine with the cells of another
kind, and cause the successive modifications.

Tt is useless to speculate at what period of development each
organic unit casts off its gemmules; for the whole subject of the
development of the various elemental tissues is as yet involved
in much doubt. Some physiologists, for instance, maintain that
muscle or nerve-fibres are developed from cells, which are
afterwards nourished by their own proper powers of absorption ;
whilst other physiologists deny their cellular origin; and Beale
maintains that such fibres are renovated exclusively by the
conversion of fresh germinal matter (that is the so-called nuclei)
into «formed material.” However this may be, it appears pro-
bable that all external agencies, such as changed nutrition,
increased use or disuse, &e., which induced any permanent modi-
fication in a structure, would at the same time or previously act
on the cells, nuclei, germinal or formative matter, from which
the structures in question were developed, and consequently
would act on the gemmules or cast-off atoms,

There is another point on which it is useless to speculate,
namely, whether all gemmules are free and separate, or whether
some are from the first united into small aggregates. A feather,
for instance, is a complex structure, and, as each separate part
is liable to inherited variations, I conclude that each feather
certainly generates a large number of gemmules; but it is
possible that these may be aggregated into a compound gem-
mule. The same remark applies to the petals of a flower,
which in some cases are highly complex, with each ridge and
hollow contrived for special purposes, so that each part must
have been separately modified, and the modifications transmitted ;

separate 1 ding to our hypothesis,
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must have been thrown off from each cell or part. But, as we
sometimes see half an anther or a small portion of a filament
becoming petaliform, or parts or mere stripes of the calyx
assuming the colour and texture of the corolla, it is probable
that with petals the gemmules of each cell are not aggregated
together into a compound gemmule, but are freely and separately
diffused.

Having now endeavoured to show that the several fore-
going assumptions are to a certain extent supported by analogous
facts, and having discussed 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 each other and agree
in their product; for it is impossible to distinguish between
organisms produced from buds, from self-division, or from ferti-
lised germs; such organisms are liable to variations of the
same nature and to reversion of character; and as we now see
that all the forms of reproduction depend on the aggregation
of gemmules derived from the whole body, we can understand
this general agreement. It is satisfactory to find that sexual
and asexual generation, by both of which widely different pro-
cesses the smo living creature is habitually produced, are

d lly the same. Parth is is no longer won-
derful; in fact, the wonder is that it should not oftener occur.
We see that the reproductive organs do mot actually ereate
the sexual elements; they merely determine or permit the
aggregation of the gemmules in a special manner. These
organs, together with their accessory parts, have, however, high
functions to perform; they give to hoth elements a special
affinity for each other, independently of the contents of the
male and female cells, as is shown in the case of plants by the
mutual reaction of the stigma and pollen-grains ; they adapt
one or both elements for independent temporary existence, and
for mutual union. The contrivances for these purposes are
sometimes wonderfully complex, as with the spermatophores of
the Cephalopoda. The male element sometimes possesses attri-
butes which, if observed in an independent animal, would be put
down to instinct guided by sense-organs, as when the spermato-
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zoon of an insect finds its way into the minute micropyle of the
egg, or as when the antherozoids of certain alge swim by
the aid of their cili@ to the female plant, and force themselves.
a minute orifice. In these latter cases, however, we must into
believe that the male element has acquired its powers, on the
same principle with the larva of animals, namely by successive

dificati developed at corresponding periods of life: we
can hardly avoid in these cases looking at the male element
as a sort of premature Iirva, which unites, or, like one of the
lower alge, conjugates, with the female element. What deter-
mines the aggregation of the gemmules within the sexual organs
we do not in the least know; nor do we know why buds are
formed in certain definite places, leading to the symmetrical
growth of trees and corals, nor why adventitious buds may be
formed almost anywhere, even on a petal, and {requently upon
healed wounds*® ~As soon as the gemmules have aggregated
hemselves, devel ly but in the
case of buds is often afterwards suspended, and in the case of
the sexual elements soon ceases, unless the elements of the
opposite sexes combine ; even after this has occurred, the ferti-
lised germ, as with seeds buried in the ground, may remain
during a lengthened period in a dormant state.

The antagonism which has long been observed,® though ex-
ceptions occur,” between active growth and the power of sexual
reproduction—between the repair of injuries and gemmation—
and with plants, between rapid increase by buds, rhizomes, &e.,
and the production of seed, is partly explained by the gem-
mules not existing in sufficient numbers for both processes.

© See Rev. J. M. Berkeley, in * Gard.,
Chron,’ April 28th, 1866, on a bud
developed on the petal of the Clarkia.
See also H. Schacht, ‘ Lehrbuch der
Anat,’ &c., 1859, Theile ii. . 13, on
adventi 3

“ Mr. Herbert Spencer (* Principles
of Biology,’ vol. ii. p. 430) has fully
discussed _the antagonism between
growth and reproduction.

41 The male salmon is known to breed

Hist,’ 8rd series, 1866, p. 157), are
capable of reproduction. Ernst Hickel
bas recently (* Monatshericht Akad,
Wiss. Berlin,’ Feb. 2nd, 1865) ob-
served the surprising case of a medusa,
with its reproductive =organs active,
which produces by budding a widely
different form of medusa; and this
Intter also has the power of sexual re-
production. Krohn has shown (* Annals
and Mag. of Nat. Hist,’ rd serics, vol.
xix, 1862, p. 6) that certain other
medusee, whilst sexually mature, propa-
gate by gemmie.
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But this explanation hardly applies to those plants which
naturally produce a multitude of seeds, but which, through a
comparatively small increase in the number of the buds on
their rhizomes or offsets, yield few or no seed. As, however,
we shall presently see that buds probably include tissue which
has already been to a certain extent developed or differentiated,
some additional organised matter will thus have been expended.

From one of the forms of Reproduction, namely, spontaneous
self-division, we are led by insensible steps to the repair of the
slightest injury; and the existence of gemmules, derived from
every cell or unit throughout the body and everywhere diffused,
explains all such cases,—even the wonderful fact that, when the'
limbs of the salamander were cut off many times successively
by Spallanzani and Bonnet, they were exactly and completely
reproduced. I have heard this process compared with the re-
crystallisation which occurs when the angles of a broken crystal
are repaired ; 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 affinity of the gemmules for par-
ticular nascent cells.

Pangenesis does not throw much light on Hybridism, but
agrees well with most of the ascertained facts. We may con-
clude from the fact of a single spermatozoon or pollen-grain
being insufficient for impregnation, that a certain number of
gemmules derived from each cell or unit are required for the
development of each part. From the occurrence of parthe-
nogenesis, more especially in the case of the silk-moth, in
which the embryo is often partially formed, we may also infer
that the female element includes nearly sufficient gemmules
of all kinds for independent development, so that when
united with the male element the gemmules must be super-
abundant. Now, as a general rule, when two species or races
are crossed reciprocally, the offspring do not differ, and this
shows that both sexual elements agree in power, in accordance
with the view that they include the same gemmules. Hybrids
and mongrels are generdlly 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 understand on

VOL. 11, 20
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the admission that the gemmules in the fertilised germ are
superabundant in number, and that those derived from one
parent have some advantage in number, affinity, or vigour over
those derived from the other parent. Crossed forms sometimes
exhibit the colour or other characters of either parent in stripes
or blotches; and this may occur in the first generation, or
through reversion in succeeding bud and seminal generations,
as in the several instances given in the eleventh chapter. In
these cases we must follow Naudin® and admit that the
«essence” or “element” of the two species, which terms I
should translate into the gemmules, have an affinity for their
*own kind, and thus separate themselves into distinet stripes or
blotches; and reasons were given, when discussing in the fif-
teenth chapter the i patibility of certain ch ers to unite,
for believing in such mutual affinity. When two forms are
crossed, one is not rarely found to be prepotent in the transmis-
sion of character over the other; and this we can explain only
by again assuming that the one form has some advantage in the
number, vigour, or affinity of its gemmules, except in those
cases, where certain characters are present in the one form and
latent in the other. For instance, there is a latent tendency
inall pigeons to become blue, and, when a blue pigeon is crossed
with one of any other colour, the blue tint is generally pre-
potent. When we consider latent characters, the explanation
of this form of prepotency will be obvious.

When one species is crossed with another it is notorious that
they do not yield the full or proper number of offspring; and
we can only say on this head that, as the development of each
organism depends on such nicely-balanced affinities between a
host of gemmaules and developing cells or units, we need not
feel at all surprised that the commixture of gemmules derived
from two distinct species should lead to a partial or complete
failure of development. With respect to the sterility of hybrids
produced from the union of two distinct species, it was shown in
the nineteenth chapter that this depends exclusively on the
reproductive organs being specially affected; but why these
organs should be thus affected we do not know, any more than

4 See his excellent discussion on this subject in * Nouvelles Archives du
Muséam. tom. i. p. 151

-
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why unnatural conditions of life, though compatible with health,
should cause sterility; or why continued close interbreeding,
or the illegitimate unions of dimorphic and trimorphic plants,
induce the same result. The conclusion that the reproductive
organs alone are affected, and not the whole organisation, agrees
perfectly with the unimpaired or even increased capacity in
hybrid plants for propagation by buds; for this implies, accord-
ing to our hypothesis, that the cells of the hybrids throw off
hybridised cell-gemmules, which become aggregute,d into buds,
but fail to become d within the rep ive organs,
50 as to form the sexual elements. In a similar manner many
plants, when placed under unnatural conditions, fail to produce
seed, but can readily be propagated by buds. We shall pre-
sently see that pangenesis agrees well with the strong tendency
to reversion exhibited by all crossed animals and plants.

It was shown in the discussion on graft-hybrids that there is
some reason to believe that portions of cellular tissue taken from
distinet plants become so intimately united, as afterwards occa-
sionally to produce crossed or hybridised buds. If this fact were
fully established, it would, by the aid of our hypothesis, connect

ion and sexual reproduction in the closest manner.

Abundant evidence has been advanced proving that pollen
taken from one species or variety and applied to the stigma of
another sometimes directly affects the tissues of the mother-
plant. It is probable that this occurs with many plants during
fertilisation, but can only be detected when distinct forms are
orossed On any ordinary theory of reproduction this isa most

for the poll ins are

adapted to act on the ovule, but in these cases they act on the
colour, texture, and form of the coats of the seeds, on the
ovarium itself, which is a modified leaf, and even on the calyx
and upper part of the flower-peduncle. In accordance with the
hypothesis of pangenesis pollen includes gemmules, derived from
every part of the organisation, which diffuse themselves and
multiply by self-division ; hence it is not surprising that gem-
mules within the pollen, which are derived from the parts near
the ductive organs, should i be able to affect the
same parts, whilst still undergoing development, in the mother-
plant.

202
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As, during all the stages of development, the tissues of plants
consist of cells, and as new cells are not known to be formed
between, or independently of, pre-existing cells, we must con-
clude that the gemmules derived from the foreign pollen do not
become developed merely in contact with pre-existing cells, but
actually penetrate the nascent cells of the mother-plant. This
process may be compared with the ordinary act of fertilisation,
during which the contents of the pollen-tubes penetrate the
closed embryonic sack within the ovule, and determine the de-
velopment of the embryo. According to this view, the cells of
the mother-plant may almost literally be said to be fertilised by
the gemmules derived from the foreign pollen. With all organ-
isms, as we shall presently see, the cells or organic units of
the embryo during the successive stages of development may in
like manner bo said to be fertilised by the gemmules of the
cells, which come next in the order of formation.

Animals, when capable of sexual reproduction, are fully
developed, and it is scarcely possible that the male element
should affect the tissues of the mother in the same direct manner
as with plants; nevertheless it is certain that her ovaria are
sometimes affected by a previous impregnation, so that the
ovules subsequently fertilised by a distinct male are plainly-
influenced in character; and this, as in the case of foreign
pollen, is intelligible through the diffusion, retention, and action
of the gemmules included within the spermatozoa of the pre-
vious male.

Each organism reaches maturity through a longer or shorter
course of development. The changes may be small and insen-
sibly slow, as when a child grows into a man, or many, abrupt,
and slight, as in the metamorphoses of certain ephemerous insects,
or again few and strongly marked, as with most other insects.
Each part may be moulded within a previously existing and
corresponding part, and in this case it will appear, falsely as T
believe, to be formed from the old part ; or it may be developed
within a wholly distinct part of the body, as in the extreme
cases of metagenesis. An eye, for instance, may be developed
at a spot where no eye previously existed. ‘We have also seen
that allied organic beings in the course of their metamorphoses
sometimes attain nearly the same structure after passing
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through widely different forms; or conversely, after passing
through nearly the same early forms, arrive at a widely
different termination. -In these cases it is very difficult to believe
that the early cells or units possess the inherent power, inde-
pendently of any external agent, of producing new structures
wholly different in form, position, and function. But these cases
become plain on the hypothesis of pangenesis. The organic
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 in the proper
order of development becomes partially developed, it unites with
(or to speak metaphorically is fertilised by) the gemmule of the
next succeeding cell, and so onwards. Now, supposing that at any
stage of development, certain cells or aggregates of cells had been
slightly modified by the action of some disturbing cause, the cast-
off gemmules or atoms of the cell-contents could hardly fail to
be similarly affected, and consequently would reproduce the same
modification. This process might be repeated until the struc-
ture of the part at this particular stage of development became
greatly changed, but this would not necessarily affect other
parts whether previously or subsequently developed. In this
manner we can understand the remarkable independence of
structure in the i rphoses, and especially in the
suceessive metageneses of many animals.

The term growth ought strictly to be confined to mere
inerease of size, and development to change of structure.® Now,
a child is said to grow into a man, and a foal into a horse, but,
as in these cases there is much change of structure, the process
properly belongs to the order of development. We have indirect
evidence of this in many variations and diseases supervening
during so-called growth at a particular period, and being in-
herited at a corresponding period. In the case, however, of
diseases which supervene during old age, subsequently to the
ordinary period of procreation, and which nevertheless are some-
times inherited, as occurs with brain and heart complaints, we

4 Various physiologists have insisted  instance in microcephalons  idiots, in
on this distinction between growth and  which the brin continues to -grow
development. Prof. Marshall (“Phil. after having been arrested in its deve-
‘Transact.,’ 1864, p. 544) gives a good lopment.
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must suppose that the organs were in fact affected at an earlier
age and threw off at this period affected gemmules; but that
the affection hecame visible or injurious only after the prolonged
growth of the part in the strict sense of the word. In all the
changes of structure which regularly supervene during old age,
we see the effects of deteriorated growth, and not of true
development.

In the so-called process of alternate generation many indi-
viduals are generated asexually during very early or later stages
of development. These individuals may closely resemble the
preceding larval form, but generally are wonderfully dissi-
milar. To understand this process we must supposo that at
a certain stage of develop the des are multiplied
at an unusual rate, and become aggregated by mutual affinity
at many centres of attraction, or buds. These buds, it may be
remarked, must include gemmules not only of all the suceeeding
but likewise of all the preceding stages of development; for
when mature they have the power of transmitting by sexual
generation gemmules of all the stages, however numerous these
may be. It was shown in the First Part, at least in regard to
animals, that the new beings which are thus at any period
asexually d do not de in devel that
is, they do not pass through those earlier stages, through which
the fertilised germ of the same animal has to pass; and an
explanation of this fact was attempted as far as the final or
teleological cause is concerned. We carr likewise understand _
the proximate cause, if we assume, and the assumption is far
from improbable, that buds, like chopped-up fragments of a
hydra, are formed of tissue which has already passed through
several of the earlier stages of development; for in this case
their component cells or units would not unite with the gem-
mules derived from the earlier-formed cells, but only with those
which came next in the order of development. On the other
hand, we must believe that, in the sexual elements, or probably
in the female alone, gemmules of certain primordial cells are
present; and these, as soon as their development commences,
unite in due succession with the gemmules of every part of
the body, from the first to the last period of life.

The principle of the independent formation of each part, in
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so far as its development depends on the union of the proper
gemmules with certain nascent cells, together with the super-
abundance of the gemmules derived from both parents and self-
multiplied, throws light on a widely different group of facts,
which on any ordinary view of development appears very strange.
T allude to organs which are abnormally multiplied or transposed.
Thus gold-fish often have supernumerary fins placed on various
parts of their bodies. We have seen that, when the tail of a
lizard is broken off, a double tail is sometimes reproduced, and
when the foot of the der is divided longitudinally, ad-
ditional digits are occasionally formed. When frogs, toads, &e.,
are born with their limbs doubled, as sometimes occurs, the
doubling, as Gervais remarks* cannot be due to the com-
plete fusion of two embryos, with the exception of the limbs,
for the larve are limbless. The same argument is applicable
to certain insects produced with multiple legs or antennz, for
these are metamorphosed from apodal or antennwless larvee.
Alphonse Milne-Edwards® has described the curious case of
a crust: in which one eye-peduncle supported, instead of a
complete eye, only an imperfect cornea, out of the centre of
which a portion of an antenna was developed. A case has been
recorded ¥ of a man who had during both dentitions a double
tooth in place of the left second incisor, and he inherited
this peculiarity from his paternal grandfather. Several cases
are known ® of additional tecth having been developed in
the palate, more especially with horses, and in the orbit of the
eye. Certain breeds of sheep bear a whole crowd of horns
on their forcheads. Hairs occasionally appear in strange
situations, as within the ears of the Siamese hairy family;
and hairs “quite natural in structure” have been observed
«within the substance of the brain”# As many as five spurs
have been seen on both legs in certain Game-fowls. In the
Polish fowl the male is ornamented with a topknot of hackles

44 « Compte Rendu, Nov. 14,1864, p. ¢ Sedgwick, in *Medico-Chirurg.
800. Review,” April 1863, p. 454

s As proviously remarked by 4 Isid. Geoffroy St. Hilaire, <Ii
Quatrefages, in his *Metamorphoses  des Anomalics; tom. i, 1832, pp.

de P'Homme; &e., 1862, p. 129. 657; and tom. ii. p. 560.
o Gimther's +Zoologieal Record; % Virchow, *Oellular Pathology,’
1864, p. 279. 1860, p. 66.
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like those on his neck, whilst the female has one of common
feathers. In feather-footed pigeons and fowls, feathers Iike
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 shaft.

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. T
have seen a leaflet low down in the compound leaf of Vicia
sativa converted into a tendril, and a tendril possesses many
peculiar properties, such as spontaneous moverhent and irrita-
bility.  The calyx sometimes assumes, either wholly or by
stripes, the colour and texture of the corolla. Stamens are so fre-
quently converted, more or less completely, into petals, that such
cases are passed over as not deserving notice ; but as petals have
special functions to perform, namely, to protect the included
organs, to attract insects, and in not a few cases to guide their
entrance by well-adapted contrivances, we can hardly account
for the conversion of stamens into petals merely by unnatural
or superfluous nourishment. Again, the edge of a petal may
occasionally be found including one of the highest products of
the plant, namely the pollen; for instance, I have seen in an
Ophrys a pollen-mass with its curious structure of little packets,
united together and to the caudicle by elastic threads, formed
between the edges of an upper petal.  The segments of the
calyx of the common pea have been obseryed partially converted
into carpels, including ovules, and with their tips converted into
stigmas.  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 free
and bund; les of the transposed organs are
developed in the wrong place, from uniting with wrong cells
or aggregates of cells during their nascent state; and this would
follow from a slight modification in the elective affinity of such
cells, or possibly of certain gemmules. Nor ought we to feel
much surprise at the affinities of cells and gemmules varying

* Moquin-Tandon, * Tératologie Véz,' 1841, pp. 218, 220, 853 Tor fhe
case of the pea, see ¢ Gardener's Chron,,’ 1866, p. 897.
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under d icati when * we ber the many curious

cases given, in the seventeenth chapter, of cultivated plants
which absolutely refuse to be fertilised by their own pollen
or by that of the same species, but are abundantly fertile
with pollen of a distinct species; for this implies that their
sexual elective affinities—and this is the term used by Giirtner
—have been modified.  As the cells of adjoining or homologous
parts will have nearly the same nature, they will be liable to
acquire by variation each other’s elective affinities; and we can
thus to a certain extent understand such cases as a crowd of
horns on the heads in certain sheep, of several spurs on the leg,
and of hackles on the head of the fowl, and with the pigeon the
occurrence of wing-feathers on their legs and of membrane
between their toes; for the leg is the homologue of the wing.
As all the organs of plants are homologous and spring from a
common aixis, it is natural that they should be eminently linble to
transposition. Tt ought to be observed that when any compound
part, such as an_additional limb or an antenna, springs from a
false position, it is only necessary that the few first gemmules
should be wrongly attached; for. these whilst developing would
attract others in due succession, as in the regrowth of an
amputated limb. When parts which are homologous and
similar in structure, as the vertebre in snakes or the stamens
in polyandrous flowers, &c., are repeated many times in the
same i closely allied les 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 understand Isid. Geoffroy St. Hilaire’s law,
namely, that parts, which are already multiple, are extremely
linble to vary in number.

The same general principles apply to the fusion of homo-
logous parts; and with respect to mere cohesion there is pro-
bably always some degree of fusion, at least near the surface.
‘When two embryos during their éarly development come into
close contact, as both include corresponding gemmules, which must,
be in all respects almost identical in nature, it is not surprising
that some derived from one embryo and some from the other
should unite at the point of contact with a single nascent cell or
aggregate of cells, and thus give rise to a single part or organ.
TFor instance, two embryos might thus come to have on their
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adjoining sides a single symmetrical arm, which in one sense
will have been formed by the fusion of the bones, muscles, &e.,
belonging to the arms of both embryos. In the case of the fish
described by Lereboullet, in which a double head was seen
gradually to fuse into a single one, the same process must have
taken place, together with the absorption of all the parts which
had been alrealy formed. These cases are exactly the reverse”
of those in which a part is doubled either spontaneously or after
an injury ; for in the case of doubling, the superabundant gem-
mules of the same part are separately developed in union with
adjoining points; whilst in the case of fusion the gemmules
derived from two homologous parts become mingled and form a
single part; or it may be that the gemmules from one of two
adjoining embryos alone become developed.

Variability often depends, as I have attempted to show,
on the reproductive organs being injuriously affected by
changed conditions; and in this case the gemmules derived
from the various parts of the body are probably aggregated in
an irregular manner, some superfluous and others deficient.
‘Whether a superabundance of gemmules, together with fusion
during development, would lead to the increased size of any
part cannot be told; but we can see that their partial deficiency,
without necessarily leading to the entire abortion of the part,
might cause considerable modifications; for in the same manner
as a plant, if its own pollen be excluded, is easily hybridised, so,
in the case of a cell, if the properly succeeding gemmules were
absent, it would probably combine easily with other and allied
gemmules. We see this in the case of imperfect nails growing
on the stumps of amputated fingers® for the gemmules of the
nails have manifestly been developed at the nearest point.

In variations caused by the direct action of changed conditions,
whether of a deéfinite or indefinite nature, as with the fleeces of
sheep in hot countries, with maize grown in cold countries, with
inherited gout, &c., the tissues of the body, according to the
doctrine of pangenesis, are directly affected by the new con-
ditions, and consequently throw off modified gemmules, which
are transmitted with their newly acquired peculiarities to the
offspring. On any ordinary view it is unintelligible how changed

* Miiller's * Physiology,” Eng. translat., vol. i. p. 407.




Cumap. XXVIL OF PANGENESIS. 395

conditions, whether acting on the embryo, the young or adult
animal, can cause inherited modifications. It is equally or even
more unintelligible on any ordinary view, how the effects of the
long-continued use or disuse of any part, or of changed habits
of body or mind, can be inherited. A more perplexing problem
can hardly be proposed; but on our view we have only to sup-
pose that certain cells become at last not only functionally but
structurally modified; and that these throw off similarly
modified gemmules. This may occur at any period of develop-
ment, and the modification will be inherited at a corresponding
period; for the modified gemmules will unite in all ordinary
cases with the proper preceding cells, and they will conse-
quently be developed at the same period at which the modifi-
cation first arose. With respect to mental habits or instincts,
we are so profoundly ignorant on the relation between the
brain and the power of thought that we do not know whether
an inveterate habit or trick induces any change in the nervous
system; but when any habit or other mental attribute, or
insanity, is inherited, we must believe that some’ actual modi-
fication is transmitted;* and this implies, according to our
hypothesis, that gemmules derived from modified nerve-cells
are transmitted to the offspring.

Tt is generally, perhaps always, necessary that an organism
should be exposed during several generations to changed con-
ditions or habits, in order that any modification in the struc-
ture of the offspring should ensue. This may be partly due
to the changes not being at first marked enough to catch the
attention, but this explanation is insufficient; and I can account
for the fact, only by the assumption, which we shall see under
the head of reversion is strongly supported, that gemmules
derived from each cell before it had undergone the least modifi-
cation are transmitted in large numbers to successive genera-
tions, but that the gemmules derived from the same cells after
modification, naturally go on increasing under the same favour-
ing conditions, until at last they become sufficiently numerous
to overpower and supplant the old gemmules.

Another difficulty may be here noticed; we have seen that

2 See some remarks to this effect by Sir H. Holland in his ‘Medical Notes,”
1839, p. 82.
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there is an important difference in the frequency, though not
in the nature, of the variations in plants propagated by sexual
and asexual generation. As far as variability depends on the
imperfect action of the reproductive organs under changed con-
ditions, we can at once see why seedlings should be far more
variable than plants propagated by buds. We know that
extremely slight causes,—for instance, whether a tree has been

grafted or grows on its own stock, the position of the seeds "

within the capsule, and of the flowers on the spike,—sometimes
suffice to determine the variation of a plant, when raised from
seed. Now, it is probable, as explained when discussing alter-
nate generauon that a bud is formed of a portion of already

iated tissue; ly an organism thus formed
does not pass through the earlier phases of development, and
cannot be so freely exposed, at the age when its structure
would be most readily modified, to the various causes inducing
variability ; but it is very doubtful whether this is a sufficient
explanation of the difficulty.

‘With respect to the tendency to reversion, there is a similar
difference between plants propagated from buds and seed.
Many varieties, whether originally produced from seed or buds,
can be securely propagated by buds, but generally or invariably
revert by seed. 8o, also, hybridised plants can be multiplied
to any extent by buds, but are continually liable to reversion
by seed,—that is, to the loss of their hybrid or. intermediate
character. I can offer no satisfactory explanation of this fact.
Here is a still more perplexing case: certain plants with varie-
gated leaves, phloxes with striped flowers, barberries with
seedless fruit, can all be securely propagated by the buds on
cuttings; but the buds developed from the roots of these cuttings
almost invariably lose their character and revert to their former
condition.

Finally, we can see on the hypothesis of pangenesis that
variability depends on at least two distinct groups of causes.
Firstly, on the deficiency, superabundance, fusion, and trans-
position of gemmules, and on the redevelopment of those
which have long been dormant. In these cases the gemmules

hemselves have undergone no modification ; but the i
in the above respects will amply account for much fluctuating
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variability. Secondly, in the cases in which the organisation
has been modified by changed conditions, the increased use or
disuse of parts, or any other cause, the gemmules cast off from
the modxﬁed umts of the body will be themselves modified, and,
when Itiplied, will be developed into new and
changed structures.

Turning now to Inheritance: if we suppose a homogeneous
gelatinous protozoon to vary and assume a reddish colour, a
minute separated atom would naturally, as it grew to full size,
retain the same colour ; and we should have the simplest form
of inheritance. Precisely the same view may be extended to
the infinitely numerous and diversified units of which the whole
body in ono of the higher animals is composed; and the
separated atoms are our gemmules. We have already suffi-
ciently discussed the inheritance of the direct effects of changed
conditions, and of increased use or disuse of parts, and, by im-
plication, the important principle of inheritance at corresponding
ages. These groups of facts are to a large extent intelligible
on the hypothesis of pangenesis, and on no other hypothesis as
yet advanced.

A few words must be added on the complete abortion or sup-
pression of organs. When a part becomes diminished by
disuse prolonged during many generations, the principle of
economy of growth, as previously explained, will tend to reduce
it still further; but this will not account for the complete or
almost complete obliteration of, for instance, a minute papilla
of cellular tissue representing a pistil, or of a microscopically
minute nodule of bone representing a tooth. In certain cases
of suppression not yet pleted, in which a rudiment occa-
sionally reappears through reversion, diffused gemmules derived
from this part must aooording fo'one viaw. &hll axiat: hence wwa
must suppose that the cells, in union with which the rudiment
was formerly developed, in these cases fail in their affinity for
such gemmules. But in the cases of complete and final abortion
the gemmules themselves no doubt have perished ; nor is this

5 This is the view taken by Prof.  constituirten Materie im elterlichen und
Hiickel, in his * Generelle Morpliologie”  im kindlichen Organismus, die Thei-
(B. ii. s 171), who says: “Lediglich lung dieser Materie bei der Fortpflan-
die partielle Identitiit der specifisch-  zung, ist die Ursache der Erblichkeit.”
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in any way improbable, for, though a vast number of active and
long-dormant gemmules are diffused and nourished in each living
creature, yet there must be some limit to their number; and it
appears natural that les derived from an ‘bled and use-
less rudiment would be more liable to perish than those derived
from other parts which are still in full functional activity.

With respect to mutilations, it is certain that a part may
be removed or injured during many generations, and no in-
herited result follow; and this is an apparent objection to the
hypothesis which will occur to every one. But, in the first
place, a being can hardly be intentionally mutilated during its
early stages of growth whilst in the womb or egg; and such
mutilations, when naturally caused, would appear like con-
genital deficiencies, which are ionally inherited. In the
second place, according to our hypothesis, gemmules multiply
by self-division and are transmitted from generation to gene-
ration ; so that during a long period they would be present and
ready to reproduce a part which was repeatedly amputated.
Nevertheless it appears, from the facts given in the twelfth
chapter, that in some rare cases mutilations have been inhe-
rited, but in most of these the mutilated surface became diseased.
Tn this case it may be conjectured that the gemmules of the lost
part were gradually all attracted by the partially diseased surface,
and thus perished. Although this would occlir in the injured
individual alone, and therefore in only one parent, yet this might
suffice for the inheritance of a mutilation, on' the same principle
that a hornless animal of either sex, when crossed with a perfect
animal of the opposite sex, often transmits its deficiency.

The last subject that need here be discussed, namely Rever-
sion, rests on the principle that transmission and development,
though generally acting in conjunction, are distinct BORGES and
the of les and their
show us how the existence of these two distinct powers is
possible. 'We plainly see this distinction in the many cases in
which a grandfather transmits to his grandson, through his
daughter, characters which she does not, or cannot, possoss.
‘Why the develop of certain ch not in
any way connected with the reproductive organs, should be con-
fined to one sex alone—that is, why certain cells in one sex

e
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should unite with and .cause the development of certain gem-
mules—we do not in the least know; but it is the common
attribute of most organic beings in which the sexes are separate.
The distinction between ission and d t is
likewise seen in all ordinary cases of Reversion; but before
discussing this subject it may be advisable to say a few words
on those characters which I have called latent, and which
would not be classed under Reversion in its usual sense. Most,
or perhaps all, the secondary characters, which appertain to
one sex, lie dormant in the other sex; that is, gemmules
capable of development into the secondary male sexual characters
are included within the female; and conversely female cha-
racters in the male. Why in the female, when her ovaria
become diseased or fail to act, certain masculine gemmules
become developed, we do not clearly know, any more than why
when a young bull is castrated his horns continue growing
until they almost resemble those of a cow; or why, when a stag
is castrated, the gemmules derived from the antlers of his pro-
genitors quite fail to be developed. But in many cases, with
variable organic beings, the mutual affinities of the cells and
gemmules become modified, so that parts are transposed or
multiplied; and it would appear that a slight change in the
constitution of an animal, in connection with the state of
the reproductive organs, leads to changed affinities in the
tissues of various parts of the body. Thus, when male animals
first arrive at puberty, and subsequently during each recur-
rent season, certain cells or parts acquire an affinity for cer-
tain gemmules, which become developed into the secondary
masculine characters; but if the reproductive organs be de-
stroyed, or even temporarily disturbed by changed conditions,
these affinities are not excited. Nevertheless, the male, before
he arrives at puberty, and during the season when the species
does not breed, must include the proper gemmaules in a latent
state. The curious case formerly given of a Hen which assumed
the ma.scu].me characters, not of her own breed but of a remote
the ion between latent sexual cha-

racters and ordinary reversion. With those animals and plants
which habitually produce several forms, as with certain butter-
flies described by Mr. Wallace, in which three female forms and
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the male exist, or as with the trimorphic species of Lythrum
and Oxalis, gemmules capable of reproducing sevéral widely-
different forms must be latent in each individual.

The same principle of the latency of certain characters, com-
bined with the transposition of organs, may be applied to those
singular cases of butterflies and other insects, in which exactly
one half or one quarter of the body resembles the male, and the
other half or three quarters the female; and when this oceurs
the opposite sides of the body, separated from each other by a
distinet line, sometimes differ in the most conspicuous manner.
Again, these same principles apply to the cases given in the thir-
teenth chapter, in which the right and left sides of the body differ
to an extraordinary degree, as in the spiral winding of certain
shells, and as in the genus Verruca among cirripedes ; for in
these cases it is known that either side indifferently may undergo
the same remarkable change of development.

Reversion, in the ordinary sense of the word, comes into action
50 incessantly, that it evidently forms an essential part of the
general law of inheritance. It occurs with beings, however
propagated, whether by buds or seminal generation, and some-
times may even be observed in the same individual as it advances
in age. The tendency to reversion is often induced by a change
of conditions, and in the plainest manner by the act of crossing.
Crossed forms are generally at first nearly intermediate in cha-
racter between their two parents; but in the next generation
the offspring generally revert to one or both of their grand-
parents, and occasionally to more remote ancestors. How can
we account for these facts? Each organic unit in a hybrid must
throw off, according to the doctrine of pangenesis, an abundance
of hybridised gemmules, for crossed plants can be readily and
largely propagated by buds; but by the same hypothesis there
will likewise be present dormant gemmules derived from both
pure parent-forms ; and as these latter retain their normal con-
dition, they would, it is probable, be enabled to multiply largely
during the lifetime of each hybrid. Consequently the sexual
elements of a hybrid will include both pure and hybridised
gemmules; and when two hybrids pair, the combination of pure
gemmules derived from the one hybrid with the pure gem-
mules of the same parts derived from the other would neces-
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sarily lead to complete reversion of character ; and it is, perhaps,
not too bold a supposition that unmodified and undeteriorated
gemmules of the same nature would be especially apt to oom-
bine. Pure les in combination with hybridised

would lead to partial reversion. And lastly, hybridised gem-
mules derived from both parent-hybrids would simply reproduce
the original hybrid form.** All these cases and degrees of
reversion incessantly occur.

It was shown in the fifteenth chapter that certain characters
are antagonistic to each other or do not readily blend together ;
hence, when two animals with antagonistic characters are crossed,
it might well happen that a sufficiency of gemmules in the male
alone for the duction of his peculiar ch and in the
female alone for the reproduction of her peculiar characters,
would not be present ; and in this case dormant gemmules derived
from some remote progenitor might easily gain the ascendency,
and cause the reapp of long-lost ch For instance,
when black and white pigeons, or black and white fowls, are
crossed,—colours which do not readily blend,—blue plumage in
the one case, evidently derived from the rock-pigeon, and red
plumage in the other case, derived from the wild jungle-cock,
occasionally reappear. With uncrossed breeds the same result
would follow, under conditions which favoured the multiplica-
tion and development of certain dormant gemmules, as when
animals become feral and revert to their pristine character. A
certain number of gemmules being requisite for the development
of each character, as is known to be the case from several sper-
matozoa or pollen-grains being necessary for fertilisation, and
time favouring their multiplication, will together account for the
curious cases, insisted on by Mr. Sedgwick, of certain diseases
regularly appearing in alternate generations. This likewise
holds good, more or less strictly, with other weakly inherited mo-
difications. Hence, as I have heard it remarked, certain diseases
appear actually to gain strength by the intermission of a genera-
tion. The ion of dormant les during many
suceessive generations is hardly in itself more improbable, as

4 In these remarks I, in fact, follow  crossed. Sce his excellent memoir in
Naudin, who speaks of the elements or  the Nouvelles Archives du Muséum,’
essences of the two species which are tom, i. p. 151
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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 all dormant

would be itted and propagated for ever. Ex-
cessively mirute and numerous as they are believed to be, an
infinite number derived, during a long course of modification
and descent, from each cell of each progenitor, could not be
supported or nourished by the organism. On the other hand,
it does mot seem improbable that certain gemmules, under
favourable conditions, should be retained and go on multiplying
for a longer period than others. Finally, on the views here
given, we certainly gain sbme clear 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
generations. . 31 .

)
Conclusion.

The hypothesis of Pangenesis, as applied to the several great
classes of facts just discussed, no doubt is extremely complex ;
but so assuredly are the facts. The assumptions, however, on
which the hypothesis rests cannot be considered as complex in
any extreme degree—namely, that all organic units, besides
having the power, as is generally admitted, of growing by self-
division, throw off free and minute atoms of their contents, that
is gemmules. These multiply and aggregate themselves into
buds and the sexual elements; their development depends on
their union with other nascent cells or units; and they are capable
of transmission in a dormant state to successive generations.

In a highly organised and complex animal, the gemmules
thrown off from each different cell or unit throughout the body
must be inconceivably numerous and minute. Each unit of each
part, as it changes during development, and we know that some
insects undergo at least twenty metamorphoses, must throw off
its gemmules. All organic beings, moreover, include many
dormant gemmules derived from their grandparents and more
remote progenitors, but not from all their progenitors. These
almost infinitely numerous and minute gemmules must be
included in each bud, ovule, spermatozoon, and pollen-grain.
Such an admission will be declared impossible ; but, as previously
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remarked, number and size are only relative difficulties, and
the eggs or seeds produced by certain animals or plants are so
numerous that they cannot be grasped by the intellect.

The organic particles with which the wind is tainted over
miles of space by certain offensive animals must be infinitely
minute and numerous; yet they strongly affect the olfactory
nerves. An analogy more appropriate is afforded by the con-
tagious particles of certain diseases, which are so minute that
they float in the atmosphere and adhere to smooth paper; yet
we know how largely they increase within the human body, and
how powerfully they act. Independent organisms exist which
are barely visible under the highest powers of our recently-
improved microscopes, and which probably are fully as large
as the cells or units in one of the higher animals; yet these

no doubt reprod: 1 lves by germs of extreme
minuteness, relatively to their own minute size. Hence the diffi-
culty, which at first appears insurmountable, of believing in
the exist of 80 and so small as they
must be according to our hypothesis, has really little weight.

The cells or units of the body are generally admitted by phy-
siologists to be autonomous, like the buds on'a tree, but in a
less degree. I goone step further and assume that they throw off
reproductive gemmules. Thus an animal does not, as a whole,
generate its kind through the sole agency of the reproductive
system, but each separate cell generates its kind. It has
often been said by naturalists that each cell of a plant has the
actual or potential capacity of reproducing the whole plant ; but
it has this power only in virtue of containing gemmules derived
from every part. If our hiypothesis be provisionally accepted, we
must look at all the forms of asexual reproduction, whether oc-
curring at maturity or as in the case of alternate generation
during youth, as f\mdument.&lly the same, and dependent on the
mutual and of the les. The
regrowth of an amputated Timb or the healing of a wound is the
same process partially carried out. Sexual generation differs in
some important respects, chiefly, as it would appear, in an insuf-
ficient number of gemmules being aggregated within the separate
sexual elements, and probably in the presence of certain primor-
dial cells. The development of each being, including all the

202
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forms of metamorphosis and metagenesis, as well as the so-
called groth of the higher animals, in which structuro changes
though not in a striking manner, depends on. the presence of
gemmules thrown off at each period of life, and on their develop-
ment, at a corresponding period, fn union with proceding calls.
Such cells may bo said to be fertilised by the gemmules which
come next in the order of development. Thus the ordinary act
of imprégnation and the development of each being are closely
analogous processes. The child, strictly speaking, does not grow
into the man, but-includes germs which slowly and successively
betome developed and form the man, In the child, as well as
in the adult, each part generates the same part for the next
generation.’ Inheritance must be looked at as merely a form

of growth, like the self-division of a lowl.
plant. Reversion depends on the transmission from the fore-
father to his d d of dormant les, which occa-

sionally become developed under certain known or unkiown
conditions. Each animal and plant may be compared to a bed
of mould full of seeds, most of which-soon germinate, some lie
for a period dormant, whilst others perish. When we hear it
said that a man carries in his constitution the seeds of an in-
herited disease, there is much literal truth in the expression.
Finally, the power of propagation possessed by each separate
cell, using the term in its largest sense, determines the repro-
duction, the variability, the development and renovation of each
living organism. No other attempt, as far as T am aware, has
been made, imperfect as this confessedly is, to connect under
one point of view these several grand classes of facts. We
cannot fathom the marvellous complexity of an organic being ;
but on' the hypothesis here advanced this complexity is much
inereased. Each living creature must be looked at as a mi-
crocosm—a little universe, formed of a host of self:propagating

isms, i ivably minute and as as the stars in

heaven.
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CHAPTER XXVIIL

CONCLUDING REMARKS.

DOMESTICATION — NATURE AND CAUSES OF VARIABILITY — SELECTION — DIVER-
GENCE AND DISTINOTNESS OF CHARACTER — EXTINCTION OF RACES — CIRCUM-
STANCES FAVOURABLE TO SELECTION BY MAN — ANTIQUITY OF CERTAIN RACES —
THE QUESTION WHETHER EACH PARTICULAR VARIATION HAS BEEN SPECIALLY PRE-
ORDATNED.

As summaries have been added to nearly all the chapters, and
as, in the chapter on pangenesis, various subjects, such as the
forms of reproduction, inheritance, reversion, the causes and
laws of variability, &c., have been recently discussed, I will
here only make a few general remarks on the more important
conclusions which may be deduced from the multifarious details
given throughout this work.

Savages in all parts of the world easily succeed in taming
wild animals; and those inhabiting any country or island, when
first invaded by man, would probably have been still more
easily tamed. Complete subjugation generally depends on an
animal being social in its habits, and on receiving man as the
chief of the herd or family. Domestication implies almost
complete fertility under new and changed conditions of life, and
this is far from being invariably the case. An animal would not
‘have been worth the labour of domestication, at least during early
times, unless of service to man. From these circumstances the
number of domesticated animals has never been large. With
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 transported to other countries, therefore he could
not have been thus influenced in his choice. We see that the
close adaptation of the reindeer and camel to extremely cold and
hot tries has not p d their d icati Still less
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could man have foreseen whether his animals and plants would
vary in succeeding generations and thus give birth to new races;
and the small capacity of variability in the goose and ass has not
prevented their domestication from the remotest epoch.

With extremely few exceptions, all animals and plants which
have been long domesticated, have varied greatly. It matters
not under what climate, or for what purpose, they are kept,
whether as food for man or beast, for draught or hunting, for
clothing or mere pleasure,—under all these circumstances do-
mesticated animals and plants have varied to a much greater
extent than the forms which in a state of nature are ranked as
one species. Why certain animals ‘and plants have varied
more under domestication than others we do not know, any
more than why some are rendered more sterile than others
under changed conditions of life. But we frequently judge of
the amount of variation by the production of numerous and
diversified races, and we can clearly see why in many cases this
has not occurred, namely, because slight successive variations
have not been steadily accumulated; and such variations will
never be accumulated when an animal or plant is not closely
observed, or much valued, or kept in large numbers.

The fluctuating, and, as far as we can judge, never-ending
variability of our domesticated productions,—the plasticity of
their whole organisation,—is one of the most important facts
which we learn from the numerous details given in the earlier
chapters of this work. Yet domesticated animals and plants can
hardly have been exposed to greater changes in their conditions
than have many natural species during the incessant geological,
geographical, and climatal changes of the whole world. The
former will, however, commonly have been exposed to more
sudden changes and to less continuously uniform conditions.
As man has domesticated so many animals and plants belonging
to widely different classes, and as he certainly did not with pro-
phetic instinct choose those species which would vary most, we
may infer that all natural species, if subjected to analogous
conditions, would, on an average, vary to the same degree.
Few men at the present day will maintain that animals and
plants were created with a tendency to vary, which long
remained dormant, in order that fanciers in after ages might
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rear, for instance, curious breeds of the fowl, pigeon, or canary-
bird.

From several causes it is diffiult to judge of the amount
of modification which our domestic productions have under-
gone. In some cases the primitive parent-stock has become
extinet, or cannot be recognised with certainty owing to its
supposed descendants having been so much modified. In
other cases two or more closely allied forms, after being do-
mesticated, have crossed; and then it is difficult to estimate
how much of the change ought to be attributed to variation.
But the degree to which our domestic breeds have been modified
by the crossing of distinct natural forms has probably been
exaggerated by some authors. A few individuals of one form
would seldom permanently affect another form existing in much
greater numbers; for, without careful selection, the stain of the
foreign blood would soon be obliterated, and during early and
barbarous times, when our animals were first domesticated,
such care would seldom have been taken.

There is good reason to believe that several of the breeds of
the dog, os, pig, and of some other animals, are respectively
descended from distinet wild prototypes; nevertheless the belief
in the multiple origin of our domesticated animals has been
extended by some few naturalists and by many breeders to an
unauthorised extent. Breeders refuse to'look at the whole
subject under a single point of view; I have heard one, who
maintained that our fowls were the descendants of at least
half-a-dozen aboriginal species, protest that he was in no way
concerned with the origin of pigeons, ducks, rabbits, horses, or
any other animal.” They overlook the improbability of many
species having been domesticated at an early and barbarous
period. They do mot consider the improbability of species
having existed in a state of nature which, if like our present
domestic breeds, would have been highly abnormal in comparison
with all their congeners. They maintain that certain species,
which formerly existed, have become extinct or unknown,
although the world is now so much better known. The assump-
tion of so much recent extinction is no difficulty in their eyes;
for they do not judge of its probability by the facility or difficulty
of the extinction of other closely allied wild forms. Lastly,
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they often ignore the whole subject of geographical distribu-
tion as completely as if its laws were the result of chance,

Although from the reasons just assigned it is often difficuls
to judge accurately of the amount of change which our domesti-
cated productions have undergone, yet this can be ascertained
in the cases in which we know that all the breeds are descended
from a single species, as with the pigeon, duck, rabbit, and almost
certainly with the fowl; and by the aid of analogy this is to a
certain extent possible in the case of animals descended from
several wild stocks. It is impossible to read the details given
in the earlier chapters, and in many published works, or to
visit. our various exhibitions, without being deeply impressed
with the extreme variability of our domesticated animals and
cultivated plants. I have in many instances purposely given
details on new and strange peculiarities which have arisen. No
part of the organisation escapes the tendency to vary. The
variations generally affect parts of small vital or physiological
importance, but so it is with the differences which exist
between closely allied species. In these unimportant cha-
racters 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, texture, form, &c., of
the hair, feathers, horns, and other dermal appendages.

Tt has often been asserted that important parts never vary
under domestication, but this is a complete error. Look at
the skull of the pig in any one of the highly improved breeds,
with the occipital condyles and other parts greatly modified; or
look at that of the niata ox. Or again, in the several breeds
of the rabbit, observe the elongated skull, with the differently
shaped occipital foramen, atlas, and other cervical vertebrm,
The whole shape of the brain, together with the skull, has
been modified in Polish fowls; in other breeds of the fowl
the number of the vertebree and the forms of the cervical
vertebre have been changed. In certain pigeons the shape of
the lower jaw, the relative length of the tongue, the size of the
nostrils and eyelids, the number and shape of the ribs, the form
and size of the cesophagus, have all vatied. Tn certain quadru-
peds the length of the intestines has been much increased or
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diminished. With plants we see wonderful differences in the
stones of various fruits, In the Cucurbitaces several highly
important characters have varied, such as the sessile position of
the stigmas on the ovarium, the position of the carpels within
the ovarium, and its projection out of the receptacle. But it
would be useless to run through the many facts given in the
earlier chapters.

Tt is notorious how greatly the mental disposition, tastes,
habits, consensual movements, loquacity or silence, and the tone
of voice have varied and been inherited with our domesticated
animals. The dog offers the most striking instance of changed
mental attributes, and theso differences cannot be accounted for
by deseent from distinct wild types. New mental characters
have certainly often been acquired, and natural ones lost, under
domestication.

New characters may appear and disappear at any stage of
growth, and be inherited at a corresponding period. We see
this in the difference between the eggs of various breeds of the
fowl, and in the down on chickens; and still more plainly in
the differences between the caterpillars and cocoons of various
breeds of the silk-moth. These facts, simple as they appear,
throw light on the characters which distinguish the larval and
adult states of natural species, and on the whole great subject
of embryology. New characters are liable to become attached
exclusively to that sex in which they first appeared, or they
may be developed in a much higher degree in the one than
the other sex; or again, after having become attached to one
sex, they may be partially transferred to the opposite sex.
These facts, and more especially the circumstance that new
characters seem to be particularly liable, from some unknown
cause, to become attached to the male sex, have an important
bearing on the acquirement by animals in a state of nature of
secondary sexual characters.

Tt has sometimes been said that our domestic productions do
not differ in constitutional peculiarities, but this cannot be
maintained. 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, but has
been modified in a fixed manner in only one or two cases. In
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our poultry and pigeons the acquirement of down and of the
first plumage by the young, and of the secondary sexual cha-
racters by the males, differ. The number of moults through
which the larvee of silk-moths Dpass, 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 ten-
dencies to certain diseases, to the attacks of Pparasites, and to
the action of certain vegetable poisons. With plants, adaptation
to certain soils, as with some kinds of plums, the power of resisting
frost, the period of flowering and fruiting, the duration of life,
the period of shedding the leaves and of retaining them through-
out the winter, the proportion and nature of certain chemical
compounds in the tissues or seeds, all vary.

There is, however, one important constitutional difference
between domestic races and species; I refer to the sterility
which almost invariably follows, in a greater or less degree, when
species are crossed, and to the perfect fertility of the most dis-
tinet domestic races, with the exception of a very few plants,
when similarly crossed. It certainly appears a remarkable fact
that many closely allied species which in appearance differ ex-
tremely little should yield when united only a few, more or less
sterile offspring, or none at all 5 whilst domestic races which differ
conspicuously from each other, are when united remarkably fer-
tile, and yield perfectly fertile offspring. - But this fact is not in
reality so inexplicable as it at first appears.  In the first place,
it was clearly shown in the nineteenth chapter that the sterility
of erossed species does not closely depend on differences in their
external structure or general constitution, but results exclusively
from diffe in the reproductive system, anal gous with those
which cause the lessened fertility of the illegitimate unions and
illegitimate offspring of dimorphic and trimorphic plants, In
the second place, the Pallasian doctrine, that species after having
been long domesticated lose their natural tendency to sterility
when crossed, has been shown to be highly probable; we can
scarcely avoid this conclusion when we teflect on the parentage
and present fertility of the several breeds of the dog, of Indian
and European cattle, sheep, and pigs. Hence it would be un-
reasonable to expect that races formed under domestication
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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 reproduc-
tive systems should almost invariably have been modified in so
peculiar a manner as to be mutually incapable of acting on each
other—though in unequal degrees in the two sexes, as shown by
the difference in fertility between reciprocal crosses in the same
species—we do not know, but may with much probability infer
the cause to be as follows. Most natural species have been
habituated to nearly uniform conditions of life for an incom-
parably longer period of time than have domestic races; and
we positively know that changed conditions exert an especial
and powerful influence on the reproductive system. Hence this
difference in habituation may well account for the different
action of the reproductive organs when domestic races and when
species are crossed. It is a nearly analogous fact, that most
domestic races may be suddenly transported from one climate
to another, or be placed under widely different conditions, and
yet retain their fertility unimpaired ; whilst a multitude of
species subjected to lesser changes are rendered incapable of
breeding.

With the exception of fertility, domestic varieties resemble
species when crossed in transmitting their characters in the
same unequal manner to their offspring, in being subject to the
prepotency of one form over the other, and in their liability
to reversion. By repeated crosses a variety or a species may
be made completely to absorb another. Varieties, as we shall
seo when we treat of their antiquity, sometimes inherit their
new characters almost, or even quite, as firmly as species.
With both, the conditions leading to variability and the
laws governing its nature appear to be the same. Domestic
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 character,—or natural. With varieties a natural clas-
sification is certainly founded, and with species is apparently
founded, on community of descent, together with the amount of
modification which the forms have undergone. The characters
by which domestie varieties differ from each other are more
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variable than those distinguishing species, though hardly more
o than with certain protean species; but this greater degree
of variability is not surprising, as varieties have generally been
exposed within recent times to fluctuating conditions of life,
are much more liable to have been crossed, and are still in
many cases undergoing, or have recently undergone, modifica-
tion by man’s methodical or unconscious selection.

Domestic varieties as a general rule certainly differ from each
other in less important parts of their organisation than do
species; and when important differences occur, they dre seldom
firmly fixed; but this fact is intelligible if we consider man’s
method of selection. In the living animal or plant he cannot
observe internal modifications in the more important organs;
nor does he regard them as long as they are compatible with
health and life. ‘What does the breeder care about any slight
change in the molar teeth of his pigs, or for an additional
molar tooth in the dog; or for any change in the intestinal
canal or other internal organ? The breeder cares for the
flesh of his cattle being well marbled with fat, and for an
accumulation of fat within the abdomen of his sheep, and this
he has effected. What would the floriculturist care for any
change in the structure of the ovarium or of the ovules? As
important internal organs are certainly liable to numerous
slight variations, and as theso would probably be inherited, for
many strange monstrosities are transmitted, man could un-
doubtedly effect a certain amount of change in these organs.
When he has produced any modification in an important part,
it"has generally been unintentionally in correlation with some
other conspicuous part, as when he has given ridges and protu-
berances to the skulls of fowls, by attending to the form of the
comb, and in the case of the Polish fowl to the plume of feathers
on the head. By attending to the external form of the pouter-
pigeon, he has enormously increased the size of the wsophagus,
and has added to the number of the ribs, and given them
greater breadth. With the carrier-pigeon, by increasing, through
steady selection, the wattles on the upper mandible, ho has
greatly modified the form of the lower mandible ; and so in many
other cases. Natural species, on the other hand, have been mo-
dified exclusively for their own good, to fit them for infinitely
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diversified conditions of life, to avoid enemies of all kinds, and
to struggle against a host of competitors. Hence, under such
complex conditions, it would often happen that modifications
of the most varied kinds, in important as well as in unimportant
parts, would be advantageous or even necessary ; and they would
slowly but surely b acquired through the survival of the fittest.
Various indirect modifications would likewise arise through the
law of correlated variation.

Domestic breeds often have an abnormal or semi-monstrous
character, as the Ttalian greyhound, bulldog, Blenheim spaniel,
and bloodhound amongst dogs,—some breeds of cattle and pigs,
several breeds of the fowl, and the chief breeds of the pigeon.
The di between such ak 1 breeds occur in parts
which in closely-allied natural species differ but slightly or not
at all. This may be accounted for by man’s often selecting,

pecially at first, consp and semi-monstrous deviations of
structure.  We should, however, be cautious in deciding what
deviations ought to be called monstrous: there can hardly be a
doubt that, if the brush of horse-like hair on the breast of the
turkey-cock had first appeared on the domesticated bird, it would
have been considered a monstrosity ; the great plume of feathers
on the head of the Polish cock has been thus designated, though
phimes aro common with many kinds of birds; we might call
the wattle or corrugated skin round the base of the beak of the
English carrier-pigeon a monstrosity, but we do not thus speak
of the globular fleshy excrescence at the base of the beak of
the male Carpophaga oceanica.

Some authors have drawn a wide distinction between
artificial and natural breeds; although in extreme cases the
distinction is plain, in many other cases an arbitrary line
Tas to be drawn. The difference depends chiefly on the kind
of selection which has been applied. Artificial breeds are
those which have been intentionally improved by man; they

quently have an d app and are iall
liable to loss of 11, through jon and i
variability. The so-called natural breeds, on the other hand,
are those which are now found in semi-civilised countries, and
which formerly inhabited separate districts in nearly all the
Furopean kingdoms. They have Deen rarely acted on by man’s

1




414 CONCLUDING REMARKS. Crap. XXVIIL

intentional selection; more frequently, it is probable, by un-
conscious selection, and partly by natural selection, for animals
kept in semi-civilised countries have to provide largely for their
own wants. Such natural breeds will also, it may be presumed,
have been directly acted on to some extent by the differences,
though slight, in the surrounding physical conditions,

It is amuch more important distinction that some breeds have
been from their first origin modified in so slow and insensible a
manner, that if we could see their early progenitors we should
hardly be able to say when or how the breed first arose ; whilst
other breeds have originated from a strongly-markod or semi-
monstrous deviation of structure, which, however, may subse-
quently have been augmented by selection. From what we
know of the history of the racehorse, greyhound, gamecock,
&e., and from their general appearance, we may foel nearly con-
fident that they were formed by a slow process of improvement :
and with the carrier-pigeon, as well as with some other pigeons,
we know that this has been the case.  On the other hand, it is
certain that the ancon and mauchamp breeds of sheep, and
almost certain that the niata cattle, turnspit and pug-dogs,
Jjumper and frizzled fowls, short-faced tumbler pigeons, hook-
billed ducks, &c., and with plants a multitude of varieties, sud-

abrupt manner. But we have no evidence of the appearance, or
at least of the continued Pprocreation, under nature, of abrupt
modifications of structure ; and various general reasons could be
assigned against such a belief: for instance, without Separation
a single monstrous variation would almost certainly be soon
obliterated by erossing.

On the other hand, we have abundant evidence of the con-
stant occurrence under nature of slight individual differences of
the most diversified kinds; and thus we are led to conclude that
species have generally originated by the natural selection, not of
abrupt modifications, but of extremely slight difforencey. This
process may bo strietly compared with tho slow and gradual im.
provement of the racel hound, and k. As every
detail of structure in each species is closely adapted to its general
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habits of life, it will rarely happen that one part alone will be
modified ; but the co-adapted modifications, as formerly shown,
need not be absolutely simultaneous. Many variations, however,
are from the first connected by the law of correlation. Hence
it follows that even closely-allied species rarely or never differ
from each other by some one character alone; and this same
remark applies to a certain extent to domestic races; for these,
if they differ much, generally differ in many respects.

Some naturalists boldly insist! that species are absolutely
distinet productions, never passing by intermediate links into
each other; whilst they maintain that domestic varieties can
always be connected either with each other or with their parent~
forms. But if we could always find the links between- the
several breeds of the dog, horse, cattle, sheep, pigs, &e., the
incessant doubts whether they are descended from one or several
species would not have arisen. The greyhound genus, if such a
term may be used, cannot be closely connected with any other
breed, unless, perhaps, we go back to the ancient Egyptian
monuments. Our English bulldog also forms a very distinct breed.
In all these cases crossed breeds must of course be excluded, for
the most distinet natural species can thus be connected. By
what links can the Cochin fowl be closely united with others ?
By searching for breeds still preserved in distant lands, and by
going back to historical records, tumbler-pigeons, carriers, and
barbs can be closely connected with the parent rock-pigeon ;
but we cannot thus connect the turbit or the pouter. The
degree of distinctness between the various domestic breeds
depends on the amount of modification which they have under-
gone, and especially on the neglect and final extinction of the
linking, intermediute, and less valued forms.

Tt has often been argued that no light is thrown, from the ad-
mitted changes of domestic races, on the changes which natural
speciesare believed to undergo, as the former are said to be mere
temporary productions, always reverting, as soon as they become
feral, to their pristine form. This argument has been well com-
bated by Mr. Wallace;* and full details were given in the thir-
teenth chapter, showing that the tendency to reversion in feral

1 Godron,  De PEspoce,’ 1859, tom. ii. p. #4, &e.
* Journal Proe. Linn. Soc., 1838, vol. iii. p. 60.
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animals and plants has been greatly exaggerated, though no
doubt to a certain extent it exists. It would be opposed to all
the principles ineulcated 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 in
the course of time in some manner modified. It should also
be remembered that many characters lie latent in all organic
beings ready to be evolved under fitting conditions; and in breeds
modified within recent times the tendency to reversion is parti-
cularly strong. But the antiquity of various breeds clearly proves
that they remain nearly constant as long as their conditions of
life remain the same.

It has been boldly maintained by some authors that the
amount of variation to which our domestic productions are liable
is strictly limited; but this is an assertion resting on little
evidence. Whether or not the amount in any particular direc-
tion is fixed, the tendency to general variability seems unlimited.
Cattle, sheep, and pigs have been domesticated and have varied
from the remotest period, as shown by the researches of Riiti-
meyer and others, yet these animals have, within quite recent
times, been improved in an unparalleled degree; and this im-
plies continued variability of structure. Wheat, as we know
from the remains found in the Swiss lake-habitations, is one of
the most anciently cultivated plants, yet at the present day new
and better varieties occasionally arise. It may be that an ox
will never be produced of larger size or finer proportions than
our present animals, or a race-horse fleeter than Eclipse, or a
gooseberry larger than the London variety ; but he would be
a bold man who would assert that the extreme limit in these
respects has been finally attained. With flowers and fruit it
has repeatedly been asserted that perfection 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 the shortness and length of the beak are the
points which have been steadily improved during at least the
last 150 years; and some of the best judges deny that the goal has
yet been reached. We may, also, reasonably suspect, from what
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we see in natural species of the variability of extremely modified
parts, that any structure, after remaining constant during a long
serios of generations, would, under new and changed conditions
of life, recommence its course of variability, and might again
be acted on by selection. Nevertheless, as Mr. Wallace® has
recently remarked with much force and truth, there must be
both with natural and domestic productions a limit to change in
certain directions; 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 race-
horse may have reached this limit; but it already surpasses in
fleetness its own wild progenitor, and all other equine species.

Tt is not surprising, seeing the great difference between many
domestic breeds, that some few naturalists have concluded that
all are d ded from distinet aboriginal stocks, more especially
e Nl loton b becn ignored; and the/high
antiquity of man, as a breeder of animals, has only recently
become known. Most naturalists, however, freely admit that
various extremely dissimilar breeds are descended from a single
stock, although they do not know much about the art of breeding,
cannot show the connecting links, nor. say where and when the
breeds arose. Yet these same naturalists will declare, with an
air of philosophical caution, that they can never admit that one
natural species has given birth to another until they behold all
the transitional steps. But fanciers have used exactly the same
language with respect to domestic breeds ; thus an author of an
excellent treatise says he will never allow that carrier and fantail
pigeons are the d d of the wild rock-pigeon, until the
transitions have “actually been observed, and can be repeated
“whenever man chooses to set about the task.” No doubt it is
difficult to realise that slight changes added up during long
centuries can produce such results; but he who wishes to
understand the origin of domestic breeds or natural species must
overcome this difficulty.

The causes inducing and the laws governing variability have
been so lately discussed, that I need here only enumerate the
leading points. As domesticated organisms are much more

s “The Quarterly Journal of Science,’ Oct. 1867, p. 486.
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liable to slight deviations of structure and to monstrosities, than
species living under their natural conditions, and as widely-
Tanging species 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 characters derived from both parents,
nor reversion to former progenitors. Changed conditions have
an especial tendency to render the reproductive organs more
or less impotent, as shown in the chapter devoted to this sub-
Ject; and these organs consequently often fail to transmit faith-
fully the parental characters. Changed conditions also act
directly and definitely on the organisation, so that all or nearly
all the individuals of the same species thus exposed become
modified in the same manner; but why this or that part is
especially affected we can seldom or never say. In most cases,
however, of the direct action of changed conditions, independ-
ently of the indirect variability caused by the reproductive
organs being affected, indefinite modifications are the result ;in
nearly the same manner as exposure to cold or the absorption
of the same poison affects different individuals in various ways.
‘We have reason to suspect that an habitual excess of highly
nutritious food, or an excess relatively to the wear and tear of
the organisation from exercise, is a powerful exciting cause of
variability. When we see’ the symmetrical and complex out-
growths, caused by a minute atom of the poison of a gall-insect,
we may believe that slight changes in the chemical nature of
the sap or blood would lead to extraordinary modifications
of structure.

The increased use of a muscle with its various attached parts,
and the increased activity ofa gland or other organ, lead to their
increased development. ~Disuse has a contrary effect. 'With
domesticated productions organs times become rudi y
through abortion; but we have no reason to suppose that this
has ever followed from mere disuse. With natural species, on
the contrary, many organs appear to have been rendered rudi-
mentary through disuse, aided by the principle of the economy
of growth, and by the hypothetical principle discussed in the
last chapter, namely, the final destruction of the germs or gem-
mules of such useless parts. This difference may be partly
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accounted for by disuse having acted on domestic forms for
an insufficient length of time, and partly from their exemption
from any sovere strugglo 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 apparently affects, to a certain extent, our domes-
ticated productions,

We must not exaggerate the importance of the definite action
of changed conditions in modifying all the individuals of the
same species in the same manner, or of use and disuse. As
every part of the organisation is highly variable, and as varia-
tions are so easily selected, both consciously and unconsciously,
it is very diffieult to distinguish between the effects of the selec-
tion of indefinite variations, and the direct action of the con-
ditions of life. For instance, it is possible that the feet of our
water-dogs, and of the American dogs which have to travel much
over the snow, may have become partially webbed from tho
stimulus of widely extending their toes; but it is far more probable
that the webbing, like the membrane between the toes of certain
pigeons, spontaneously appeared and was afterwards increased
by the best swimmers and the best snow-travellers being pro-
served during many generations. A fancier who wished to
decrease the size of his bantams or tumbler-pigeons would never
think of starving them, but would select the smallest indi-
viduals which sp ly appeared. Quadrupeds are some-
times born destitute of hair, and hairless breeds have been
formed, but there is no reason to believe that this is caused by
a hot climate. Within the tropics heat often causes sheep to
lose their fleeces, and on the other hand wet and cold act as a
direct stimulus to the growth of hair; it is, however, possible
that these changes may merely be an exaggeration of the regular
yearly change of coat; and who will pretend to decide how far
this yearly change, or the thick fur of arctic animals, or as
I may add their white colour, is due_to the direct action of a
severe climate, and how far to the preservation of the best pro-
tected individuals during a long ion of i

Of all the laws governing variability, that of correlation is
the most important. In many cases of slight deviations of
structure ‘as - well as of grave monstrosities, we cannot even

282
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conjecture what is the nature of the bond of connexion. But
between homologous parts—between the fore and hind limbs—
between the hair, hoofs, horns, and teeth—we can see that parts
which are closely similar during their early development,
and which are exposed to similar conditions, would be liable to
be modified in the same manner. Homologous parts, from
having the same nature, are apt to blend together, and, when
many exist, to vary in number.

Although every variation is either directly or indirectly caused
by some change in the surrounding conditions, we must never
forget that the nature of the organisation which is acted on essen-
tially governs the result. Distinct organisms, when placed under
similar conditions, vary in different manners, whilst closely-allied
organisms under dissimilar conditions often vary in nearly the
same manner. We see this in the same modification frequently
reappearing at long intervals of time in the same variety, and
likewise in the several striking cases given of analogous or paral-
lel varieties. Although some of these latter cases are simply
due to reversion, others cannot thus be accounted for.

From the indirect action of changed conditions on the or-
ganisation, through the impaired state of the reproductive
organs—from the direct action of such conditions (and this will
cause the individuals of the same species either to vary in the
same manner, or di in d with slight diff
in their constitution)—from the effects of the inoreased or:de=
creased use of parta ~nnd from correlation,—the variability of
our it P is licated in an extreme
degree. The whole organisation becomes slightly plastic. Al-
though each modification must have its proper exciting cause,
and though each is subjected to law, yet we can so rarely trace
the precise relation between cause and effect, that we are tempted
to speak of variations as if they spontaneously arose. We may
even call them accidental, but this must be only in the sense
in which we say that a fragment of rock dropped from a height
owes its shape to accident.

It may be worth while briefly to consider the results of the
exposure to unnatural couditions of a large number of animals of
the same species, allowed to cross freely, with no selection of any
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kind; and afterwards to consider the results when selection is
brought into play. Let us suppose that 500 wild rock-pigeons vero
confined in their native land in an aviary, and fed in the same
manner as pigeons usually are; and that they were not allowed
to increase in number. As pigeons propagate so rapidly, 1 sup-
pose that a thousand or fifteen hundred birds would have to be
annually killed by mere chance. ~ After several generations had
been thus reared, we may feel suro that some of the young
birds would vary, and the variations would tend to be inhe-
rited; for at the present day slight deviations of structure often
occur, but, as most breeds are already well established, these
modifications are rejected as blemishes. It would be tedious
even to enumerate the multitude of points which still go on
varying or have recently voried. Many variations would occur
in correlation, as the length of the wing and tail feathers—the
sumber of the primary wing-feathers, as well as the number and
Dreadth of the ribs, in correlation with the size and form of the
body—the number of the scutelle, with the size of the feet—
the length of the tongue, with the length of the beak—tho sizo
of the nostrils and eyelids and the form of lower jaw in
correlation with the development of wattle—the nakedness of
he young with the future colour of the plumago—the sizo
of tho fost and beak, and other such points. Lastly, as our
birds are supposed to be confined in an aviary, they would use
their wings and legs but little, and certain parts of the ske-
leton, such as the sternum and scapule and the feet, would in
consequence become slightly reduced in size.

As in our assumed case many birds have to be indiscrimi-
nately Killed every year, tho chances are against any new
Variety surviving long enough to breed. And as the variations
which arise are of an extremely diversified nature, the chances
are very great against two birds pairing which have varied in
the same manner ; nevertheless, a varying Dbird even when not
thus paired would occasionally transmit its character to its young 3
and these would not only be exposed to the same conditions which
first caused the variation in question to appear, but would in addi-
tion inherit from their one modified parent a tendency again to
vary in the same manner. So that, if the conditions decidedly
tended to induce some particular variation, all the birds might
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in the course of time become similarly modified. But a far
commoner result would be, that one bird would vary in one
way and another bird in another way ; one would be born with
a little longer beak, and another with a shorter beak ; one would
gain some black feathers, another some white or red feathers,
And as these birds would be continually intercrossing, the final
result would be a body of individuals differing from each other
slightly in many ways, yet far more than did the original rock.
pigeons. But there would not be the least_tendency to the
formation of distinct breeds.

If two separate lots of Ppigeons were to be treated in the
manner just described, one in England and the other in a
tropical country, the two lots being supplied with different food,
would they, after many generations had passed, differ? When,
wo reflect on the cases given in the twenty-third chapter, and
on such facts as the difference in former times betweon the
breeds of cattle, sheep, &, in almost every district of Europe,
we are strongly inclined to admit that the two lots would be
differently modified through the influence of climato and food,
But the evidence on the definite action of changed condi-
tions is in most cases insufficient ; and, with Tespect to pigeons,
T have had the ity o ining a large collection of
domesticated birds, sent to me by Sir W. Elliot from India,
and they varied in a remarkably similar manner with ous
European birds,

If two distinct breeds were to be confined together in equal
numbers, there is reason to suspect that they would to a certain
extent prefer pairing with their own kind; but they would like-
wise intercross, From the greater vigour and fortility of tho
crossed offspring, the whole body would by this means become
interblended sooner than would otherwise have occurred, From
certain breeds being prepotent over others, it does mot 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 the state of the aboriginal
rock-pigeon. In the course of time they would probably be
not much more heterogencous in character than in our first
case, when birds of the same breed were confined together.
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I have just said that the crossed offspring would gain in
vigour and fertility. From the facts given in the seventeenth
chapter there can be no doubt of this; and there can be
little doubt, though the evidence on this head is not so easily
acquired, that long-continued close interbreeding leads to evil
results.  With hermaphrodites of all kinds, if the sexual ele-
ments of the same individual habitually acted on each other,
the closest possible interbreeding would be perpetual. There-
fore we should bear in mind that with all hermaphrodite
animals, as far as I can learn, their structure permits and
frequencly necessitates a cross with o distinet individual.  With

dite plants we i ly meet with elaborate and
perfect contrivances for this same end. It is no exaggeration
to assert that, if the use of the talons and tusks of a carnivorous
animal, or the use of the viscid threads of a spider’s web, or of
the plumes and hooks on a seed may be safely inferred from
their structure, we may with equal safety infer that many flowers
are constructed for the express purpose of ensuring a cross with
a distinct plant. From these various considerations, the con-
clusion arrived at in the chapter just referred to—namely, that
great good of some kind is derived from the sexual concourse of
distinet individuals—must be admitted.

To return to our illustration: we have hitherto assumed that
the birds were kept down to the same number by indiscriminate
slanghter; but if the least choice be permitted in their preser-
vation and slaughter, the whole result will be changed. Should
the owner observe any slight variation in one of his birds,
and wish to obtain a breed thus characterised, he would succeed
in a surprisingly short time by carefully selecting and pairing
the young. As any part which has once varied genemlly goes
on varying in the same direction, it is easy, by continually pre-
sorving the most strongly marked individuals, to increase the
amount of difference up to a high, predetermined standard
of excellence. This is methodical selection.

1f 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 doult
that he would thus in the course of time sensibly modify his
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stock. Tt is improbable, if two men were to keep pigeons
and act in this manner, that they would prefer exactly the
same characters; they would, as we know, often prefer directly
opposite characters, and the two lots would ultimately come
to differ. This has actually occurred with strains or families
of cattle, sheep, and pigeons, which have been long kept and
carefully attended to by different breeders without any wish
on their part to form new and distinet sub-breeds. This uncon-
scious kind of selection will more especially come into action
with animals which are highly serviceable to man ; for every one
tries to get the best dog, horse, cow, or sheep, and these animals
will transmit more or less surely their good qualities to their
offspring.  Hardly any one is so careless as to breed from his
worst animals. Even savages, when compelled from extreme
want to kill some of their animals, would destroy the worst and
preserve the best. 'With animals kept for use and not for mere
amusement, different fashions prevail in different districts,
leading to the preservation, and consequently to the transmis-
sion, of all sorts of trifling peculiarities of character. The same
process will have been pursued with our fruit-trees and vege-
tables, for the best will always have been the most largely cul-
tivated, and will occasionally have yielded seedlings better than
their parents.

The different strains, just alluded to, which have been raised
by different breeders without any wish for such a result, and the
unintentional modification of foreign breeds in their new homes,
both afford excellent evidence of the power of unconscious
selection. This form of selection has probably led to far more
important results than methodical selection, and is likewise more
important under a theoretical point of view from closely resem-
bling natural selection. For during this process the best or most
valued individuals are not separated and prevented crossing
with others of the same. breed, but are simply preferred and
preserved; but this inevitably leads during a long succession
of generations to their increase in number and to their gradual
improvement; so that finally they prevail to the exclusion of
the old parent-form.

With our domesticated animals natural selection checks
the production of races with any injurious deviation ot struc-
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ture. In the case of animals kept by savages and semi-civilised
people, which have to provide largely for their own wants under
difforent circumstances, natural selection will probably play a
more important part. Hence such animals often closely re-
semble natural species.

As there is no limit to man’s desire to possess animals and
plants more and more useful in any respect, and as the fancier
always wishes, from fashion running into extremes, to produco
each character more and more strongly pronounced, there is a
constant tendency in every breed, through the prolonged action
of thodical and i lection, 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 Oharacter.  As improved sub-varieties and races are slowly
formod, the older and less improved breeds are neglected and
decrease in number. When few individuals of any breed exist
Wwithin the samo locality, close interbreeding, by lessening their
vigour and fortlity, aids in their final extinction. Thus tho
intermediate links are lost, and breeds which have already
diverged gain Distinctness of Character.

Tn the chapters on the Pigeon, it was proved by historical
dotails and by the existence of connecting sub-varieties in distant
lands that several breeds have steadily diverged in character,
and that many old and intermediate sub-breeds have become
extinet. Other cases could be adduced of the extinction of do-
mestic breeds, as of the Irish wolf-dog, the old English hound,
and of two breeds in France, one of which was formerly highly
valued* Mr. Pickering remarks® that the sheep figured on
« the most ancient Egyptian monuments is unknown at the pre-
« gent 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 tho ancient inhabitants of Burope during the neolithie period.
Tn Peru, Von Tschudi ® found in certain tombs, apparently prior
to the dynasty of the Incas, two Kkinds of maize not now known
in the country. With our flowers and culinary vegetables,

4 . Rufs de Lavison, in ¢ Bull. Soc. Tmp. &’Acclimat.,’ Dec. 1862, p. 1009,
5 *Bacos of Man, 1850, p. 315, © ¢ Travels in Peru,’ Eng. translat, p. 177.
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the production of new varieties and their extinction has in-
cessantly recurred. At the present time improved breeds some-
times displace at an extraordinarily rapid rate older breeds;
as has recently occurred throughout England with pigs. The
Long-horn cattle in their native home were “suddenly swept
“ away as if by some d il " by the introducti
of Short-horns.”

‘What grand results have followed from the long-continued
action of methodical and unconscious selection, checked and
regulated to a certain extent by natural selection, is seen on
every side of us. Compare the many animals and plants which
are displayed at our exhibitions with their parent-forms when
these are known, or consult old historical records with respect
to their former state. Almost all our domesticated animals
have given rise to numerous and distinct races, excepting those
which cannot be easily subjected to selection—such as cats, the
cochineal insect, and the hive-bee,—and excepting those animals
which are not much valued. In accordance with what we know
of the process of selection, the formation of our many races has
been slow and gradual. The man who first observed and pre-
served a pigeon with its cesophagus 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 the
pouter, carrier, and fantail-pigeon. Man can create not only
anomalous breeds, but others with their whole structure ad-
mirably co-ordinated for certain purposes, such as the race-horse
and dray-horse, or the greyhound. Tt is by no means necessary
that each small change of structure throughout the body, leading
towards excellence, should simultaneously arise and be selected.
Although man seldom attends to differences in organs which
are important under a physiological point of view, yet he has
s0 profoundly modified some breeds, that assuredly, if found wild,
they would be ranked under distinct genera.

The best proof of what selection has effected is perhaps
afforded by the fact that whatever part or quality in any
animal, and more especially in any plant, is most valued by
man, that part or quality differs most in the several races.
This result is well seen by comparing the amount of diffe

7 Yountt on Cattle, 1834, p 200 : on Pigs, aee * Gard. Chronicle,' 1854, p. 410,
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batween the fruits produced by the varieties of the same fruit-
tree, between the flowers of the varieties in our flower-garden,
between the seeds, Toots, or leaves of our culinary and agricul-
tural plants, in comparison with the other and not valued parts
of the same plants. Striking evidence of a different kind is
afforded by the fact ascertained by Oswald Heer,? namely, that
the seeds of a large number of plants,—wheat, barley, oats, peas,
beans, lentils, poppies,—cultivated for their seed by the ancient
Take-inhabitants of Switzerland, were all smaller than the seeds
of our existing varicties, Ritimeyer has shown that the sheep
and cattle which were kept by the earlier Lake-inhabitants were
likewise smaller than our present breeds. In the middens of
Denmark, the earliest dog of which the remains have been
found was the weakest; this was succeeded during the Bronzo
age by a stronger kind, and this again during the Iron age by
one still stronger. The sheep of Denmark during the Bronze
period had extraordinarily slender limbs, and the horse was
smaller than our present animal? No doubt in these cases the
new and larger breeds were generally introduced from foreign
lands by the immigration of new hordes of men. But it is not
probable that each larger breed, which in the course of time
supplanted a previous and smaller breed, was the descendant
of a distinet and larger species; it is far more probable that
the domestic races of our various animals were gradually im-
proved in different parts of the great Europmo-Asiatic conti-
nent, and thence spread to othet countries. This fact of the
gradual increase in size of our domestic animals is all the more
striking as certain wild or half-wild animals, such as red-deer,
aurochs, park-cattle, and boars, have within nearly the same
period decreased in size.

The conditions favourable to selection by man are,—the
closest attention being paid to every character,—long-continued
P —facility in hing 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

s Die Pllanzen der Pfahlbauten, Mars 1860, p. 298.
1835, 1 Riitimeyer, * Die Fauna der Pfahl-
3 Motlot, ¢ Soz. Vaud. des Scien. Nat  bauten,” 1861, . 30.
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greater chance of the occurrence of well-marked deviations of
structure. Length of time is all-important; for as each cha-
racter, in order to become strongly pronounced, has to be
augmented by the selection of successive variations of the same
nature, this can only be effected during a long series of gene-
rations. Length of time will, also, allow any new feature to
become fixed by the continued rejection of those individuals
which revert or vary, and the preservation of those which inherit
the new character. Hence, although some few animals: have
varied rapidly in certain respects under new conditions of life,
as dogs in India and sheep in the West Indies, yet all the
animals and plants which have produced strongly marked
races were domésticated at an extremely remote epoch, often
before the dawn of history. As a consequence of this, no record
has been preserved of the origin of our chief domestic breeds.
Even at the present day new strains or sub-breeds are formed
50 slowly that their first appearance passes unnoticed. A man
attends to some particular character, or merely matches his
animals with unusual care, and after a time a slight difference is
perceived by his neighbours;—the difference goes on being aug-
mented by unconscious and methodical selection, until at last a
new sub-breed is formed, receives a local name, and spreads ; but,
by this time, its history is almost forgotten. When the new
breed has spread widely, it gives rise to new strains andsub-
breeds, and the best of these succeed and spread, supplanting
other and older breeds ; and so always onwards in the march of
improvement. 9

‘When a well-marked breed has once been established, if not
supplanted by still improving sub-breeds, and if not exposed to
greatly changed conditions of life, inducing further variability
or reversion to long-lost characters, it may apparently last for
an enormous period. We may infer that thisis the case from the
high antiquity of certain races; but some caution is necessary
on this head, for the same variation may appear independently
after long intervals of time, or in distant places. We may safely
assume that this has occurred with the turnspit-dog which is
figured on the ancient Egyptian monuments, with the solid-
hoofed swine ' mentioned by Aristotle, with five-toed fowls de-

1 Godron, ¢ De 'Espbec;’ tom. i., 1859, p. 368,
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seribed by Columella, and certainly 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
Dbreeds. A great mastiff sculptured on an Assyrian tomb, 640 B.c.,
is said to be the same with the dog still imported into the same
region from Thibet. The true greyhound existed during the
Roman classical period, Coming down to a later period, 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 to the present day exactly the same character; but
this has occurred in certain cases in which improvement was
not desired, for instance in the case of the Spot or the Indian
ground-tumbler.

De Candolle® has fully discussed the antiquity of various
races of plants; he states that the black-seeded poppy was
Jknown in the time of Homer, the white-seeded sesamum by the
ancient Bgyptians, and almonds with sweet and bitter kernels
Dy the Hebrews; but it does not seem improbable that some of
these varicties my have been lost and reappeared. One variety
of barley and apparently one of wheat, both of which were cul-
tivated at an immensely remote period by the Lake-inhabitants
of Switzerland, still exist. It is said® that « specimens of a
« gmall variety of gourd which is still common in the market
« of Lima were exhumed from an ancient cemetery in Peru.” De
Candolle remarks that, in the books and drawings of the sixteenth
century, the principal races of the cabbage, turnip, and gourd
can be recognised; this might Thave been expected at so late a
period, but whether any of these plants are absolutely identical
with our present sub-varieties is not certain. It is, however,
said that the Brussels sprout, & variety which in some places
is liable to degeneration, Thas remained genuine for more than
four centuries in the district where it is believed to have
originated."*

Tn accordance with the views maintained by me in this work
and elsewhere, not only the various domestic races, but the

1 « Géographie Botan.,’ 1855, p. 989, M * Joutnal of a Horticultural Tour,”
1 Pickering, ‘ Races of Man,’ 1850, bya Deputation of the Caledonian Hist.
p. 318 Soe., 1828, p. 203,
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most distinct genera and orders within the same great class,—
for instance, whales, mice, birds, and fishes—are all the descend-
ants of one common progenitor, and we must admit that the
whole vast amount of difference between these forms of life has
primarily arisen from simple variability. To consider the sub-
ject under this point of view is enough to strike one dumb
with amazement. But our amazement ought to be lessened
when we reflect that beings, almost infinite in number, during
an almost infinite lapse of time, have often had their whole
organisation rendered in some degree plastic, and that each
slight modification of structure which was in any way benefi-
cial under excessively complex conditions of life, will have
been preserved, whilst each which was in any way mJﬂrJo\lE
will have been rigorously d d. And the I
accumulation of beneficial variations will infallibly lead to
structures as diversified, as beautifully adapted for various
purposes, and as excellently co-ordinated, as we see in the
animals and plants all 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 produc-
tion of species. I may recur to the metaphor given in a former
chapter: if an architect were to rear a noble and commodious
edifice, without the use of cut stone, by selecting from the
fragments at the base of a precipice wedge-formed stones
for his arches, elongated stones for his lintels, and flat stones for
his roof, we should admire his skill and regard him as the
paramount power. Now, the fragments of stone, though indis-
pensable to the architect, bear to the edifice built by him the
same relation which the fluctuating variations of each organic
being bear to the varied and admirable structures ultimately
acquired by its modified descendants.

Some authors have declared that natural selection explains
nothing, unless the precise cause of each slight individual dif-
ference be made clear. Now, if it were explained to a savage
utterly ignorant of the art of building, how the edifice had been
raised stone upon stone, and why wedge-formed fragments were
used for the arches, flat_stones for the roof, &e. ; and if the use
of each part and of the whole building were pointed out, it
would be unreasonable if he declared that nothing had been
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mado clear to him, because the precise cause of the shape
of each fragment could not be given. But this is a nearly
parallel caso with the objection that selection explains nothing,
Decause we know not the cause of each individual difference in
the structure of each being.

The shape of the fragments of stone at the base of our pre-
cipice may be called accidental, but this is not strictly correct;
for the shape of each depends on a long sequence of events, all
obeying natural laws; on the nature of the rock, on the lines
of deposition or cleavage, on the form of the mountain which
depends on its upheaval and subsequent denudation, and lastly
on the storm or earthquake which threw down the fragments.
But in regard to the use to which the fragments may be put,
their shape may be strictly said to be accidental. And hero
we are led to face a great difficulty, in alluding to which T am
aware that T am travelling beyond my proper province. An
omniscient Creator must have foreseen every consequence which
rosults 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 fragments of rock
chould assume certain shapes so that the builder might erect
his edifice? If the various laws which have- determined the
shape of each fragment were not predetermined for the builder’s
sake, can it with any greater probability be maintained that
He specially ordained for the sake of the breeder each of the
inmumerable variations in our domestic animals and plants;—
many of these variations being of o service to man, and not
Deneficial, far more often injurious, to the creatures themselves?
Did He ordain that the crop and tail-feathers of the pigeon
should vary in order that the fancier might make his grotesque
pouter and fantail breeds ? Did He cause the frame and mental
qualities of the dog to vary in order that a breed might be
formed of indomitable 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 pri-
meval dog were intentionally guided in order that the grey-
hound, for instance, that perfect image of symmetry and
Vigour, might be formed,—no shadow of reason can be assigned
for the belief that variations, alike in nature and the result
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of the same general laws, which have been the groundwork
through natural selection of the formation of the most per-
fectly adapted animals in- the world, man included, were inten-
tionally and specially guided. However much we may wish
it, we can hardly follow Professor Asa Gray in his belief < that
“ variation has been led along certain beneficial lines,” like a
stream “along definite and useful lines of irrigation.” If we
assume that cach particular variation was from the beginning
of all time preordained, the plasticity of isation, which
leads to many injurious deviations of structure, as well as that
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 omnipotent and omni-
scient Creator ordains everything and foresees everything.
Thus we are brought face to face with a difficulty as insoluble
as is that of free will and predestination.
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weeping ash by seed, it. 19 on the cul-
tivation of the tree peony in China, ii.
205,

Asprssoy, Mr., on the Damara, Bechu-
ann, and Namaqua cattle, . 88 on the
cows o tho Damaras i, 500; selecion

e Damaras and Nama-

quas, ii. o 7; on tho ush of graseods
3nd 1o zoots of zoeds as food in South
Africa, . 309.
Anemone coronaria, doubled by selcetion,

Axara ,mmm  horeditary, coouning et
a corl

Py cattle i3 80,

‘Anaoa sheep, i

‘Axcona, change in hair of animals at,
278; cats of, i. 43, 47; rubbits of,
106, 120.

Axnuis, domestication of, felitatod by
foarlesmess of man, i 20; refusal of
wild, o breed in ('l\pt\\nly, i

i 220.

Axsva plants, rarity of bud-variation
in, i. 408.

Awmmm in the osteology of the horse,

Awonatous breodsof pigs,i. 75 of cattle,
i 89.

Anier alifrons, chartetorsof reproduced
in domestic ecs

Anser agyptiacus ; il 68,

“Auser canadensis,

Anger eygoides, i. 237.
Anser fenu the origis
ook, . 287 ferllity of croms of with
lomestic goose, i. 288.
Axgos, an foal owls in tho Ledrones, &

1 of the domestic

2o between growth and ropro-
duetion, ii.

Authems oty variation in flowers
of, i. 879; becomes single in poor soil,
i 167.

AxmEn apparent. independenco
o, in alge, 1. 95

Azn-um(s, Lonlulx—wﬁl\w of, iiM165-166.

of, 1. 46; changed flecee of

Vur tion lu
ndividual mogmuon of,

Avra, m\thxopommphuus, ..
PHIDES, g poar- um,

, . 392; w
cundation of, i, 401 ; St. Vﬁlery,l 'so1;
ii. 166; reversion in seedlings of,
31; crossing of varieties of,
growth of the, in. Ceylrm, .277 w“m
tin, not attacked i.231;
bads of attacked by bul bullﬂuchcu,
Ancrioan, chango
grown in England, ii, 27
', i. 844345 glands on the leaves
. 5313 analogous varistion in the,

Aqutlu Jusea, copulating in captivity, ii

Aqm gia wlgaris, i. 863 ii. 330,
Almu boarhound, described by Hnwo\u-t

Aschit’ Yegharopylls and 4. Soper,
crosing,
Aralia tnfolmw“ bud-varintion in leaves

ARM:cuuAs, o, vasiaklo Tesistanco
of, to frost, ii. 309,

Anciukxamt, pigeon,

‘Axerio regions, vriabilty of plants and
shells of

Aria vestita, grafted on thorns, i. 387,

Awssropuaxss, fowls mentioned b

Aswmorug, an mlidhooted pigs; 1 75

stic duck unknown to, i.
tho assumption of malo characlers by
old hens, i, 51.




ARNT.

INDEX.

435

Anx, domestication of he, 1. 82.
‘Annssr of development, ii. 315-318.
(TERTES, rease of nummomg
branciiceof, when ted,
A slands, vild . 7.
s, Polynesian B
“dscarts, mimber of s o, .57
Asu, varieties of the, woeping,
361; simple-leaved, i. iy
tion i .5 mccs of gmﬂ. upontia
stock 3 the
'hlo(clmd iy P

cupnu(ms roproduction of, by seed,

. 256,

i, 19,
Asinus Burchell
Asinus hemionus,
Asinns indicus,
Asinus quagga, i.
Asinus taniopus,
the domestic ass, i.
AsPARAGUS, ety femhly of culti-
vated, ii. 113.
As, carly domestioation of the, & €2;
reeds of, ibid. ; small size of, i
ids siripon of, 1 62- 0B
ks of g eroe wator,
47; hybnd o they with
nnm nnd za,bm, ii. 42; prepotency of
the, over the horse, ii. 67-68; crossed
i 208 vacision und
236.

41 ; tho original of

AssyRiAY sc\\lpmm ‘of o mastiff 1. 17.

Asrezs, ii. 20, 81

Astl, hm.hmry, 8,79,

Aravis Reversion.

‘AmhsteTan, his care of hon 203.

Ammov, Mr., on the sh‘nhly of the
‘sllcmoth in confinement, ii.

i

AUBERGINE, ii.
Aupuno, on sl hybrid ducks, i

ii. 46; on the dom.mmmn of
ducks onthe Missis&ippl 8; on the
wild cock turke; domestic

502 fortility of Fringilla ciria
ty, ii. 154; fertility of Columba
atoria_wd Izwurq;)»uln, in cap-
ii. 155 ing of Auser cand-
Gans i captivity, . 1
Aupusos and achmar, on the change
coat, in Ovis moutana ste-
r ity of Sciurus cinerea in’ confinement,

Avnicuea, effect of seasonsl conditions
on the, i, 278; blooming of, ii. 34

AtsTRatia, no generally usoful plants
derived from, 3. 810; usefal plants of,
enumeratod by ‘Hooker, i.

Avstrua, heredify of character in e~

. i persisieney of aloir in
21

| Ava, horses of, i. 53.

Avena. fatua, cultivability of, i. as.

Aveey Akbery, pigeons mentions
e 1160, 155, 185, 205, 07, ey

v, W,

, on_ bud-variation in pelar-
s,

Al indioa, bud-variation in, i

‘Azana, on the feral dogs of La Pmm,; 77
on the erossing of domestic with wild
cats in Paraguay, i, 45; on homlike
processs i horscs, § 50; on_curled
bair in horses, i i, 205, 825;
oo g ool ot fukt e, 5.0, 61
i 259; on the cattle of Paraguay and
La Plntu, i. 82, 86, 89; ii. 2:19 on a
lornless hull, il 205; on 1
of cattle in South Am
the growth of horns in thc hornless
cattle of Corriente
- Nmm S mml»

e Tols in. South America, 1.
258 ii. 200; on a variety of maize, i,
821,

Banmvorox, G, 0., on.the arlgin of the
plum, i 815; Dritsh
gemusTtosa
it tdon au trissior, i 50
Bacmuaxy, Mr., on the turkey,
See also Andu\nm
, breeding in confioomen, .

n_the effect of mmmn on
. 198; on Dorking fowls,

B\u 1, §, on the origin of tho Lurkcy, A

an, M,
115
by ..el,lm
wd VIIT, f
M
mbumn, chango n B sheep effected
by, i
raNcemNT, . 342-344; of growth,
D 78,
BavoneAD, pigeon, i
BALDNESs, in man, mhented 7878
with deficiency in teeth, ii. 3:
Barraxce, Mr,, on the effeots g
Dreeding on’ fowls, ii. 125; on varia-
tion in the eggs of fowls, 1. 24
Balloia nigrs, ransmission of variegated
Teaves in,
Basnoo, vorieties of the i
BAxANA, variation of the, i. 872
238 bud-variation in the, 1. 3773 =l
lity of the, ii.
Baxea fowls,
of, ii. 96; sterl i.
m(rwm), 114 m 210; i, 227;
2F 2

 ou herdily n tho horse, L
egencration of the horse
orders of Henrys

cm dostruction of

236,

zso Sabright, origin
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figuro of, . 145, igurs of lower juw f,
164,

Bakus, of wheat, 1, 314.

Barserzy, dark or red-leaved fariety, i.
362; il. 19; reversion in suckers of
dicsg varity, 1.

Bansur, J., on the dogs of Guinen, i, 253
on the domestic pigeons. in Guine, 1.
wls not native in Guine, i. 237.

o, neqms\tmn of the habit of, by

rious dogs, 1.

Baney, wild, 1. 313

]\||wx§, i. 817-318
429

of the lake-dwel-
ancient, varicty of,

-, production of early peas by

mlectmn ii. 201.

., M., on the intererossing of straw-

51; dicciousness of the

llnub,l)ms ilrmvl}cn i 853 on ﬂle
scarlet American strawberry,

Baur, Dr, o of gruse s gt
Central Afy

eessgts o origin of “ Hi-
malaren * bl iy intererossing, 1.
109 its of Port

fe
@ youno kel
‘peacock, i. 290 ; on the breeding of the
Felide in captivity, ii. 150,

Bawrnayw, on the biack wolflog of Flo-

i. 22,
Bamss, H. W., refusal of wild animals to
brocd in wptxvlty,u. 150, 152; sterility
erican_monkeys  in upmny.
i, 153;  terility of tamed guans,

G e e gl

15.

B, mised, i P, conaining heads
of maize,

FRT iyl fowls, i. 238 in-
C iSsnes of, i pigeons,
160; correlation of, with the feet in

pigeons, i. 171-174
BaL, Lionel, on uw cnn(&nts of cells,

expe idney, i. 3303
e mmntm\u stipules and abortive
Jeaflef ~l

nrum, pm.m i)

ams, breeding in captivity, ii. 151,
AsLEY, J., reversion in crossed cattle,
i, 41,

Bmwon, D, effect of soil upon strawber-

853; on varieties of pelargo-

364, ii. 274, 311; bud-varia-

uon in Ghdmlvn ealuﬂln, i, 382; cross

and_cabbage, ii,

93 hyhnd gludmlu., i 189 ; constant
w forms among secd-

285 on the doubling of the
eompos\tm,| axs

Beonuaxa cattle, i.

Beck, Mr, P
pelnlgomums, i. 364,

Brckia? changes in the odours of
‘plants, & 374,

Bicusrery, on the burrowing of wolves,
i.27; “Spitz” dog, i. 81; origin of
the Newfoundland dog, i. 42; crossing
of domestio and wild swine, i
the Jacobin pigeon, i. 154, 201
of swallow-pigeons, 1. 196
tailed pigeon, 1. 157; variations in the
colour of the’croup ‘i pigeons, . 184

m the German dove-cot pigeon, i, 185
Rotility of mongrel pigeons, i. 192; on
hybrid turtle-doves, 1. 193; on crossing
the pigeon with Columba wnas, C. pa-
Tumbus, Turtur risoria, and T. vulgaris,

i. 193 development of spurs in the

sillchen, i. 236; on Polish fowls, i.

257, 264; on crested birds, i. 257; on

the Canary-bird, i 295, ii. 22, 161;

breods of sheep ii.s\) hyhxu]uuf tho
horse and a: o
Toon fowla, i, 90 difoulty of Pmm.»
dove-cot amd faney pigeons, ii, 10:
Sentility of tame forrts and eblits i,
1132 fertlity of wild sow, ibid.; dific
47 of breading caged Dirds,
comparative fertility “of Psittacus. eri-
cus in captivity, ii. 155; on changes
of plumage in captivity, ii. 138; lin-
Dility of light-coloured cattle to the
attacks of flics, ii. 229; want of exer-
cise a causo of varinbility, il. 257; effect
of privation of light upon the plumago
of birds, ii. 280; on a sub-variety of
the monky pigean, . 830,
Bapor, Dr, cordlation, of complexion
‘with consumption,
Bepeauas gall, ii. 284,
persistency of character of, ii. 236,
5t intercrossin, . 126, conveyuncs
of pollen of
Ba-Orus, el (slhhmllon ofyii. 91.
Bercs, darklea 2, i, 19 fern-
cavod, roversion’ of, 1. 383 weoping,
o pmmcc fhy sced, i
Brponky, oochoo Tslinds, i. 53.
it ot of sugar in, by
selection, i, 201,




BEGONTA.
Degonia frigida, sipgular varity of,
365 ; sterlity o, i, 160

Br_usun rabbit, i.
5 aumment nm white eattle
lu,ve coln\n'ed cars, i.
Bru, W, bmi variation in Cistus tri-
ouspls,
Bxu.u(um obae:vatmnu on_gestation in
the dog, i n the fertility of dogs

Brxox, on high-flying pigeons in Paphla-
gonia, £ 2003 varicties of the goose, i.
589,

Beauera, eattle of, i
Bawxerr, Dr. G., pigﬂ “of_the Pacific
islands, i. 70, § of the Pacific
i 9T vanehm of cultivated

plants in Tahiti
B, Mr, on e ow dmr. i, 108

"umber and origin of cul-
ivatod plupts, 1 305 e
tivated varicties, i cies of the

orange group, i ss,a-ssn , disinctons
of almond and peach, i. 338;

1yecles of Rosa, i.
ol lm xmd _ln‘calor

Berl 19,
Berberis WaIIwIM, ndiference of to cli-

mate, ii. 164.

‘Benrax, on the history of the dog, 1. 16,
Bemeiey, G. F., production of hen-
cocks in a stai of gunc-fowls, £ 255,
m.mm,m I, cesing f varicties of
aiomot of fuxelgn pnllm

on m kidney-beans, . 27::,
ftaro of Indian wheat in England, ii
307; bud developed on the petal of &
Clarlia, i, 384

Beaw, inberitanco of disease in the

Brar, c, dependence of the organs
o the body, i 365360 special uil
nities of the tissues, ii. 3

P R pmm with Inci-
niated leaves, %

Bernicla antaretica, i. 288,

Bwrno, on ol pigeons in Juan Fer-

nanded

Betula

e 0 Tt wid cattle, . 84

Buswe, r»fuxncu to breeding studs of
es in, i

45 references to domestic
. 205; indications of

pigeons in 0
01 ; notice

Seleetion of sheep in the,
of mules in the, i, 202.
Bipwri, M, on sel-impoienco in Ama-

ryllis, ii. 139.
Buics, weeping, i. 387, il 18
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BLYTH.

| Bmux, Dr. 8., on the ancient dnmelmca-

tion of the pigeon in Egypt, i.
tico of bantam fovls in o Topaneso
encycloprdia, i. 230, 2

B, Wyrley, on e -grey Tabbits, i,

caneed.in, by change of

mmmu.z, origin_and history of the
dog, i. 15-16 ; variations in the number
of mcch in dogs,x 84; variations in the
number of toes in aogs,| 85; on mum-

‘mics of cats, i @ osteolozy of

solid-hoofed plgs, T on feral Pata-

goni American pigs, i. 7.
“Buass . 156,

Buevis, hereditar
limitation of excessive,

Busxvia of crossed races, iy
Dy the, ii.

Buvpyess, hercditary, ii. 9; ot a certain

i, 78; associated with colour of

D, i, 528

Broovhorsrs, degeneration of, caused by
interbredic, I, 12

cH, on the pmm‘m

sLull in_ Polish fowls,

tnucl, of a crool
badger-dogs and_other
dog, ii. 220 ; on Hydra,
“nisus formativus,” i, 2
Buyru, E., on the Pariah xloq,
brids of dog and jackal,
domestication of cats in Cuiin, 4 40
origin of domestic cat b, erossing of
omestic and wild cafs, . 44; on Indian
cats resembling Felis clmus, i.45; on
striped Burmeso pout ]
stripes of the ass, i m wild
pigs, i. 66 5 on hnmped cnme,l 79,80;
Swirrence of Bos frontosus in_lrish
mmmgm,] 81; fertile crossing of
Zobus and common_catle, 3. 887 on
the species of sheep, . 94 ; fon the fat-

tailed Indian sheop, - 96; tho
goat, i. 101 bbli! hm ng in
i, 3, 112 munber enthers

16 T pir e
geons arber of tail-fathers
mbdnpulea . 169; on Columba ujmvl,l.

fing in m i,

i ot eue i Digeons,

17184185, 197; voluntary domstica
tion of rock-pigeons in India, i. 18
foral pigeons on the Hudson, i.190;
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ocenrrenco of sub-species of pigenns, i.
204; notice of pigeon-fanciers in Delhi,
&e.,i. 206 ; hybrids of Gallus Sonneratii

e tn Bl cattle, i. 85,
Bormaxp and Corbi, on the breeds of pi-
geons, 1. 182; Lille pouter pigeon, i.
158; notics of a gliding pigeon, . 150
g

ity of hy-
93 reversion
197, 5 40; on

; on tho trum-
peter " prepotency of fransimis-
B ta el B  secon-

dary sexual characters in’ pigeons, ii,

74; crossing of white and coloured

tartle-doves, ii. 92; fertility of pigcons,
ii. 112

Bowsvama loss fomals o, . 209.

Bombys hc:pem-!‘ i,

Bombyx Hul

Bombyz mor

Boxarous, on maize, i. 320, 521,

Boxieauts, nimber-f toasia of Oolea:
bidas, i. 158; number of tail-eaihers
in_pigoons, i, 158; f the feet in
Columbide, i 174 on Golumbe guftass
5,182 Colunis turricola, rupestris,and

84

e

Sehim p

Bouatea spuma, development of ovary
of,

Boxavia, Dr., growth of cauliflowers in
India, ii. 310.

Boxws, removal of ortions of, i 206
Tege i growth and
Tepair of, i. 381,

Boxxer, on the salamander, i
858,385 ; theory of reproduction, i,

Boucmm:n, ‘xp«.mncms mm thie sceds
Of the weeping ash, ii.

INDEX.

BRATN.

Bonecoue, i.

Bimes mbolin fowls, .

Bonxo, fowls of, with tail- baud.s i. 235,
s !

oioeus, .75, Bk
Bos indicus, 1. 79.

Tos longifrons, i. 79, 81.

Bos primigeni 70 81,119,

hoceros, .
Bo.w, lmredny in ll)llnge -varietics of the
362,

Bosslc, pmluclmn of doublo flowers from
old ‘sced, i

Bosst, on bmedmg dark-coloured  silk-
worms, i, 302.

Bovomarpat, on the vine disease, i. 331,

Bouwiy, on Toeal discascs, §i. 276 ; resis-
tanco to cold of darkcomplexioned
men, . 385,

“Bovras,” i

“Bah‘mwdAlcp ii. 276,

Bowex; Prof, doubmax to the importance
of inher; i, 3,
WA, Mr., hsxe\‘lim.ry uliaritics in
the human oo i & hereditary
wlurm.,

Bra (ngarian entle, 1. 0.

Bmchymme ot ifolia, ii. 261

Bracrs, m\usuzl levelopment of, in goose-
berrics, i. 355

Buance, Mz, effect of gxnm upon the
stock 'in the ash; i ot
forelgn. pollen oo I\pples
change of soil, ii,

“Bramia reums;‘a néw breed of fowls,
i 245,

B, proportion o in hares aud ublits,

warm of the goat, . 101.

Brassics vasiotics of, i enlarged stems,
i, 348,

Brassica aeperifidia i. 349,

Brassica napus,

Brasiea olerace

Brassica rapa, i.

5.

5, ii. 16!
Bkt Ao et . o vine, 1.
875, in fhe eurrant, . 576

in Mirabilis

troes, i, 852; spontaneous production
of Cytisus purpureo-clongatus, i. 390
reversion of flowers by stripes and
blofches, ii. 37; excess of nourishment
a source of variability, ii. 237,




BRAZIL.

D, catle of, 1. 88,
Buzav- tics of, i, 236 sterility
and variability of, ii. 262.

e, W. lml-vn.mmnn in Geranium
atense and Centaur: i 879;
y tubers in the dabiin, 585 on tho

denfhcss of whilo cals ts with blue eyes,

Bﬁmmu, high, dependent on inheri-
tance, ii
Busvs, r]omishc, persistency of, ii. 246,
and patural, i
425

n of,

547 of pis pyu-
due ; of cattle, i
86-87, 91-98 ; of goats, i. 101.
Bmm, on Coluba amale, . 183,

P., ‘mammo in rab-
itn 106 abita of the tumbler pi-
goon, 1. 151 ; Laugher pigeon, 1. 1655
Colotring of the kito tumble
rossing of tho pigeon ‘with Columba

3; mongrels of the trampeter
ee, close interbreeding of

Hieens, i. 1267

Fondte’ fowle, 1, 247; 0 stripes in
i 550; on the combs of
A iounlespumed. Dorking

effect of crossing on colour

Tncubatory

instinet of mongre
Varietios of fowls, ii. 44; orig

e duck, 3. 277; fertiity of tho
Took-billed duck, bid.; oceurrence of
tho plumage of the wild duck in do-
mostio breod, . 250 voieo of ducks,
i. 281; ocer
‘mandible in (ron!cs of
common_ducks, i. m‘ reversion- in

fashion in the canar,
of canary and finche,
Dt on ising neotarines _from
sced, i, 340; on the Lorses of North

i,
., on tho dogs of Tierra del

INDEX.
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BUD-VARIATION.

BroyEHEAD, W

plu el
MFIELD,

e u.,

Bromus secalin ey

Brosy, H. G., ad-variation in Authenis
1,879 effects of cross n the
female, 1. 404; on Rerodity in a one-
homed cow,1i. 12, 135 propagution of o
pendulous peach by seed, .18l
tion of the minoriy in erossed e i
8 on the crossing of horses, ii. 92
fertility of tame rabbits and o
1123 changes of plumage,in captivity,
i, 158; on the dablia, i 261.

Buoxz period, dog of,
ROWY, \m.l‘mtwm i tho dentition of

of the Gt
scll:cmun,
steility o thastrgrad

Buor Al!n, , Dr., inheritance of arf
clally-produccd epilepsy in the guine

Brunswigia, i. 18

Brussers Sprou

Broguax, T, on oysers, |
bor of ga n o codfeh, i. 379
e oubts 08 o tho mpmaum

. 3L

rious fo white pigs, when
7.

s analogy of, 1. 411

Bups, udvumtmus, 384,
Bup-vantatios, i. 87411, ii. 254, 287-
288, 291; contrasted with scmmnl Te-
production, 1. 573 poculiar to plants i
874 in plt

Fuego, he selection of dogs
by the n e 207.

Buine . K tion of ab-
o)

Buccs, I me m« on of portions of

Biocs, P, on the i o doy
I on Lybrids of hare
on the rumpless (o“l, i
o 0 character (vf half-castes,
egree of fo
Hi sterility of doscendants of wild
anitals bred in captivity,
Brocoow, i, 323 ; rudimentary flowars in,
i, 816} fenderness of, ii. 810

52,

in roses, i. 367, 879-381; in il
iamsy “earmtions, pinks, stocks, and

niragons, i, 581 ; in wall-flowers, cy-
@notlera. biennis, Gladiolu
uu}mns and Mirabilis jal

1Y tubers in tho po bid.L in

dalili, i. 385; by Rt hyacinthe,
Imulophyﬂ'um iinialum, and tulips, .
i Tigridia conchiflora, i. 386 in
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Carrne fowls, 1. 230,
Cuarrnes, Llnferent okinds of catllo pos-

sessed Iy
“ cmm," a breed Dfsheep, i. 95,
CALoROLARIAS, 47 ; effects of

sensonal co ditons o, . 374, pelorts

11; impmvemcm ‘of plants hy
unconscious n, ii. 216; theory of
reproducton, i 375.

D, i
Do, sppale influence of, on offspring,

s in,
“ GAm)vaas, a Columbian breed of cattle,

G Mr, on a seedling peach pro-
ducia bof th penchos and nectarings, 1.

CALYx.xsegments of the, converted into
cum, ifs dislike to crossing water, 1.

. 845
Bortnoa, revent modifications of, i, 42,
Bursenen, breeding in captivity, ii, 154 ;
attacking flower-buds, ii. 232,
Bur, Mr., sclection of pouter pigeons, ii
197,

Camdlxm bud- d-varitions in 1,977
nition of varieties of, i, 201 ; variety |
hardiness of, i, 508

Caxerox, Dy o the culivation of Alping

“ BoNvrNEnsomyELy,” i. 67. i
BUNTING, reed, in captivity, i, 158.

Bumnac, erossing of domestic and wild | plants i
animals, aversion of the wild boar Oaunoxy, an vl of Englih Liood
to barley, n race-Horses,

303,
Do, O inheritance in the horse, i, | Campanla deum, 200,
CANARY-BIRD, . 295; conditions of in-
heritance in, Ji 22; hybrids o, i
period of perfect plumage in,
diminiihed fuhhty o, i 1615 st
of perfeotion in, ii. 195; analogous

valmylamn.ll 53,

Buwtan, catd of, .
Bomwese ponies, amped i. 58, 5.

Bues, ir A, on the Karakol sheep, .

. 278 \’ILH ieties of the vmu m an in, i, 34¢
i Caxcar, Leredity of i, 7, 8, 70
Scinde, i, 153 JANINE teeth, development of the, in
ducing secd, ii. 168, ‘marcs, i. 31
Bunrox Constable, Canis alppes, 5,

“ Bunzer-Tavne,”
Bussorar carricr, i.

Canis antarctious, 1. 20,
i 141
e migaris,copulation o, in captivity,

Canis argentatus, i. 151,

Canis aureus,i. 39,

Canis  cancrivorus,

m'rm.ruu, morphic, i, 399400,

Buzusous, i de, inheritance of
tricks, ii.

Capaxas, pears grafted on the quince, i

lanis Ialmm, rescmblance of, to the Hare
Indian dog, i. 22; one of the original
stocks, 1. 26,

Canis lupaster, . 25,

Canis lupus, var., nmdmtalu.rcmmblnnoe
of, to North' American dogs, i,
erossed wilh dogu 22, e ot

2

Cmucz, i. 523-896; varietios of, 1. 823;
unity of character in flowers and sceds
4 cull

ibid., ii. 90,
of, 1895 ; nareassd
foriliy of] when exliivated, Ji- 1
growth of] in- tropical countrics,

277,

Clnls mesomiadan 5,29,
Canis prims, tamed by Mr. Hodgson,

CABoor, vines of, . 833,
Cazna, on early cultivation in Brazil, i bar, i. 25.
311 Canis simenss possibla original of grey-
Caores, growth of cochineal on, in India, | hounds, i
i. 275, Canis thaleh, i,

Camm. Bos primigenius wild in Europo | Canis varisgat
in the time - 815 noticeof fowls n Oy Bell, ! doitted by selection,
Britain, i, 206 kg o the importa- 200.
tion of horses Ly the Celts, 5, 305 Cara of Good Hope, different kinds of




CAPERCATLZIE.

INDEX.

441

CATTLE,

cottlo at the, i 88 no useful plants
derived fror
Caracama

e, reeing in captivity, i

d €. Falconeri, pro-

Capra
il 101,

an

Bablo por pamnts of domastic goat, i.

Cavsico, i. 871

Canax, on @ variety of the walnut, i.
856 on grafted walnuts, ii, 259-26

Gawpoo, ii. 34
Cares rigida, local sterility of the, ii.
70.

Canute, early seleetion of sheep, fi. 204.
Canuisie, Sir A., inheritance of pecu-
Jiritic, i 6, 8o polydactylism, . 13.
“Canne ” pigeon, i
Camxaion, bud- i it 180 v
siability of, i. 870; striped, produced
by croasing red oud white, 1. 893;
et of conditions of lifo on the, ii

273,

Canxrvona, general fertility of, in cap-
h\'lL i 1.

Canovixe Archipelago, cats of, i. 47.

Caw, i
Clmrm.s, variation of, in cultivated cu-
curbitace, . 3.
CarreNTER, generation of
20t; pmduc'tmn of double xmmstv:r)s,
: number of eggs in an Ascaris,

Cur[nmu Betulus, 1. 362.
Carpophaga. toralis Nvll Tuctuosa, . 182.
Cauaiz pigoon, 1 42; English
139-141; f
63

141; Busso Bn;,mrlnttrn,
skul\ dgarod 1. 163; e Jaw figured,
cultivation of the wild carrot,
‘intermediate form between the.
nlmoml and. tho peacl . 335; gland
leaves, | i 843
in Uncvnm, 19 mfxsof oVt
on_thorns, i 887; variability of
orida of Brythrins,
LAIu‘m \nld effects of cultivat
exsion in_the,

Cummnz

ild mcrunsu] fertility
tivated, oxperiments on the, ii.
art: Shcliuatimtion of tho, in Tndiny

a hamus, abortion of the pappus in, i

Cumm, cultivation of native plants in

Canada, i. 512,

CamomiuAGE, froquency of conta-

bescence in 4

Casray, bud: ‘asiation in the moss-rose,
3805 on tho ovules and pollen of

L_/lzxul. i. 888 389 rmqn" of L/_/itsua

purpureus and G, laburiem, 5. 359 tri-

fucial. orange, . 891; dilerenly.co-
Toured flowers in' the wild Viola lutet,

i, 408; sterility of the borse-radish, ii.
17

Casmuixa, on Bruailion cattle . 88,
Oasmuamos, assumption of femalo

.73; cffects of crossi ; for-
tility of, ii. il dxﬂiculty o
34,236 lengtlh o itestines i,

i yes, deafoess

o, i 520 with tufted car:
CaThract, hemrlnnry, i, 0,75,

Carsrrnzans, offeet of changed food on,
i, 2

Cauay, G, eolour of feral horses in North
Aumerica, 1 .Sl

CarrLy, European, their probable origin
‘from. threo original e, T T0-52;
Tumped, or Zebus, i. 79-80; inter-
crossing of, i. 83, 91-93; wild, of Chil-

lingham, Hamilton, 'lmr(hy, B\llmn

ii, 205 89-91, ii.

505, zox, 32; (mm "of  food ‘snd
climate 91 effects of selection
on, 1, 943 Datixbritacko, . B;
Bomless, production of homs in, i, 29-
n cossd, i

rudimentary horn: 15; sup-
‘posed influénce of hmmcmy on the hatr



CAULIFLOWER,

INDEX.

crTRes,

§ ghite spots of, Tinblo to
supposed analogous
§s displacemen of

Mo by lhnthurned, i 426,
CAvLIFLOWER, 1. 323 in of, in
Indin, i 8- rutieninry foveea'ing

G pigeon, ii. 97.

Cavia oy

Cay (Cobus azara), sterility of, in_ con-
finement, ii. 153,

Cebus azara, ii. 153.

Cesidomyicy larval dovelopment o it 253,

60, 367 ; and Mi

i emrmpicy. ol tlas, i, s,

xY, turnip-rooted, i. 336; run wild,
i 38

CrLi-TiEoRY, i

Celosia cristata,

Crtsus, on the seleetion of seed-corn, i.

318, . 203,

Crurs, cirly cultivation of the cabbage
by fhe, . 821 selection of cutl and
horses by the, i. 3.

Cenclirus, seeds of u, i food, i. 309,

Centaurea.” eyanus, bud-variation. in, 1.
379,

370,

CrenaLOYODA, spermatophores of,
Cerasus padu, yellow-truited, 5. 19.
Cercleples, stility of, in capiiviy, i

383.

L‘eycn[uthm, breding of a spociesof, in
it

coptivity, il
Crxe. of the Neolithic

5i551;
pulod in Sm»mma, 1. 817; adapta-
ils, i

Céreus .p'«m,mmm and phyllanthus, ro-
vemmn in hybnda nf & 392,
Cervus cas

e

Cenitud, ariation o dmnu] system
and teeth in the,

Ab pl"!:on fancying

Clamarops Tumilis, crossed with date

palm, 1. 399.

Citanisso, on seeding bread-fruit, i. 168,

Cuaxes islands, breeds of cattle in, i.
B

0.
Cnariax,

ducing nectarin
Cnaruss, F. ‘pecul

pigeons, 1. 162, ii. 74; eﬂectpruduccd

by first male upon the subsequent pro-
geny of the female, i. 405 srmmy of
the union of some pigeons,
CHARACTER
51-56, 399-400 ;

te
ed divergenco
241; &nmi,oumuc, i 401
.ubundnmu of pigeons in Persia,

o,
Cl(.mmm
i. 203,

CuanLEMAGNE, orders as to the selection
of stallions, ii, 203.

8.
Cuars, reversion of the upper sceds in
the pods of stocks, ii. 347-348,
Cuariy, on Ranuneulus ficaria, ii. 170.
Cuavapy, Mr., crossed varietis of cab-

Cuan, ‘general sterility of, in captivity,
ii. 1.

Cleiranitu dleiri, 1, 382,
SMERRIES, i. 347-348; budovariation in,
i. 375 ; white Tartarian, if. 230; varicty
of, with curled petals, if. 252; period o
Yegetation of, changed by foreing, ii.

trocs, ii. 129
fferences in_ cliaracters of, i
white, lisble o gapes, ii.

Cnn nzu., on crossin,
HICK)
249 Zoﬂ

Cﬂmum
e, she(p of i 95.

LLINGHAM catile, identical with o

primigenius, . 81 claracters of, i,

c.um, half-castes of, i, 46.
Gz, ata of, with d.mnpmg cars, i, 47;
orses of, i, triped ponies of, 3.
; notice of mbbits in,

597 asses of, 1

anrucm, i 1us breeds of pigeons
reared i, 5 of fowls of, in
dttcenth ontary, i, 252, 247 goous of,

i. 287,
Cmcmu, fertility of, in captivity, ii.

Cnutuz:, sclection practised by the, ii.
204205; profernca of tho, for bom:
less ram: i Joconifion, of tho
valuo of nativo bréods 313,

CrixEsk, or Himalayan mgbtt i, 108.

“Curvos,” a breed of eattlo in Paraguay,

i. 89,

Cuoux-naves, i, 525,

Cumist, H., on the plants of the Swiss
Lake-dwellings, i. 809, 318 interme-
diate forms botween Pinus aylvestris
and montana, . 3

Cmmapsmmux,

Clirysotis festica, ii. 250,

Cuxtats, offocts of selection on the,
00,

2
Gmoassu, horses of, i 102
Crmovmcisioy, i
Cummipepes, lnl.u\guwsvs in, i, 366,
Gitus, Interming and Diybrids of, i.
336, 389,
Cistus. mmxp(l' tivasiiond in, i. 877,
Crrroxs, i
# Girws it fructu variabili,

i
o,mu decumana, i. 335,
Citrus lemonum, i. 336,




crTRUS.

Citrus mediea, i. 36
Cuerr palate, inbs of, i
Cuevexte, on wild vines in spm. i

232
c:.mmw.'rowmm, on the St. Valery

. 6
s on e of et
cmnm, A., bud-variation in the haw- Ooumm, Poter peach e ‘producing &

=
%

“ r," 1. 138, Cotonamor, in p\geons, an_evidence of
“ Craquens’ (ywmns», g nm&yﬂfdewent . 195-197.
e wild angs “of Juan de | Covovi, correlation of, in dogs,
O e ripod Burmeso and penssinco o of, in T
vancse ponies, i, 59; breeds of goats eritance and awmny nf in horses
imported into_tho Muuritius, i, 101; | 523 vorly ations of, in the
vorations i the mamine of goats, 1. | of wild or foral mme,\ b tnmsnu»—
o ol serotum of Museat goot, | sion of, in mbbits, itios
b of, in Himalayan, ot e
Cu.lm,ﬂ 3., on fision and gommation, | fluence of, if. 227-230; correlation o
in hoad and limbs, ii. 3243 correlated
CLEI:::‘E, BT, intercrossing of straw- w-mmmmuounlpemmm os, i, 335+
& s bridisation of slncks, 1 Ouwvlmdodmﬂ comrlation of, i 325,
.93. ‘hereditary, i
Cuaxsox, M. ))nzbcn.luvﬁuon of the unmmnn in men than in wom
‘oosebery, 8; ated with mbmcy e
Clmmmonriog, expli Tovatah musical sounds, i,
of natural selection, i. Couours,somlimes iy by cross

Cuiats, effect of, upon bmenlu of dogs, | in
1.87; on horses, i. 52, 53; on cattle, Uolumba uﬁm., Blyth, o varicty of C.
61, 92: ontho e ,1.08,90; | _livia i.
o soeds of wheat,i. 16 on cultivated | Columba amaliz, Brehm, a vaxioty of C.
cabbages, i. e inptation of maizo | _livia,
i, 822, ('nlmnha guinea, i. 182
Cunixieand pasture, daptation of breeds Columia gymocycls ‘Gray, o form of C.

of sheep o, | tivia i
it und soil, elects of, upon straw- | Coluda gg/mwmhlhalmnn,l\ybndsoi with
erries, i. 35 19 . maculosa, i
Guixr, M, on the skull in bomed and
hornless rams, ii. 53 Culumbu mla-malm, Strickland, a variety

Cgs, Storilify in Ranunculus fiearia, | of C.1
i. 170. Calua lo msphaln i 155.
Cuormson, ybrds of yarions trces i, 180, | Colunba leuconola,i. 182, 195.
Croven, pelorism i Columba littoralis, i
Coxrm, Mz, o mmmmm.g pigs, di. | Columba livia, i 29 50 tho paront of
domestio breeds o lgmnz,l 158 mea-
gu(ed, i. 1853

Cospet apple trees, ii. 251
Gocrx Towis, & 227, 250, 252, 260-261;
oced Al foramen of, figured, i.
section of skcull of, figured, i, 263; cer-
Vical vertebra of, figured, i. 267. Colamba migraloria o L o toweocephals,
EAL, persistence of, i nin A fertility of, in apivity,
o of, for a pmuculu s it

w figure
ng-ued, i.167.

oo cmas, i, 183 crossod with eom-
Coclearia armoraci i. 170. mon pigeon aud C. gymnophtlalmos, i.
Cock, game, m\t\lm.l scletion in,
Spur of, grafted on the comb, ii. 206 Columba palumbus, 1. 193, i. 350,
gpur o e o o tho oy of an o, | Columba rupestri, i. 182 184, 1 195.
3 ‘oifoct of castration upon the, | Columba Schimpert

5152 Columba torquatriz, i 351).
Gocic oo, varicties of the, i, 363. Columba turricola, i et
Cocoons, of silkworms, vl.nnuans in, i, | Couvamma, cattle

802303 Cowuupix, double, . 365, 1. 300,



CoLTIETS

m West Indian dogs, i, 23,
Coulrznu e shep])crd s dogs, i
é on domesto fowls, . 21, 247,

203, 420; on the keeping of
277 o the selection of  sced-cory m}
nefits of change of soil
us on the value of na-
i

Couza, .
Gins o fowls, ariations of . 268254;
sometimes rudimentary,
Gourmsarios, luw of . 47
COMPENSATION of growth,
w;.n LExIoN, conesion of ittt

Cm(mrr!:, double flowers of, i. 365, ii.
167, 316,

CoxceptioN, earlier in Alderney and
thl and cows than in other brcmis

Coxprinoxs of life, changed, effect of, i
418.419 . 5% upon va-

pxﬂeou!, i 212218 "upon

315516, s

, i, 25526
aeivs o o i Siia0s
action of, ii.

Gowvar, el mpumy, i, 154,

NFINIMENT, effect of, upon the cock,

i, 52.
ug;cmu!, on the breeding of rabbits in

i
Coxorwy, Mx it Angora goats, ii. 326,
CoxstiromoxaL differences. in sheep,
3l9°
364; in

96-97; in varicties of apples,

01 n. pelargoniums, 1.

dahlias, i.
el

L 8 period of
773 correlated with

Convoloutu batotas, 169, 309,
Convolunlus tricolor, bud-variation in, i,

Coon e, M., improvement of vogotabies
tary peculiarities

ation of affections
ith thosoof other systems,

‘bud-variation in, 1, 974; non-
o of \gemmules i, i. 37
Commg.  See Boitard,

CornEa, opacity uf inherited,
Cornus maseuld, yellow-fruited, i, 19,
L 319; of neighbouring
0; of change in the wLole

INDEX.

CRAWFURD.

body and in some of
ofHomalogous parts, §
plicable, 338; cnmm\nglmg o,
Yith (. ctela of iter agencics,

s pms | 321

ConuELATION of skull and Timbs in swine,
i.78; of tusks and bristles in swine, i.
76; of multplc of s and eoarso-
ness of wool in sheep, i. 95; of beak
and fot n pigeons, . 172.175 ; between
nestling down and oot of plumage
in pigeons, i. 191 ianz

plants,
in pigeons, i i m,
218 in fowls, i. 274-;
ConnukroNDing periods, taberitanco at, i,
75-80.

ConmNtes, dwarf caffle of, i. 89,
CorrrxGaM, M., infuenco of sclection

on pigs, ii.

Consica, ponmsn

G Cotgouny ot Aldrovandi, i.
209,

Corrus corone and. €. coris, hiybrids of,
i. 94,

04

eyl fower o, i

Corydalis ca

Corydatis Sotedofateris when ‘peloric, ii.
167,

¢ ulerosa, peloric Ty reversion,

Corylus mzhmu i. 857,

Costa, A., on shells transferred from
nngmm to the Medterrancan, i 250,

« Couye TroNCHUDA,” 1. 523,

Oom, inheritunce of Toss u £ ane hor in
the, 23; amount of milk fur-
nished by the, i 300 development of
SiX mammae iv, i,

Cowsur, i, 21, 182,

Crsav., sterility of the, in captivity, ii.

Cnaxss, fertility of, in capti
Oraizgus ozyacantha 1. 363,
377

ty, ii. 156,
118, 259,

Gt qus monogyma, i. 364,
Crataequs sibirica,
Crawrunp, J., Malasian cats, i

so hairy fumily with de-
ficient teeth, ii. 77, 527; Jupanese origin

of the buntam, i. 23 game fowls of
the Pm.ppme islands, Lybrids
of Gallus varius and domestic fow
234 llﬂmu:ll(‘ulmn of Gulus baMm
i

Lr

7
if anl

estication of the goose, i, és
vnted plants of New Zealand, i. 312




CREEPERS,

INDEX.

445

DAMARAS.

150; of Goura coronata in.
finement, ; geese of the Philip-
pine islands, ii. 1

Onperens, o breed efowis, . 20,

Cussen fowl, i, 227 figured, 1

a French sub- ireed of

breoling of um-e clephants in Ava, i
steril n
Rt

fowls, i.
Caise, Dr., on the ‘brains of the hare and
. 126,

Orocus, i. 1
Cross-pusepin, permanent offect of, on
the female,
CnossixG, ii. 83-144, 173-192; a couse of
8590, ), 178, aceues i all

and now races
T 55-60; causos which sheek . 100-
109; domestication and_culdivation
favonrablo to, i 103-13, 180; boneficial
31, 174176 n
in some plants, i
summary of subjec o i, 14014
dogs with wolves in Ammu,
O i Capie morisor
Gutnns, . 33 of dog with wolf, do-
seribed \>y Pliny and ofhers, i. 2¢; cha-
racters fumishied by, brought ot by
Toversion in the progeny, ii. 3-36
direet cause of rever
a cause of variability, ii. 264-267.
Cuvraora, maerourous, differences in the

391
Cryprooawe plants, bud-variation in, i.

Qua, wild dogs of, i. 27.

“ Cuckoo,” sub-breads of fowls, i. 244,

Cwmmm variation in number of earpels
of, i. 339; supposed crossing of va-
rieties of the, 1. 400.

Cueumis momordica, i. 360,

Cxwmmt sativa, i. 35!

Chcurbita, dvass correlation of leaves in,

Cucurbita mazima, i. 357, 339,

Cueurbita moscliala, . 15 35

Ouurbia popo, & 108; varieties

8; n.lntlon e et meior
343,

supposed
udin's observa-
. 172; acelimati-

“ CorpuraNTs (px"emm)
CuurivaTiox of plants, u[wlu Wi

savages, i. 309-810; fertility increased
ii. -113.
on hereditary night-blindness,

1 Fuego, i. 8093

Cumgaxts, of Tierra
bud-variation in, i
Cos, Mr., bud-variation in the roso, i

Ommx, on the gestation of the wol, i.
3 fho odout of tho ull, obstaclo
e difforences of
e

B elongumn of the

e Jardin dos Plantes, ii.

140 atenllty of predaceous birds in

captivity, i, 194 fucility of bybridia-
tion in confiner 160.

v aniost, affotion of fingers in i 352,

OxCLANEN, bna.vmmon in, 1. 382,

nara carduncu 34,

Cyrtopodium, ii.
Ciytisus Adami, i
357-.!8‘) 406,
38

its bl mmnan,
37; seedlings fi
ifferont views of its umm, i
589-390; experiments in_erossing C.
purpureus and laburaum to produce, i.
B85"" s production by M. Adum, i
90 diseussion of origin of, i. 396,
Cytisus alpino-laburnum, ovnlu and pol-
len of, . 589 origin of, i
Cytisus alpinus, i. 358,
Ciisus laburim, i, 357, 389, 390, 595,
Cytisus_purpureo-elongatus, ovul oo
“pollen of, 1. 389 ; production bt
Cytisus purpure, L 487, 858, 389, 390

Damaon, et of ood n hymenopters,
i

i

Danwia, i, 369-370, fi. 147; bud-varia-
tion by fubors o tho £ 385; improve-
ment of, by selecti stops in
itivation of, i, 3613 emm of aondic
tions of life on, i. tion o
form aud colour i, i Sh.

md chicken, i. 865; Swan

Davsae, varicties of wheat, .

Datmet, changes n tho N ot o,
i 21

Datux, Dr on consunguineons mariagss,
i 192,

Dasrostsx, hereditary,
Dasann, astlo oy 58,

2\)1-208.




446 DAMEON. INDEX. DEVELOPMENT.

- : .

JAMSON, i, 34/ ‘berry, i. 854; selection
Daxpovo, Count, on silkworms, i. 301, Practised with {orrrg:;Hmtu, 1. 361 ; wild
Daxrery, ferti!ity of English dogs in lastigate oak, i, 36] wk-leaved va-

Sierra Leone, il. 161. Tieties of es, i, conversion of
Daxtsu Middens, remains of dogs in, i. 18, stamens into pistils the i.
Darriixa in Lorses, asses, and hybrids, 65 vari

&

365; variegated folinge,
ghwhit hyacintie, . 571,

Dansstr, C, on the skull of the Polish
fowl, i/262; on the production of mon-
strous chickens, ji. 289; co-existence of
anomalies, ii. 831 ; production of double

msters, ii. 340.

DanviLe, Mr., heredity of good qualitics
in horses, i, 11, n

Danwry, C., on Lepus magellanicus, i, 112;
on the wild potato, i. 330 ; dimorphism
in the polyanthus and primrose, i, 21.

Danwiy, Dr., improvement of vegetables

selection, i, 204.

Dawwiy, Sir F, wildness of crossed pigs,
i, 45,

D'Asso, monogynous condition of the

64,

hawthorn in Spain, i. 3
Dusyprocta aguti, ii
ate-palm, variet

ii. 152,
s of the, il 236 ; effect

of pollen of, upon the frait of Chama-
rops, 1. 299.

2, on a voyage, ii, 138,

Den, fallow, ii, 103,

Deenriousy, Seoteh, differenco in size of
e sexes of, i 73 deterioration of,i.
1,

. 88 variability in, ii. 266,

Datura levis and siramonium, reversion
in hybrids of, i, 392.

Datura stramoninm, i. 67.

DAvpENTON, variations in the number of
mamm in dogs, i. 85; proportions of
intestines in wild and domestic cats, &
48, ii. 302,

neglect, ii. 239,
ONGIE, J., on
243; soft-barked

DEGENERATION of high-bred races, under
Dr

306.
Deraee, E. 8, on mbbits, i. 107, 112.
Delphinium ajacis, i. 21.
Delphinium consolida, ii. 20-21.
Dendrocygna viduata, 3. 182, i, 157.
Deuumios, variations of, in the Lorse i
0.

Dawkins and Sandford, early domestica-
tion of Bog longifrons in Britain, i. 81,

Drararvres, non-heredity of, ii. 22,

Dearxess, inheritance of, i. 78,

Dy, wild hybrids of common and musk
ducks, ii. 46.
2 CaxpoLr, Alph., number and origin
of cultivated plants, i. $06-807, 871 ;
regions which have furnished no useful
plants, i. 810; wild wheat, i. 812-313 ;
wild rye and oats, i. 318 ; ‘antiquity of

i 16 ; apparent in-

effieacy of selection in wheat, i. 3187

Drovar, i. 364,
EswAREsT, distribution of white on dogs,
1.29; cat from the Cape of Good Hopo,
i. 47; cats of Madagusear, i. 47; oo
currence of striped young in Turkish
Digs, i. 76; French breeds of cattle, i
805 horns of goats, i, 102; on hornless
goats, i. 315,

Desor, E., on the Anglo-Saxon race in
Améries, . 276,

Drspoures, nutber of varictcs of rosos i,
36

<
2
g

0, ii.

807; colours of seeds of maize, i. 321 5
varicties and origin of the cabbage, i,
824-825; origin of the garden-pen, i,
iy 00 the vine, 1 332, i. 08 culti
vated species of the orange group, 1.
835; probablo Chiness erigis of fh
cach, i. 337 ; on the peach and necta-
812; varicties of the peach,
i 544

Devay, Dr, singular case of albi sm, i
17; on the marriage of cousins, ii. 12
nngthe effects of close interbreeding, ii.

21

D?'zwr)&m and metamorphosis, ii. 388-
380,

origin and varieties of the plum,

,i. 845; | Deverorsmes, arrests of, i
origi of the cherry, i. 347 ; varicties

. 815-318.
DEVELORMENT, embryonic, ii. 866-368,




D'HERVEY.

INDEX.

447

Doas.

D Henvey-Saint-Denys, L, on the
or imperial rice of the Chmese
Dugu, ftility of the, in

l)umm'zu ocourrence of, in three brothers,
i. 17.

Dmuum-. contabescent plants of, ii. 165-
3 ybrid varicties of, ii.
s armerta and deliidos, bybedsor,

Diantluis barbatus, 5. 331,
Dianthus caryophy Vi, 1. 381,
contabescenco  of

1881
Dicotyles torquatus and labia

 on 'the colours oH

Duxrrexsacy, dog of New Ze.xlnnd 250
foral eats in Now Zealand, i. 47; poly-
ylism in Polynesia, it, 14,
Didytra, i 3.

Dier, change of, if. 803-804,
Digitalis, properties of, of
um: ii. 274 ; poison of,
, supernumerary,ii. 57; ﬂnnlu"yof
i cmbryonic conditions, 6
fusion of, ii, 341.
Divonenc plants,
reproduction in, ii.
mpxml ii. 90,
variation of, in colour, i

ected by cul-

100 conditions of

arationsof i confincmen
Diccrous of strawber:
Diseases, mlx( tance ily
uniformi, S eriton ot o
eponding poriods of lfe . 77-80 b
culiar fo localitics and climates, ii. 276
cbscurecorrelationsin, ii. 31332
affeeting certain parts of the body, ii.
“80 oceurring in alternate generations,
401.

siviw, fatal to white terriers, i, 227.
 and uso of parts, ofctsof i, 205-

3 in the skeleton

ey i 171

74; in_ducks, i.

i i, 1 300.301,

177; for
9284286 ;
Divencesor, influence of, in producing

breeds of pigeons, i.
Dixox, E. 8, on the musk duck, i, 182 ;

on foral ducks, i. 190; on feral pigeons
in Norfolk Island, i. 190; crossing
of pigeons, i. 192; origin of domes-
tic fowls, 1. 230; crossing of Gallus

Sonneratii and common fow], i 234;
scourenco of while in_the young

s of black fowls, . 244 Paduan
Swiof Aldrovamil, i 247:. pecu

L P
liarities of the cggs of fols, i. 248;

chickens, i. 249-250; late dsvalop-ent

of the tail in Cochin cock& i
of lnrk-crested fowls, i. 2
‘ment of webs in Polish fowls, i.

batory instinet of mongrels of non-
sitting rces of fowls, ii. 44; aversion
of the dovu ot pigeon to pair i

. 103; fertility of tho
Ti2; gonem. steriity of the
Soacs in captivity, ii. 136; fertility of
oo in captiviy, il 157; while pen-

mhenmnce of anomalies of
on-reversion to

5.
DosmuzorrEs, abhorronoe ofinoost by the
Abipones, ii.
ocs, origin of, L 15; ancient breeds of,
. 420 of noolithic, bronzo and

mpared with wolves, i, 21-23; of the
Wosr Tndies, Sou crica, and
Mexico, i. 23, 31; of Guiana, i. 23; naked
ogs of Paraguay and Peru, ibid. and
813 dumb, on Juan Verusades, . 275
of Juan de Nova, i. 27 ; lata,
275 of Cuba, i. 27; of st Dommgo,
28} correlation of colour i, i, 2529
99-30; hairless Turkish,

ot e ¢ of different
xs of different

-87; degene-

bing o the feet in, 1 a0
i in producing different
43; retention of original

pmom facility
nt breeds of, ii. 102
fnrhhtyo i 111 ok Taterinoitiog

0-121 ; seloction of, among the
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in, n

game ce of ru-
lmenls of limbs 'in, u 315 dnvelop

ment of ifth too in, ii, 817
ficieney of teoth :
345" probablo. smalogous
i 819; extinction of

. 425,
Dowsiary, 'H. H., on the auricula, ii.
B16-547.
DoMESTICATION, essential polnﬂ ‘.
405-406; favourable to crossi
110; fertility increased. by,

mm de-
rt-fuced,

i nd,

e animals, origin o, i 160-
61;  occasional ility of, under
clangod conditions, . 161168
Doxves, Dr, heredifary ‘hypermetropia,
8.

Dosixom fuwl \ 227, 261; furcula of,
figured, i

s, it. 9:
el e e the
luclmry,i 310; i peaclos and nosarines

Varleties of tho pm,h i sas North
American uprieor, 1. $44; variotics of
I

ter pippins”i. 319; varicties of o
apple, i 850; on strawberrics,
3835tk of o wilA sscbory, 1

muo{ grafting llpon the seed,
26; es of plum and peach
trees, i, 121 298 injury done m smue

crica. by
281 grafts of tho plum aud pcu h, i
259; wild es of pears, ii. 200

DRADER” (pigeon), i. 136,

Dmrml‘u-, effects of, in different climates,
289,

DacuEDARY, seloction of i, 205-206,
Drvce, Mr., inter-brecding of pigs, i,
Dy Ciana frit rees in West ‘Alfvica, 1.

el Fragaria. vesca, i. 351, 352,

Durove, Téon, on Cecidomyia and Miso-
canpus, . 3.

retention of perching habit
by tho, 1. 163} foral hybitd of 1190.

Ducn penguin, bybiid of, with Egyptian

Dét, wild i ty of rearing, ii. 233 ;
domestication on, i 278,
Ducks, breeds Cx : 2o onam of, i,

277; history wild, easily tamed,
1,278 ne fexhllty e vats o
erossed, i, 279; with the plumage of

uasboechas, | 280 Malayan penguin,
idantioal in ‘plumage with gl i
289; characttrs of the b roods o,
284; exgs of, 1. 281; i =
disuso i 1, 98426 86, i 293 foral 1
Norfolk,i. 190 ; Aylesbury, inheritanco
of early hutclunn by, ii. 25; reversion
in, produced by erossing, ii. 40; wil
ness of halfbred wild, 1, 43;

of, by care in breeding, ii. 199 ; cbango

produced by domestication in, ii.
s, Aug., breeding
the branchiferous stage, ii. g8t

Do-coloured horses, orighn of, i
sy do I Mall, feral pigs in i

ii. 53 foral fowls in Africa, ibid.

bud variation In the pear, . 576 pro-
duction of mules among the Romans,
i, 110,

Dusicyon. et 1. 2.

Do ra

Tosts vl i

Duemocer, polagan in fhe Taburnum, ii.
346,

Duvat, growth of pears in woods in
France, ii. 260.

Duvaw-Jouve, on Leersia oryuoides, il.
91.

Duvexoy, sclf-mpotence in Lilium can-

sty in the characters
abits of bees, 1. 2

Eante, Dr., on colour-blindness, ii. 72,
828,

EAnx,nfﬁmcy mbbit, . 106; defciency
of,'in broals of rabbits Tudi-
mentary, in Ghinens sheeyl ii. 3]
drooping, ii. 801 ; fusion of, ii. 341,

Baox, J. 3. on funey pigcons, 1. 148,
153; variability of characters in breeds

of pigeons, i. 161; reversion of crossed

piseons o coloration of Colum

qulmg on }ngmmz
of pigeous, ii, 197-1;
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faced tumblers, in_the egg, ii. 221

Archangel pigeon, ii. 240.
EoHINODERMATA, métazenesis in, ii. 367.
i ific difforence in number

of tail

Eelopistes migratorius, sterile hybrids of,
i Tt i poris, 1 193.
JENTATA, correlation of dermal system
and tecth I tho, i, 525.

out, M. s of rasssceds s

Ad i 1E Poajab, 1

Enyoxstox, Dr.,on the ot b in Larus
argentatus and the raven, ii.

Eowauws and Cours, on English wheat
in France, ii.

Eowaros, W. . nbsﬂrpl m of the mi-

Ecas, of fowls, charcters of, 1. 248;
o of, tn Aacks & 9813 o the sl
moth, i. 301.

Eoyer, ancient dogs of, i, 17-18; ancient
domestication of the pigeon in, i. 204;
absence of the fowl in ancient, i.

Eovriiax goose hybrids of,with pengoin

duck, i.

Eunmm, Brof, multiple origin of the
1, . 25;

43,

f e body, fumctional inde-
pendence o the,
i

y 2 captivity, .

5 Ixish. correlations in the, ii. 333-

34,

Ervior, Sir Walter, on striped horses, i.
58 Indian domestic and wild swine,

i. 66; pigeons from Cairo and Constan-
tinople, 3 182; fanteil plgeons, i, 146
Lotan fumbler pigeons, i. 150; a pigeon
uttering the sound Yalu,
Tus lmn!nm. in Pegu,

ish variety of
~varieties of

Emberiza passerina, ii. 158,
Epuves, similaity of, 1 "12; fusion of,

‘Excrx, on Larus sassafras, ii.
A, domeaticetionof Bos longv/mm
in, 1. 81; selection of horses in, in me-
Shoval i . 205, Inws pevist the
edrly slaughfer of rams in, i
VOL. TL

Ernsermz, development of the, i. 366.
Bpidewdrunmcimabarinan wnd . sda,
134.

Ertiarey, hereditary, i
Eapr, didase of the i pu‘h of catle,

Enmm, frequency of contabescence in
the, ii.
Exrcumouns, an improver of hotses by
selection, ii.
Emiax, on the fat-ailed Kirghisian sheey
250 on.the doge of tho O

Enion i 8

Erythrina Crista-galli and E. herbacea,
liybrids of, ii. 265.

ciLax, M, on the naked young of

dun-colonred Bigeons 1. 170

Esquntavx dogs, their resemblance to
wolves i 21 seocton o . 206,

EupesD ars, on’_appendages
e i ,“ ol of pi, 1. 576

Euonymus Ji

TunorEA cultivated plants, stl wild in
Europe, i.

Evaxs, M., on the Lotan tumbler pigeon,
i. 10,

EvELyy, pansies grown in his garden, i.
36

e Newfoundland dog
6, it 805; dogencration. rvt

setters in India, i 38; Indion wi
boars, 1. G6.

Ewss, hornless, ii. 350,

Exrixerios of domestic races, i. 221.

ry peculiarities of the, ii

; loss of, causing microphthalmia

in children, ii. 24; modification of the
structure of, by natural selection, ii.
9222.923 ; fusion of, ii, 311,

Exsnows, hereditary elongation of hairs
in, .

Emms. “inherited péculiarities of the,

vrox, Mr, on gestation in the dog, i.
30 vlm\blllty in number of vertebrs
m the pig, 1. 74 ; individual sterility, ii.

Faba vgaris, . 330.
Fasaz, observations on Zgilops triti-
les, i. 31

Fagus syloatioa, ii.

FATRWEATHER, Mr., pmdm:tmn of double
flowers from old seed, ii.

Falco albidus, resumption. nf yanng plu-
‘mage by, in captivity, ii.

Faleo ossifragus, ii. 280.

Fuloo eulbuir, copulaiog in captivity, ii.

Tl bahond e i oty
ii. 15
2a
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FLODRENS,

Far

'ALooNER, Dr., sterility of English bull-
dogs in India, i. 35; resemblauco be-
tween Sivatherium and Niata cattle, i.
; selection of the silkworm in India,
801 ; fastigate apple-trecs in Calcutta,

361 roproduction of a supernumeruey
‘thumb af fter amputation, ii. 14 ; fertility
of the dhole in cdptivity, ii. 151; fer-

tility of English dogs in Tndia, ii. 161;
sterlty of tho tiger m capiviy, i,
urkeys at Delhi,
s cuttiogted plant, i "165; Thibes
mastiff and goat, ii.
Farcoxs, sterility of, in cnphvlty,
Favxranp Islands, Horses o
61; feral pigs of the,i. 77 ol o
on.h i. 82, 86; feral rabbits of the, i.

Bl deer, if. 103, 1

FANTAIL pigeons, i. i 148, ii. 227; -
gl L 1{7 fnun\lln o, figured, i.
lb7 i. 208; absence of oil-

Fihon hla.’nd.‘, pigeons of the, . 18
Fasmox, inflience of, in
240.

it

FasmioaTs trees, ii. 277, 348,
Favvas, geographical ‘differences, of,
10.

“Favounrrs” bull, ii. 65, 118.
Feamness, Tomologous variation i, il

Fxtr of pigeons, individual iffrencas of,
i. 160; correlations of ex
Tacters n, i. 170-171
"exr and beal, correlation of, in pigeons,
i, 171174,
qu:nx, Tertility of, in captivity, il.

caffra, i.
e cahgal«,la,l Fed
Felia chaus, . 43-4

Felis Tybica,

Felis mmmmm, i.43.

Felis mau

Tels ommate & 45,

Felis sylvestris, i. 44,

Felis torquata, i. 45.

Fauun afoled by male element, ii. 865,
3

quuz fiwe ok panicle of maize,
i. 821,

‘Frone, Tialisn variety of . 826,

Fenar cats, i. 47; cattle, . 86; rabbits
i 111-115; Guinea fowl, i. 294; ani-
mals and plaats, roversion o, i 3234,

it o,
origin of domastio fow
of black game-fowls, i. 244; relative

of eggs of fowls, i. 248; yolk of
SEma of gmefovl, 249 carly pug-
nacity of game-cocks, i. voice of
the Malay l'owl i 2y “effeots of inter-
Dreeding on i. 124; selection in
Cochin Ulinn fowts, i, 103 on fashion
in poultry, i, 240.
P Merioin dogs, 1. 23.
Feis, roproduction of abuormal forms
of, by spores, . 388 non-diffusion of
cell-gemmules in, i, 570,
Fenners, ii. 111, 151,
Fanmusdsaiox, mmcml it thost. Valery
apple, . 850
Ferriry, various degrees of, in sheep, i
97; unlimited mutual, of breeds of pi
L 192194 ; uompnmwe of mon-
grels and hybrids, ii. I
180; influence of nourishment o
hod. by eloss imterbresdin
L. '5; reduc of Cm]lm"hum
wild catle, ii. 1193 of dom
Varicties wion crossad, i, 180,
atuca, species of, proegated. by bulb-
lets, ii. 170,
Frusenas, spared by tomtits, ii. 231,
Fruarer, on the breeding of branchiferous
tritons, ii. &
Fixouss, general sterility of,in captivity,

Ty (pizon) 156

Fuxxoouo,

¥, Scotel, S naimtio of, ii. 310.

Fsi, Mr. mivxniag\a ofehmge of soil to
‘lkate, 1, 167,

59 ; marine, living in fresh
80; double monsters of, il

0.

Frsstox and gemmation, ii. 358. '

Frren, Mr., persistency of o variety of
the pea, 1. 329,

Frrrest, survival of the, 1. 6.

ey origin of e, . 94; Afrioan
‘maned shee

FrxEDNES of Charucter, oouditions o, dis-
cussed, i
wax, found i the Swiss Inke-dwellings,
i ference in produc

of,
Fu.m, ﬂuenm of, in Austrian merinos,
197.

Fmscmuw, = German sheep erossed
with merinos,

o, i, 5
mem, crossing of wolf and dog, i.
32;




FLOWER-GARDE:

rope, il 217.
capricious _ transmission

colour-varieties in, ii. 20-21; tendency
o waifomaity tn ssipe, 1. 707 scoro
ing of, dependent on colour, ii. 229;
changs in, caused by conditions of Life,
ii. 273 ; rudimentary, ii. 316; relative
‘position of, to the axls, ii. 345

Fararion, nlxlom\mll ii. 294,

Fouey, Mr, wild varicties of pears, ii.
2

60.
Fol.upx, mhenheél P«mﬂmmles of, . 362;
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GALEOBDOLON.

spontaneous segregation of varieties of
geese, il. 104 effects of close e
bre

Foon, ‘influence of, on the pig, i. 72; on

cattle, i. 91; excess of, a cause of va-
riabili
Fonues, D, on Chilian sheep, i. 95; on

tho horses of Spain, Ohill, and tho

5; cnmes
of produstion of breads of'i.
origin_of from Gallus ba
239, 245; feral, notices iy
rorersion und nnnlogmu pusistion in,
246, ii. 55, 38, 9, 40, 819, 850;
s s o 84 s i
o L 2AC2AT; strwotunl characters of,

57960+
from G. bankiva, i. 260; os
charaters of, . 260-270 ; ffcts of
oo of parts i, i 210274, 1208 fora,
i. 190, ii. 33; polydactylism in, ii. 14;
mmmy nf incroased by domestication,
ii. 112, 167 ; sterility of, under certain
Lom.mm, §i. 162 ; influence of selec-
tion on, ii. 196, 198, 209, 210; evils of
closo interbrecding of, ii. 124-123;
erosing of, i 95,06, 7; propotency
of transmission n in, ii. 6
organs in, rosing of non esiting
vnnutl(s Df 4‘\ 44
wing a
T o phemslnts and Gallus
Somoraii ii. 45; lackskinned, i
209-210; black, preyml upon by the
osprey in_Ieeland, five -tned
Thantlonad by Coluinel 1
loss, tailed chickens pmdncs:l by, '
381; Dorking, crosses of, ii. 93 'm of
camb and eolour of plumage i i R
crossing of white and black, .
§2; fivospureed, 1 891 s anish,

B

eding
d fneas of while)cafa with. biue eyes,

oxlmlND&. 1. 40, ii. 120.

i s folm, i 19,

Fumsiaxo - cutle, probably descended
from Bos primigenius, i.

Faitoack (pigeon), 1. 165; Tndien, 1.
153,

Fringilla ci

Fringilla spinus, ii. 154,

Fuzzep fowls, , . Bk,

Frog, polydactylism in the, 1114,
Fro, seodless, ii. 168.
ltnur Tum, varitics o, occurring wild,

Firz, 2, on ferkle bybrid oty i 44; on
feral fu\ in \wnsion, i
Fousuas, origin of, SRy
in, i, 382.
Fuclsia coceinea and_fulgens, twin seed
produced by crossing,i. 391.
Fasoaxs ther supersition sboutkilling
. 810; selection of
y the, B0 i exmanive
estimagion of dogs and old women,
213; thelr pover of dstant viion,

Fuwr, parasitic, ii. 284-285.

Forovia, characters and variations of the,
in pigeons, i. 167 altemtion of, by
diswo, in lgeons, L. 1733 characters
of, in fowls, i.

Pouion of heraslogota pase i, 398,

Gam, inhertanco of ‘peculiarities of, ii.
Giiarados Archipelago, its peeuliar
fauna and flora, i.
Galasbolon Lutim, pelorism in,

262
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GATIS,

INDEX.

GEMMATION,

GanLs, ii. 282-284.
ALL-GNATS, ii. 283.
GALL-LIKE excrescences not inherited, ii.

GALLINAGEOUS birds, restricted range of
largo, L 237, goneral ity of i cap-
tivity, i.

Gallinula L‘Mompru i, 156,

Gallinla nesiotis, i, 281.

GaLrox, Mr., fondues vages for
taming. ammm 20,1t wo cattle of
Benguls n hereditary talent,

Gm_z‘m species of oranges, i. 334, 835,
36 hybridisation of oratacs, i 396
in the peach, i,

f thu

4
aneous crossing of orunges, il 915
nlanill’%lt 8 & cause of sterility in
plants, ii. 166; seeding of ordinarily
seedless fruits, . 168; sterility of the
angm cane, ii. 169; tsm\emy of male
flowers to bécome double, ii. 171 ; effects
of selection in enlarging fruit, &, i.
217; variation of the orange’ tree in
North Ttaly, ii. 256; naturalisation of
tho orage i Tuly i
neus, o hybrid of G, varius and
the d.nmesm: fowl, i. 255,
jra,_probable original of do-
253, 236—239 245; game-

of, figured, i. 567 Rakoul of figured,
1,208 ; reversion to, in crossed fowls,
i, 30-40; hiybrid of, with G. carius, i
35, ii. 40 ; number of eggs o, ii. 112,
G«lhu Jerrugineus,

Gallus Sonneratii, charaoters and habits
5 bybrids of, i 284, il

Gatta Stanleyi, hybrids of, i. 234.
Gallus Temmineli probubly a Lybrid, i

Gallvu wvarius, character and habits of, i.
brids and probable hybrids of,

i. 23
Gunrts, Lord, hia early cultivation of
the pansy, i. 368.
GAME-TOWT, i, 226, 250, 251, 252,
i

Gancrzazo do la Vega, anuual hunts of
the Peruyian ncne, . 207. g
NETT, Mr., migratory propensities of
“hybeid dncke, u“’ i
Gasrop, Dr, on hereditary gout, . 7.
GaspagIN1, @ gonus of pumpkins, founded
on stigmitic charactcrs,
Gavpteman, bud-voriation in the pear,
5 976; apple tree with two kinds of
it on braneh, &
GATDY, Snomalos oo n tho foot
Gof horses, i. 50.
AY, on Fragaria L 815
ou Viola tuica andt tneaﬁ‘”a 368
the nectary of Viola grandifiors,

e domestication o the, . 82.
GaYor, so0 M
GirrNER, on o of hybrids, i.
192, i1, 1013 m;u.mi vorlity of vasie:
tios of plmnd when crossed, i. 358 ;
sterility in tr mspln..oed plants, and in
the lilac in Gert i. 164 ; mutual
sterility of blne S 150 o of o
pimpernel, ii. 190; supposed rules of
'.musmxss\on in crossing plmzn, ii. 685
m crossing plants, 30,
on repeated crossing, i
fion of ot specics by nuoum. ien
crossed, ii. 8% eromug of vari
397

g

70 graft
hyhnd pmumd by inosculation in the
vine, 1. 895 ; effect produced by grafis
on the stock, 1. 394, ii. 278 tende
of hybrid plants fo produce doubls
flowers, ii. 171; production of perfoct
frait by sterile hylmd.i i, 172; sexual
elective affinity, ii. 180; self-impo-
tenco in Lobelia, Veriasoum, Lilium,
and Passiflora,
action of poll
of Maloa, i. 402403, ii,
tency of pollen, ii. '187; prepotency
of transmission in species of Nicotiana,
il. 67; bud-variation in Pelargonium
e, in Gnothera bignnis, i.
;'in Achillza millefolium, i, 408
effect of manure on the fertility o
L. l 63; on contabes

i
o vllloxlty of plants
(ansers) gumml hmlny of, in
captivity, ii.
Gramwacr, on Vo bt o digits, i,

Gmml\'nov and fission, ii. 358,




GEMMULES.

Gz, or coll-gemmles, . 974, 578-
381, 3
omes, xemmy of the, in captivity, ii.

rnmmnx alternate,

Grus, inheritance of,
Gentiana amarela, i
Grommox Suint-Hiluirg production of
monstrous chickens, 2\") “Loi de
Tafinité de soi pour m, . 839 com-

pensa i, 342,
e e T e
the dog, i. 66; barking of a juckal, i.

27 period of gestation and odour of
the jackal, i. 80; anomalies in the
teetlh of dogs,
‘proportions of dogs, 1. 85 ; webbed feet
of Newfoundland dogs, i. 89 ; crossing
of dometic und wild cats, . &
tication of the armi, i. §2; sup
introduction of mue ‘into Ellmpﬂ from
the East, ibi
pits in sheep,. o
l 101; feral geese, i.
of the fow i. 246,
el fow, 3. 262 preference of the
Romans for the liver of W
289; polydactylism, ii. 12; nsmmplmn
of male claracters by female birds,
51; supernumerary mammee in women,
58; development of a proboscis in
the pig, ibid.; transmission and blend-
ing of characters in hybrids,
xfusal of anial fo iced i cap
ii. 149; on the Guinea pig, i.

m,
ikoworine | producing white cocoons, ii.

99; on lee i ii. 236 on IHelix
ea, 0; on monstrosities, ii.

.mry s
of monstrosity, ii. 269; alteration in
the coat of Liorses in coal mines,
278; length of {he intestines in wild
and tame animals, 803 inberit-

820; supernumeraxy dlgﬂa m mau, i
899; co-existence of wno
fusion of homologous parie . 341442
s and tecth in ovarian

on the pﬂllk
GroGrAPHICAL differences of faunas, i. 10,
GEOLOGICAL succession of organisms, . 1.
eranium, ii

Geraniam pheur d gyrenaicum, . 258.
eranium pratense,
ERATD,
Burgundian bees, i.
Grnaze, o varicties of the hyacinth, .

Gummm. on hive-bees, i. 209.

INDEX.

GODRON.

| Gamvas, Prot, orig
e i

in dogs, i 3¢

86; on tertiary horses, i. 51;

Dibleal Dotcesof Loncs | . 55; species
of Ovis, i. 94 ; wild and domestio rab-
bits, i. gty rabbits from Mount Sin
and Algeria, 1. 105 ; earless abbits,
108 batrachia with doubled Limbs, i

391
GrstaTiox, period of, in the dog, wolf,
0 mtlnep)g,l 74; in cattle,
§. 87, . 821} in sheep, i. 97.
ones, inheritence of peculiarities in,

“Grooxvooks” a sub-breed of fowls, i.
229,

Guon-Kuun, ii.
Grus, Mr., dl‘eot nf mﬂs—brendmg in the
pig, i.

Ginatz, corordi
221,

tion of structure of, ii.

Gma, period of appenranco of perma-
nent tee
Gmovu_de Bllmlemgues, “inheritance in
the horse, ii. 10 ; reversion by age in
catle, ii. :xs prepo!ﬂky of {ramsmis-
sion o * i sheep and cutle 5
. 108

: ::

Gromtnos, wild eatile ut., i

Gladiolus, i. 36
Tybrids of, ii. 159.

Gladiolus cc bud-variation in, i, 882.
Guaxas, ‘compensatory development of fi.
300

4.
£~ impotence of

Gumwrm thorn, i. 364,

GLENNY, M., on the mernrm . 200.
Groepe, F., on strawberri
en, on the wings ufdm ks, i 208,

in sexu

vnlued 'hy Kot A icaoa
907 et . 238; smount of milk
and’ development,of udders in the, ii.
500; lomless, rudimentary bony corcs

north and south of e
troduction of the i h.mpe,
1, S00; varilility fn the silkworm,
04; supposed species of wheat, i. 812-
314; on Hgilops triticoides, . 81
Variable prescuce of barbs in grasses, i
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GrEY.

814; colours of the sceds of maize, i.

821 unity of character in cabbages,
i. 823; correlation of colour and odour,
1 325 efct of heat and. moisturo on

¥ variation
ors of peas in e pod,
5 wild vines in Spain, 1. 332; on
Taising peaches from seed, i. 339 ; sup-
posed specific distinctness of peach and
; nectarine producing
41; on the flower of Cory-
origin_and variations of
345 origin of the cherry,
;| roversion of single - leaved
sirawberries, 1. 855: five-Jearea. vac
viety of Fraguria collina, i. 353 ; sup-
posed immutability of specific charac-
o, . 838.850; varietics of ubinia, i
permanency of the simple-leuved
. 362; non-inheritance of certain
mutilations, ii. 23
Tots, and eclery,
goatlike ram, benefit of change
of soil to planis, il. 146 fertility of
peloric flowers of Corydalis solida, ii.
167; seeding of ondinarily secdiess
i ual ety of plants

propagated by buds, &, il 169;
erease of s beet—mot. i, 201
effcts of solotion in

of ancient Egypmm igs,
mitive distinctness of speci
solid: hoofed syine, ii. 429,

i 2
Goxans, on South American oat, 1. 46,
GoNaona, number of seeds in the, ii. 379.
Goosr, ancicnt. domgsticaion 1 287;
red to Juno in Rome, dbid. ; inflexi
Bility of grguaiaation of, 1. 38 Fe
perforated in tufted, i

jy Spontancous segregution of o
ricties o rility of, increased
by dnmemcm.m, i, 112 decreased
ferility of, in Bogola, . 161; sterility
of In tho Plilippius Tslands, ii. 1623
Slection 4 ; white, preference
o oo Toion ot the v of, ii. 209;
pemsistency of charoter in, i 264
Lgyptinn, change in breoding sason of,

Goosememny, 1. 334:856; bud variation in
the, i. 3765 Whitesmith's, ii, 232

GippERT, 0n monstrous poppies, ii. 166.
osse, P. H, feral dogs in Jamnica, 1.
285" feral Pigs of Jamaica, i, 77-78;
foral rabbits of Jumsles, £ i1
Columba leucocephala, i, 183;
Guinea fow] in Jamaica, 1. 19
d\lctwn “of individual peculiariies' by

tion in @ coral, i

o smjged legs in mules,

Gotup, Dr, ou bereditary ‘haemorrhage, i.

Gom_u, Joln, arigin of tho turke, 5,202,
and Victoriz, hybrids of,

Tt
Gouks, §.'857; crossing of varieties of,
i, 108; ancient Peruvian variety of, i,

431
Goun,inherifance of . 7; period of ap-

‘pearan
Gins, on the pigone of the Faros ilands,
i 183,

Guarmmvo, b, 147 effectsof, ii. 259, 278
upon the stock, 1. 394
variability of {rees, il 250 ; changes
analogous o bud- Frariation produced by,
i. 387, 589,
Guavrirvoums, 1. 390-991, 394307, i
64-36.
Guares, budvariation i, i s75 eross of
white and purple, n, linble
to_disease, fi. 336; s  forciga
pollen on, 1. 400,
Gmgs;js.medsofumdsafoodbynvngeﬂ
i

perior wild varieties of
510 cultivated native

Ghae G R o Cutenba gymnocyclus, i.

Gnay, J. E,, on Sus pliciceps,
Varloy of the gold-sh, & 397 hylmdx
of tho ass and zebra, if. 4243 on the

breeding of animals at Knowsley, i
149; on the breeding of birds in capti-
vity, il. 157.

sz, J. Teay, on the dovelopment of
the echinoderniata,

Gumson. Mz, s Casara i

i

GREENING, M.r experiments on Abrazas
grossulariata, 1. 250.

Guzasox, Mr., experiments on Abrazas
grossulariat, i, 280.

| Gy, Sir George, preservation of seed-




GREYHOUNDS.

Dearing. plunt! 'by the A n s~

vages, i efes
Australian et
Greynousps, sculptmed_on Egyptian
monuments, and in the Villa of Suto-
ninus, i 17; modern breed of, i 41;
crosl with, tho bulllog, by Lord
Orford, if, 95 coo i of struc-
O S inetion, i, 2212223

a

o o Tucest by
2.

at corresponding
periods of life, i. 7
Gugr, Mr, on carly-flowering dahlias,

GriGoR, Mr -ochmusnhnn of the Scotch

0.0.,0n the webbed fect
"of tho otter- hmlmL i

« GrossEs-GOnGES ” (p)goom), 1197,
Guom-mmune, Tndian, i. 150.

Grovse, fextility of, in capfivity, il. 156,
Grineasn, bybiids of Zgilops and wheat,

G ‘montigresia, cinerea, and Antigone,
i. 156,

GuaNACos, selection of,
Guaxs, general fertility

GuUELDER-ROSE, §i. 18:

GurLpERLAND fowls,

Guxa, election of dugs by the Tndians
205,

Gurka fowl, 1. 204; feral in Ascension,
Tnd Jamaieo, : 190, i. B Ferenco

of to chunge'of cliate i 161.

GuiNea pig, i 24, 1

Ko, e the mksl

Guis, herring, breeding in ceuﬁmment
i

. 157
Gus, general sterility of,in captivity, ii.
1
Gulo, sterility of, in mfuv.ty,u 152,
‘rmER, Ao, on tufted ducks and geese,
i. 2743 on the regeneration of lost parts
in butrachis, ii. 15,
Gonxey, M., owls breeding in captivity, i,
154; appearaneco of “blaclcahoulderod™
‘among ordinary peacocks, i.

HAm-r, mﬂnenw of, in acclimatisation,

HABIT&. mhtnhm’e nf
HioxeL, on cells, i
Ao dudion, of Taeduss, il 8843
Tohoritance, i 5
‘Hackues, peculiaxitics of, in fowls, 1. 254,
Ham, on'the fuce, inberifanc of, in man,
i &; peculiar lock of, inherited,
Frowtl of, wunder stimulation of skin,
396; homologous variation of, ii.
o5 - development of, within the cars
‘in the brain, if. 391

INDEX.

aF
\
|

=

HEAD,

Ham and teeth, correlation of,

Hamy family, componding period of in=
Jieritance in, ji. 77.

Havr-c. As—rm.dmmrterof i. 46.

Hauror bl figured and described,

skull of, i. 119.

Hoitur lwwuylmlu. copulating in.
captivity, ii. 154.

Hn.u»y. Col, on’a twolegged race of

. 4.
Humuu:n fowl, i. 227, 261; figured, i.

Haspiror, wild cattl of 1. 82
Hawwrox, Dr., Eir assumption of male
plumas by T hn pheaenat, i 51
Hauuros, ¥.

dock, . 835
vated plants, ii.
Hacoae, M,
15515
HAmwmmu inheritance of peculiaritics
6.

m, on the shad-
mche! of Indian culti-

Sty of tamed birds, .

, on selection of flower

r., inheritance of dark yolks

o ducke sggn . 281,

Hancounr, E. V. on the Amb boar-
Tuound, i. 17; m'zm(m of the Arabs
dun-coloured horses, i.

Finoy, Mry cffect of cxeess of nourishe
‘ment on plants, ii. 257.

o yiida. of, with roblit, 1
steility of the, i oo confinement, . 15:

cnce of, for particular plants, il

‘Fane-1, inheritance of, i 24
Hanuax, Dr, on berediary dise %
P e ataties of cgga I &

2 ot singulas form of t Begni
igida, i. 865-366; effects of
brceding on lhe.(emale, $40k; mon-

Havrsors ptmwberry
ngm, e ooy duin, 1
1.

Hiwrnons, vareties 364; py-
mmn‘h] 1 861; pendulam hybndlmd
i, 18; cinnges ot by ago, i

arintion in_the, 1. 577

b of attecked ybuﬂﬂnnhes,
By Dr, character of Esqr
Tt Yl feral rabbits of

395 ji. 830,
Yorksbire pig,
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HEAD,

ol‘ selec.

500 swrchmg ) 229;
ouditons tl\e, i,

2745 annual varictie of (he:
HeaT, efct of, upon the feces ot sln:ep,

e Bishop, on the breeding of the
rhinoceros in captivity, ii, 150,

Hesuapes, ctdlo of the, 1. 80; pigeons of
the, i, 1
Heer, 0., on the plants of the Swiss uke-
dwellings, i. 309, ,427; on the
cereals, . 817:319' on the peas, i, 896 ;
on the vine growing in Ttaly in the
bronze age, i. 332,

eliz lactea,

50,
and flava, interchang-
ing by bud- vummm . 386,
HEMLOCK yields no conicine in Scotland,
74,

nccs of, in various parts of
o . wa, climatal difference in
‘products of, ii, 274,

Hewrserp, st of, upon the calour of

el flowers, occurrence o, in
Maize, i. 321.

Mz, assumption of male characters by
the i 5, 10k development of spury
in the, i,

d Hm)ul!,"or len-like male fowls,i, 252,
ENEY, T. A, a varicty of the ash pro-
duced by grofing, 1. 504+ & rossing of
specics of Rhedodendron and drali, i

nmww, Prof, individual variation in
wheat, i, 314 bud-variation in  th
Austrian bramble. rose, 1. 8813 partin
xeproduction of tho Wecping by

mmm, chianged by transplantation, i,

Hmm. Dr.. variations of Vicla grandi-
Jlora, ud-variation in camel-
Tins, . seedlings from reverted
CyiuuAduvm i. 388; crosses of Swedish
and other turnips, ii. 03: on hollyhocks,
ii. 107; breeding of hybri

timpotence in u,bua ln))pmsmlms,
i, 185-199; hybrid Gladiolus, ii. 13
hyrantlies candnia i, m forts
e crocus, ii. m confa-
bmcm. 1637 hybrid Hlmdw.izmirfm,
265.

HEnorLoNgo, figuro of a pig found in,
i.

Hmmv, Sir R., appearance of “black. |

HODGEIN.

shonldered” among ¢ ordinary peacocls,
290-201; non-inheritance of monstrous
chmam by Eoldal 206; croseing

93,

He.wm Jasciatus and griseus, i, 151,
‘Hetsivesn, anthe sheep of th Turentino,
i o7, rrclted constitutional

Hiwr, g5 g bantam
i 240 degeneration of sk fols, 1.
243; pnnml sterility of hen-like malo
Towls, i, 252 production of tafieq
chickens by rumpless fowls, i, 250
{aming and raring il i. 278
279, 1L 253, 262908 conmticn of
tanco in lnced Scbright bantame,

wl,
98 assmption of male chaméters by
femalo pheasants, i, 51 development
of lMenL clmmc(ers in

wl, cts of close inter-
reeding on' fowls, i, 124125; on
Teatherod:legzed buntams, ii. 325,
,on the pigs of the Shetland
Telunds, 1. 70;
Hicriaxp saile
longifrons, i.
HDEBRAND, Dr on e fertilisation of
Orchides, i. 402408 occasional ne-

descended from Bos

sary t’ronmg of plan ;on
Primida sinensis and Ozal i
182; on Corylals cava, i 19155,

Hu, R, on the eral rabbits
in Jamaica, pencocks in
Jomaica, . 190’ variation of (e G
fowl in Jamaica, i slrilty of

tamed birds in Jamaica, if, 135, 157,
HDULAYA, range of alltaceons biogs in
the, i. 257,
HMALSSAN rabbit, i. 107, 108-111; skull
i. 120,

A sheep, i. 95,
Hixowanss, Mr, on Chillingham cattle,
4.

Mg Taom i 142 143,
ooy and mule,diffrenco of, i, 67- &8
Hipparion, wnomalous resemblarico
orses, i, 50,
Hippeasirum, hybrids of, i, 138-139,
Hive-pers, ancient dumcsm‘nhon of, i
297; breeds of, i. 208; smaller wher,
huced in old combs, 1. 297 ; yorin-
bilty in, i, 208 erosing of Ligu
common, i. 999,
« Hocxum Taosns 141,
Hows, Fisher, on interbrecding pigs, i,

Hom,xn, Dr., on the attraction of foxes




HODGSON.

by o female Dingo, . 81; origin of the | me
Newfoundlund dog, i 42 tranm
of o peeuliar lock of I
Honsow, Mr, domesticafion of Canis
primatus, . 26; development of o 6t
igit in Thibet mastifis, . 35; mumber
of s in bumped entl
licep of the Himalaya, i
of four mamm in sheep, ik anied

s of
: s
its in goats, ibid. ; dis-
use  cause of drooping ears, ii. 801.

80
Horacegs, prsistency of colout in bors
i, 51, L. 21; production of dun horses
from pmm,a of different colours, i. 59;
inherttance of peculiaritics in band=
heredity in a one-homed

stag, 1, 12; on consanguineous mar-
vinges, ii. 123.
Hoo, Bed River £ 180
. Mr, retardation of brecding in

com by hard living, ii.
HtrLLA}«n,her necessity 01 m'hen nee,
i, 2; on hereditary diseases, ii. 7;
hereditary peculiarity in the eyelid, ii.

: morbid_uniformity in the same
family, ii. 17; transmission of hydroeele
through the female, ii. 52 ; inlieritance
of Labits and tricks,

560, 362; bud-
‘yellow-berricd, ii.

in, 1. 878; non-
crossing of double varictics of, ii. 107;
tender varicty of the,
‘Honer, notice of Geese, i.
of the horses of Aneas, ii.
Hoxorogors parts, o pprab
o il 2 S5L, S4ets: fusion of,
893; affinity o, i
Hoors, corslated w
i. 32

137 bxeedmg

ith Lair in variation,

5.

Hoox -s1LLED duck, skull figured, i. 282.
Hookzs, Dr. J. D., forked shoulder-stripe
in Syrian asses, i. 63; voice of the c

. 259; use or Arum-roots as

; mative useful plants of
811; w,m walnut of the

Toverson in plants
<ugar-cane, i, 169; on A¥ctic plms
i, 25«; o he oak grown at tho Cape of
Hope, ii. 274 ; on Rhododendron
liatum, B 277 ; stoek and mignoncite,
‘perennial in Tasmania, ii. 803.
‘Hopking, Mr., bud-variation in the rose,
i. 8817 in Mirabilis jalapa, i. 382; in
Convalvulus tricolr, 1. 408,
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HUNGARTAN.

Homvea, heterophyllous, i 562

Honven fovl i 220 :skull figured, . 265.

Honinss caitlo in Paraguay, i

Honxs of sheep, 1. 95; co
ith flooce in sheep, |
Iation of, with the skul
mentary in young pnlled cattle,
of goats, i.

Honsgs, in Svins Take-dwellings, 1. 49;
dn-rmm breeds of, in_Malay Archi-

pelago, i 49; Sftxnalios tncateslogy an
denhﬁou uf 1:90; mutual orility of

o\ued, origin o t o o
feral, i. 60-61; ot of iacis by
a Qusgga o the subsequent progeny
o inheritance of peculi-

ric B
14; inhes
nhersianc of exostoses in legs o
23 reversion in, i. 33, 41; hylmds of,
ith ass nnd zebm, il 42¢ prepotency
of transmission in the sexes of . 65

78 ; degeneration of, in tho
Fallland lshnds, i, 278; discases of,
caused by shocing, feeding on
meat, ii. 305 ; white o whlu,\spoﬂrd
poisoned by mildewed vetches, il. 357 ;
alogous variations in the colour ofy
349 ; teeth developed on palate o(.
591; of bronze period in Denma
427,

, carly, at the Tuileries,
tendency t0 doubleness in, ii.

Hom:]x navism, general sterility of the, il
“Horpax,” s French sub-breed of fowls,

Howum, ©., on an Fgyptian monument,
Crossing sheep, i. 95, 120.

ii, 47; parmot spenking (he languago
o ax ki tribe, ii. 154; on Pules

m’m s, ¥, injurious effect of, upon horscs,

nmmmm, Col, an Aue sheep, i. 100
‘HuNoAuAN catle, i
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liv:nnu, John, period of gestation in tho |
; on secondary sexual cha-
nmm, 1,179 ; fertile crassing of Anser
erus and the domestio_ goose, . 288
mhemanca of peculiarities in gestures,
voice, &., ii. 6; nssumption e
charucters by the humin femle s
51; period of appearance of horedstary
ses, il ft of

dis the spur of a
ii. 296; on tho
siommach of Larus {ridentatus . 802;

double-tniled lizards, ii
oNTER, W., evidence agnmst the influ-
gnce of imagination upon the ofpring,
i 264,

Horron, Capt,, on the variability of tho
sille mofh, . 808; on the muber of
sgeu?a of sxl.kwmmu, i. 300;

silloworms, £, 802; domestication of
the roclpigon in Tndin, i. 185;

tion” and crossing of Gallus

36,

820; on gemmation and
development of star-

HYwm'mx. T 571; bud-
i. 385; gmﬂ—hybnd by mmion o€ hatt
bl of, i ity reproducd by
. 29, 836; varictics
o rewgmnuble by Lhe bl
Hyacims, fea] 316,
Hyacinihus orieniali,
e

ginen and. fulgers, e of,
i. 892-894, ;
ass, and zsb
wildness of, i, 4446 ; female instincts
of sterilo mile, if. 52; transmission and
Blending of charuclers in, 9205
Dreed better with parent spe
with eanch other, 1. 1317 selfimpo:
fenee i, i, 198110, readily produced
lncuphvlly, L.
HYBRIDISATION, Alhg\llar effects of, in
86; of cherries, 1. 347; dif-
Cucurbitee, i. 858; of Toses,

6.

]lYmanmlL i, 178-191; the cause of a
tendency to double flowers, ii. 171; in
relation to pangenesis,

XBRIDITY in cats, i. 44 45‘ supposed of
peach and nectarine, i

Hydra, . 574, 1, 203, 350,

HypRANGEA, ‘colour of flowers of, influ-
enced by alum, ii. 277,

HYDROCELE, ii, 5

Imrmm orTERYGIA, number of digits in
e, i.

Tlex aqwfolmm, i, 19,

Tuacrvazon, Supposed. effet o, on oft
spring, ii. 265,

Tnatoplyilum miniatum, bud-variation
in, 1. 385,

Ixcrsr, abliorred by savages, ii, 128124,

IxcunaTioN, by erossed fowls of nou-sit-
ting varieties, ii. 43-44,

DL, striped horses of, i. 58; pigs of, i.
66, 67,76, breeding of bbits in, 1 112
cultivation of pigeons in, i. 205-206.

Txprivuas varialility in pigeons, i, 168-

160.

i,
(HERITANCE, ii. 1-84, 871- 57& 305, 397<
402 doubts entertained of

Wi

A pecul
rities i o B0 of St
from .ymme«ry, 12; of ‘polydaciylism,
12.16; capriciousness of, 17-2%, 27+
of mutilations, 22-24; of congenita]
‘monstrosities, 24 ; causes of absence of,
2496 by reversion o ataviem; 28.61
its connexion with fixedness of charac:
fer, 62-64; affected by propoteny. of
mnsnmmn of character, 65-71; limited
sex, 7175; at L‘ol'napm\dmg pe-
riods of life, 75-80; summary of the
subject of, 80-84; Luws of, the same in
seminal and bud varietics, i. 093 of
cliructers o, the 10-11 5

sof
plumage in pigeons,i. 160-161; of pecu-
Rorticsof fo{‘ulgw in trees, . 862; aifects
of, in varieties of the eabbage, i. 525.
NSANTTY, inheritance of, ii. 7, 7
Inskors, Tegeneration of lost’ parts in, ii,
15, 204 agency of in fecundation’ of
larkspurs,ii. 21 effeot of changed con-
ditons upon, 5. 157 stertle neuter, i,




INSTINOTS.

1!6 187

Tns mm, defective, of silloworms, i. 304,

INTERBREEDLNG, close, 11 effects of i. 114-
131,175,

INTEROROSSING, of specics, 0s & cause of

Hon, 1188 matusal, of plants, i
of species qunmdm ‘and breeds of
dog, i 313 omestic and wild
4445 ; of breeds of pigs 1. 7L,
o ofmttle 83; of varietics of cab-

bage, 3 of peas, i. 526,
of vari ofmnge, ies
of strawberries, i. 351-3! uour-

Dita, 1. 357-338 ; of Svaig e
864; of pansics, i. 308.
Plas bl o outs, 102
INTERMARRIAGES, close, i,
Tnrestives, clongation of, . plg!, 1.78;
muuve ‘neasurements of parts of, in
102; effects o( chmged it

oats,
o, i, 302
Tpomaa purpurea,
Tievaxp, romaing of Ba: frontosus and
longifrons found
Tnis, hereditary lbscnce of the, ii. 9
horeditary colour of the,
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KIDNEY,

gunftlike varity of tho goldfish, i.

97.

Jenpoy, J. C., number of eggs laid by the
Pﬁ) 112; origin of domestic

Jmm, e fsecen cobaen of 1. 120
m 1, 594,

Severina; Hangarian sheep-dogs, i, 24;
crossing o domestc and wild cafs,i. 44.

Jom, King, importation of stallions from
Flanders by, ii. 208.

Jouxsox, D., occurrence of stripes on
young wild pigs in India, i. 76.

Tomoax, A, on Vibarts experiments on
the vine, i. 832; origin of varieties of

the sppll L 350 varicties of pears
woods,

ohi
Joax oi Nova, wild dogs on, i. 27

Juax Fenxaxnez, dumb dogs on, i. 27
Juglans regia, 1. 556-857.

Joss, Prot, origin of the Newfoundland

dog, i.
Juum, nisias, carly domestication of
pigs in China, i, 63, antiquity of the
of the silk-

10.
lmsu, ancient, selection practised by the,
i, 208,

lm pl,rlod in Burope, dog of, i.
SL.ANDS, occanic, scarcity of k. pmu

1
Isua¥, pigeons of, 1. 168
TSQLATION, cffect of,in favour of selection,

Im'.x. vine wmg in, during the
eriod, .

I\t, mn iy o, in e north of Burope,

Jack, Mr, eficot of foreign pollen on

Tybrids of, with

dog,
A pson 1154 0
Jscaupuer-BoxEvan, on the mulbery,

o with crooked egs,
dogs of, .ofza fen.l pigs

JavAN, horses

JaraxEsE pig (ﬂgllred),L 6.

Jaupixg, Sir W., crossing of domestic and
wild cats, . 44.

n!k orm in the Sandwich

Jeaney BUTTON, i.
Jexvas, L, il of gonders, i. 288;

<

China,
JUMPERS, & brecd of fowls, i. 230.
Justren, variations of the, i. 361, 304,

o pappus in

Carthamus, ii. 316.

s leuh, reversion in, . 82,
SK. p:gmn. i 142,

B
e b on maise, . 922, i 807
troduction_of wheat into Canada,
315; sterility of trees growing in
marshes and dense woods, it. 170.

K Lotan, tumbler pigeon, . 151
Kaob n Fsquimsux dogs, 1. 21.
Kanazoor sheey, i, 98.

Kaneex, on inheritance in the horse,
ii. 10.

« K amreurrey Taube,” i. 156.

Kanstex on Pules pmdnuu, i, 275,

Karrywan horses, i,

in Galechdolon

Keeuey, R.
Ko on the culture of Alpine plants,
l

luteu, ii. 59.
b1, breeding in captivity, ii. 154.
e i 4L
K, llection of @ variety of rico
by,
Kuus,
Kmn,onthsu bird, 1. 77, ii. 275.
ipsEy Bex, i 871; varicties of, il
256, 27
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Kimyes, compensatory development, of |
the, ii. 800; fusion of the, ii. 341;
shape ol in birds, ifluenced by the
form of the pelvis, ii.

Kix, Col., H RS
from the Orkneys, i. 184, 185.

Kixe, P. 8, on the Dingo, i. 21, 28.

Ky and Spence, on the growth of
galls, ii. 285,

Kmcmsiax sheep, i. 9.

Kur, breeding in captivity, ii. 154,

Kuene, varinbility of bees, 1. 298.

Kxionr, Andrew, on crossing horses of
different breeds, i. 51; crossing varie-
ties of peas, i 326, i, 129; persistency

icties origin of

the peach, i. isation of the
morello by the kiton chery, i, 847 an
scedling cherries, bit cty of the

apple not attacked by cnccus, i 849;

intercrossing of strawberries, i, 851,

852; brod varicty of the cock's comb,

# bud variation n the cherry and

plum, i. 875; crossing o

purple grapes,
crossng upple, i, 402,

tary disease i ylams,u 11; on inter-
breeding, fi, 116; crossed varieties of
wheat, ii, 180; necessity of intercros
ing in plants, . 175 ; on variation, ii
55, 257 ; offts of grafing, 1.
278 bud-variation in a plum,
compulsory flowering of early pofatoes,
ii. 343; comrelated variation of head
and limbs, i. 323.

Kxox, Mr, breeding of the eaglo owl in
captivity, il. 154,

Koon, degeneracy in the turnip, 1. 325,

KouLrapr, i. 325,

Kgumurss, reversion in ybrids, & 892

di. 36; acquired sterility of crossed
varietics of plants, i. 858, il. 101; ab-

impotence

fextility in Mirabi
velopment of tubers i
ii. 172; inberitance of plasticity, ii.
2L varabilty of Dybiids of Mira-

ollen-gmius necessary for fertilization,
63.

« Knavspscnwr,” i,

Krony, on_the double reproduction of
Meduse, ii. 584,

“ Krorr-TAvBE,” i. 187.

r, on the tusks of feral boars in the

e Indies, i. 77; on French wheat
grown in e Weet Indie i, 307 on
the culture of the vine in the West
Indics i 50,

BURNUN, Adam’s, see Cyhmu Adamis
oe.k-lmvcd. reversion of, dBt lorism
in the, ii. 346; Waterer's,
ACIMANY, on gemmation and nwon, i

Lachnantles tinctoria, i, 227, 386.

oTATION, imperfect, hereditary, 1

deficat;of wild asimals in captivity,
158.

mez islands, cattle of, i. 86.
G, Mr., rescmblance’ of Norwegian

wnd Devonlire et I, 82,
LaKE-DWELLINGS, sheep of,
aatile of, i B shaonssof 1he fond
cultivated plants of, i. 309,
il 42’. 429; cereals of, i. 317-819;
pens fond i, 1. 326; beuds found i,

R e e
North American wolves, i.
B, on Thuja pendula or

Y lchen variiy of Fmgurxa collin,
i. 858,

Lo, L, on dheop in the Faroo islands,
i, 1

La m.m, 7id dogs of, i 27; ferl cat

Lne 4. 570,

Lauksruns, insect agency necessary for
the full fecundation of, i. 21.

Larus argentatus, ii.

Larus tridactylus, ii. 802.

LasrEnyE, werino sheep in  different
countries, i. 9.

LaText charicters, il. 51-56.

Lamuay, on the fowl not breeding in the
extreme north, 161,

Latlyrus, ii. 38.

Latliyrus aphaca, i, 343,

20, 91, 98, 311, 393,
cuk, J. D., on g Cabadian apple
vith dimidicte frit, 1, 599-398,
“Larz-Taves,” i. 164,

Toduetion of a new breed
of fox-houn 40; occurmence of
canines in mares, i. 50; on {hiee-parts-
bred Lorses, i. 54; on inleritance in
the horse, ii. 10-

Lawsas, 2z, varicties of the potato, i.

e Mr, bud-veriation in_the
gooscheny, 1. SIG i o€ arickics




LAYARD.

of the pea, i. 397-398; double-flowered

pcuA ii. 168.
Aup, E. Ly zesemblance of o
a‘.g to the Esquimaux bree:
286 ; crossing of the l.\umx,suc b with
Telis Cafira, i. 44; fernl pigeons in
‘Ascension, i domestic pigeons o
Gerlon, . 206 on Gallus Stanleyi, i.
‘on black-skinned Ceylonese fowls,

fro

Lz Cunn‘z fapily, blindness inherited in,

Lecoa, bud-variation in Mirabilis j
lapa, hybrids of Mirabilis,

159, 265; crossing in plants,
feound.ition of Ponifors, i 13
hvbiid Gladiolus, i ility of
annculus ficar 70, wilosity in
p plants, 1. 2773 Goablo asters i. 3
orEoR, Jo varictios of wheat, i
315 aachmat\sﬂtmnofcxohc whieat
15 iptation of wheat
e cnmm., s sclection of
seed-corn, nge of ml i,
o eostion of wheat, i 200; nuturl
Selection in wheat, il 233; aattls of
23

n the Llama and Alpaca,
i
L, ) M: his early culture of the pansy,

Loia oo
Lerour, period of g‘ iation fn cattle, i

L, o fowls, et of disuse on & 27

272; characters
ducks, i. 281-288; fusion of, i

Lasua, catlo of o Onpo of Good Fopes

Liitaxy, oceurrence of wild double-
flowerod. plants near a hot spring; il

Litomrox, W. A, propagation of o vecp
ing yow

W by see, i
it ot Smoval fonthers,

LEMONNG,

152,
Teworse, variegated Symphytum and

334, 335 ; orange fecundated by

pollen of the 590

Lstoss, bybrid,

‘LiponIoss,

Lieestos, ot et Egyptian dogs,
T+ damestication of pigeous in an
cient Egypt, i. 204

Leptotes, i. 13%.

Lepus glaciali

Lepus magellanicus, .

Lepus nigripes, i. 108.

Tepus tibetanu

TLepus variabil

1112,
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LINOTA.

Leresovser, double monsters of fishes,

Lnsie, on Scoteh wild cattle, . 85.
Tissox, on Lepus magellanious, i. 112.
Lagordur on tho larva of Cecidomyidm,

i. 360,
Luwss, G, cattle of the West Indies, i.
2

Lﬂmumm and Quatrefges,
brses of Cireassia, . 102, 225,

Lugntg, differences in uman mwd ac-
cording to complexion, ii. 276,

Lusneic, occurrence of pigmentary ro-
tinitis in deaf-mutes, ii, 328.

Lionexs, sterility in, ii. 171

Liomressray, Tesemblance of Bosjes-
‘man’s dogs to_ Canis mesomelas, 1. 25
Nowioundlund dog ot the Cape of Good
Hops,

Liwacs, i

Lttxok, confabescence in, fi. 165.

Tiam candidum, i, 157,

Lioos, rogenerstion of, 1 6.377.

Liogsg and bead, oo fitat rvation o, it

e cffot of, upon shells of the mol-
lusca, ii.

Linee tree, changes of by g L 804, 36T,

TLnurratio, sexual, if. 71-

D eaion, sppossd, of ‘eriadon, 1L
416,

on the

sed with the normal form, i,

‘sterility of, ii.

Lm/lrm vulgaris i pummu, Tybrids
. 04,

\ Ligaria, pilorien, in, ii. 58, 61, 316 pe
o

‘ T John, olnaification of varieties
of cabbages, | tho peach,
i.338; influence ot sml on. pm ches and.
Tootarines, i. 340; varicties of the peach
and nectarine, i. 3i3; on the New
Town pippin, i. 319; freedom of tho
Winter Majo apple from cocous, i.

e rodietion of monscious Haut-

B rwberrics by bud-selection, 1.
853; origin af the large tawny neclf»
rine, i. 875 -vunumn in

75
plaits, fi. 115 on doublo flowers,

167 "sooding of ordinarily seedless
fnnts, 1|. 168; sterility of Acorus cala-
. 1705 m\shnce of individual

e
y n.e ummm
in Sweden, |
Laxse

D nmablas, . 168,
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Linum, ii. 165,

Liox, ferility of, incaptvity, ii. 150,

me. feral mbbits of i 115,
GsTON

% ammnis 1
in Africa, i. 308; ph\utmg of fruit-

trees by the Bnmlms . 509; character
of hnlfenstcs i, 40 ming of anitals
among the Taise, S aF selection
pracized in South Africa, i. 207, 209,

Liyivesm , M, disuso acauso of droop-
ng ar, §

Lizaros, mpmduvtmn of il in, i, 201
with a double

LLAMA, selacﬁon of,

LoAvm domestio rabbits at, i uz

ZLoasa, lybrid of two species of,

Tobeli, oversion 1n. hbrids of
contal

ZLobelia, , and syphili-
tica, i,

Logwaiasm, Dr., on Chincse pigeons, 1.

G 274,

Lotseueur Destoa
cultivated plants, §; 507 Mongelinn
varieties of wheat, 1. 313; ters
of th ear in wheat, i. 314 acclimatisa.

vated plants, i 317; adsantogo of
change of soil to plants, ii.

Telium temlentun, variablo pmcnue of
barbs in, i.

Loxe-anin m»e

& Lo'uv," Dol pwwu i. 150,

Lotnox, J. W. ies of khe camoh, .
826 e duration of va of peas,
1529 on thé glandsof peachleatos 1.
813; presence of bloom on_Russian

854; on thc nut tree, i. 357 ;
varieties of the asl 8a0; (nsmgﬂa
Juniper (7. suecion, ;

aaufliun foroz, it virhon
the Scotel fir, i.'563; varietics of the

hawthom, {bid.; variation iu the P
sistency of leaves on the elm and Tur
ish oak, i, 363 Importanco of culti-
ted varieties, ibid.; o
spinosissima, 1. 367; variation of duhe
lins from the sume secd, i. 370; pro.
duction of Provence roses’from sceds o
1noss s 1. 380; offct ot gmmng
the purplelauved upon the eommon
hazel, carly Evergreen Gornigh
variety of th clm, 5. 310,
w, G., on the pigs of the Orknoy
elands, 1. 70

, pedi
origin of e i;g, il u’)m

ng
stinct of a i 28;
inheritanco of qualmes in hones, i

‘houn

race-horses, Arabs, o, 1. 54
brecds of cattle, & 807 wild sattly of
Ohartley, i. 81 effect of abundanco
of food o the size of cattle, 1. 91; effeots

826; on_interbreeding, ii. 116 ; sclec-
tion'in Hereford cattle, i, 214 ; forma-
tion of new breeds, ii. 244; on * sheet-
ed” caitle, ii. 319,
Lows, Mr, on hive bees, 1, 299,
Lowe, Rev. Mr., on the mngo of Pyrus
i 348,

Lozia pyrelula, ii. 1.

Lumsocs, Sir J, develnpmenu of the
Ephemendm i, 3

Lucas, v, eﬂ’ncbz of mbmdmgm the
female, i. 404; hereditary diseases, ii,
7 75 79 hemdlhry afleotions of tho
eye, i, 9-10; inheritance of smomalics
in the human e and in that of |l.|e

1; inheritance of

n in crosing waimals 1 65,
sexual limitations of transmission of
peculiarities, ii. 7278, absorption.of
the minority in crossed races, i, 88;
erossea without blonding of certa

ii. 92; on interbreeding, i, 1163
yariability dependent on_ reproduction,
1,250, period of action of variability, ii.
60; inheritanee of deafiess in cats,
. 329 ; complexion and constitution, it

}3:
Lucaze-Durnrens
of galls, ii. 182 984,
| mel,l mmng of & peach-almond on a

structure and growth




LUTKE.

Like, cats of the Caroline Arohipelago,
i 47,

memucn. of vsgefxmvs m‘gnns‘ 'y

causo of sterility in plant
Livoxxer, on the sission ul']\ml. ii. 358,
Lysimae terility of, ii.
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MARTINS,

MasromiaTioNs, xmmmry,
Malva, fertilisation of, i. 402, ii. 363.
Mamestra suasa, ii. 157.

M, varablo in nuber fn e pi I

Lythrum, trimorphio spocics of, i, 400
srum salicaria, i. 183; contabescenco
in, ii. 166.
Lytta_vesicatoria, affecting the kidneys,
. 380,

Magacus, spooie of, ol in upfiiy, i

Mg Lord, improvement of the
English horse, if. 213,
ity of e

MO, Dr., vari
water fishes in India,
MCoy, Prof, on tho dmm).l 26.
Maceatpey, influsnce of soil in pro-
ducing sweet or bitter oranges from tho
same sce, i. 335.
MaoouzivAY, domestiationof the tock
dove, i. 185 feral pizeons in Seotland,
i. 190; number of veribrm in birds, i
565 on wild . 287; number of
cges of wild it taio dadl, 1, 113,
Muczva, Si G, pocaliarvarioly of fhe
potato, i.
Mackeyar, e var i T teta ey

rant, i.
Mwmwom Mr lmrses of the Falkland
lmttln of the Falk-

1and fulands, %

Bkaitaane 1), o inkebrootig catlls
ii. 11

MacNan, Mr, on scedling weeping
birches, ii. 18; non-production of tho
weeping becch by seed, ii. 19.

MADAGASCAR, cats of, i. 47.

Mavpex,H,, ov\mterbreedmwcattle,n 118.

Mavems, rock pigeon of, i,

Magnolia grandifora, i g,

Maize, its unity of origin, i. 320; anti-
quity of, ibid.; with husked grains said
fo grow wild, ibid. ; variation of, i. 821 ;
irregularitie in the flowers of, i. 821
peralsmme of varieties, bt
tion of to climate, i. 2,
memmn of, ii. 313, 347 cross 3
i. 400, ii. 104-105; extinct Peruvian
yarloties or i, 425,

MaLAY fow] zz

Mazax Archipelago, of, i 53;
short tailed cas o, 1 it smpod yuung
wild pigs of, 1. 76; ducks of, i. 280,

Muve, influence of, on the fecundated
female, i, 397406} supposed influenco
of, on offspring,

Mk flowers, appearance of, among
Temale flowers in maize, i

74; rudimentary, oc dove-
cows, i. 87 ii. 817; four
prosent in some sheop, 1. 95 variablo

in number in rabbits, 5 latent
functions of, in male animals, ii. 52,
817; supernumerar, inguinal, in
women, ii. 57,
Mavores,

heartscase, ii. 305.

Marsir, Mr, taming of birds by the
New Zialnons. i, 161,

estio fowl noticed in the In-
N entn oy 24,

Mo, ciict of, on the fertility of
plants, i

MANx cats, i. %,

Mances, do Serros, femmy of the ostrich,
. 156.

Mancaxys islands, varieties of Pandanus
in, i 256,

M, Gervaso, on rabbits 1. 104, i

mnual varieties of the

204,
Magxiton, probably one of the parents of
the goat, i. 101.
MARQUAND, cattle of the channel islands,
i. 80.

Mummn, inheritance in the horse,

Migaow, vogolubie, 1. 857,

Mg, Cupt, brooding of amos in
Kentucky, ii. 23

Maspey, notice ot Gatus giganteus, .

Marsuarl, Mr., voluntary solection
pasture by sheep, i. 96; adaptation of

Leworifh oy 816

85
gregation of herds of i, 1037
advantage of clangs of soil to rheak
and potatoes, ii.
change in (e horns o ttle i 3107
sheep in

Marsiarz, Prof., gmwlh of the brain in
microcephalous idiots, . 380

Manrexs, E. Von, on Achatinelia, i 53.

M, W. 0. T, origin of the dog, &,

gs, 1. 18; barking of

2 ieemats Ttoge dog . 275 African

Tounds in the Tower mensgerie, i. 32;

on dun horses and dappled asses, i. 53

breeds of the horse, i. 49; wild horscs,
i 5 ian breods of asses, i. 62

snses without stripes, i. 63 effects of
cross-breeding on the female in dogs,
i. 404; striped logs of mules, i, 42.
Mrr, defective instinets of silioworms,

Muﬂu&. 0, fruit trees of Stockholm, ii.
307
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MAsON.

MAsoN‘ W., bud-variation in tho ash, 1. |

g Dr,, reversion in tho spiral-
leaved weeping willow, 1. 383; on
peloric flowers, ii. 58; pelorism in

persistence of varieties of

Teproduction of colour in
Bvacinthe, 5 307 on hollvhodks, i
107; selcction of peas f i
199900; on_ Qpuntia Toucotricha,
286;  the termiual pea in

oty
Masrirr, suupmml o an Aseyrian mo-
zument, i 5 Tibetan, i. 35-

i, 278,

nhrmzws, Patrick, on forest trees, ii.

Mmtlhmla annua, i
Matthiola incana, 5.

tho Pyronco, 1
. M. crossed varieties of wheat, i,

MvrinTos, axiom of “last action,”
i 12,
M.mr.mm importation of goats into, i.

TR
and flowers in pel

o eomlmhon of contracted leaves
argoniums, . 330,

331,
Mawy, fertility of Brassica rapa, i, 165,
Mazillaria, self-fertilised mpsulos of, i,

134; number of seeds in, ii. 379,
Mmuam e fertilisation of, by

mm M self-impotence in Amaryllis

Muae | e ober of digits, ii. 13;
correlation of abnormal museles in the
leg and arm, ii. 322,

(epvs, development of, ii. 308, 384,

Mugiax, Mr., comparison of European
and Amen( an trees, ii. 281,

Muroxs, i 359-360; mongrcl suppased
e produced from
BJI crossing nl'

culture
275 scxpent correla-

hanges i

0; analogous

tion of variations in,
variations in, ii. 34¢

MespraxEs, false, ii. 204-295,

Méxérnies, on the stomach of Striz
grallaria, ii. 3

Mo, tubormls,r, inherited, ii, 78.

Mrrmoumo 1, ii. B6¢

INDEX.

MOQUIN-TANDON

Mznuomosu and dere development, i. 388,

M_rmuxx, on the supposed species of
whear., 812-3]

813, variation of maize, i.
B 512 sulivation o
maize in Europe, i. 822, ii. 347; on
cabboges, i, 595,925 esclimatition
of Spunish wheat in Germany, ii. 26;
ldvaumge of cliange of sail {0’ plants,
146 254; eulivation of
f wheat, ii. 2
Mextoo, dog from, with e spou on the
eves, 1,20, colours of feral orses i,

Mﬂvxy, on sending of bananas, ii. 168,
Mick, grey and white, (golours of, not
blended by crossing, i, 92; rejection
of bitter almonds by, i. G, Dalked,

roan-coloured feral horses
i. 61; origin of domestio
on'raising peaches from

MILHA( x, F,
of Mexico,

Mrcugt, r, sele('tlon of horses in modie-
val time
acoou

rpillars,
ii. 280} on Bombyz hesperus, 1,
AL

Micropmr; uswcluleﬂ with defec-
tive teeth, ii. 3:

Mivouvs, Danian, semains of dogs in, i.
18, ii. 427,

anonm, 237, 311,

Mivier, i,

Mitss, 3, Sisnishod  fetility of mares
when first tumed out to i 161

Muxe-Epwarps, on the development of
the crustacea, ii.

MiLNe-Epwarps, A
ith  monsrous 5e-peduncle, oL

Milous niger, ii.

Ml btew, i s,

Mrvon, » gemmation and fission in
the A'Il lld i |

Mir

393,
is longiflora, ii. 88.
Mirabilis vulgaris, i. 5. 4
Misocampus and Cecidomyia, i. 5.
Mrronevs, Dr. effocts of the poison of
tho mmmke i 289,
Mrrroro, Mr.

of the breeding of
ric htlmmns, i, 202,
Court, weeping oak at, ii. 18,
Mooromp, horses poisoned by fool's par-
sley,
Moum, L, effets of food on inseats, il

2 8

TANDON, original form of maize,
T aw, variefy of the double colume
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MUSK.

blne, i 365 pelm'm flowers, ii. 58-59,
as 8 cause of pelorism in

3 positi
bl
flowers to become
monutlvsml‘s. il
the axis and appendages of plants, ii.
821; fusion of homologous parts in
plants, ii. 339, 341-342; on o bean
‘with monstrous stipules and_abortive
leaflets, ii. 348 ; conversion of parts of
fowers, . 302,

Moxe, white, i. 33

Mot and Gayot, o cattle . 80, . 96,

210.

Motwusea, change in shells of, i, 280.
Moxie, Lady, culture of the pausy by, i.
Mowkeys, rarely fortlo in capivity, il
Movl:n.m, dentity of summer and winter
MoxsTeR, ¢ clnpelm i, 841

Moxerass, doubles

0.
MoxeTRossTTeS, ocentzence of, in domestl-
cated animals and cultivated plants, i.

866, ii. 254 ; due dstence of em-
bryonic conditions, i 57; occurring by
xovemion, i 57-60; a cuise of sterlity,
i, 166-167; ca y injury to
embryo, ii. 269.

MoxTeGazza, growth of a cock’s-spur in-

serted into the eye of an ox, ii. 369.
M e E, formation of cells, ii.
370.

deterioration of the horse in
3.

Kaschmir, ii. 275 varictics

of the apricot cultivated in Ladakh, i.
845 varieties of the waluut cultivated
in Kaschmir, . 336.

Mook, Mr., on breeds of pigeons, i. 148,
156,208, 200, 211, +

Mook, femm¥ of in captviy, i 130,

rio, d nish Middens,
the b

187 s]\eep sod G ot

205.

Mcmww, C, on yulonsm. ; in Cal-
ceolaria, ii. 346 mm«)mmdenm
oubl flovers and variegated leaves,

=l breeding of the Kestrel in
capkwlly, i, 154,
, Lord, effect of fecundation by a
qua,zgn on an Arab mare, i. 40340,
Dr., origin of the “dog, 1. 16;
Ty ot mbm and mare, ii. 42,
Morus alba, i.
VOL. II.

Moscow, oo of, i. 106, 120 effects

Moss-nost, probablo origin of, from Rosa
centifulia, i. 979 ; Provence roses pro-
duced from seeds'of, &

Mosro, Cada, on the i
Tabbits into Porto Santo, 1. 113.

Mo of fruits and flowers, 1. 400

Motwstam, .94,

pheasant in eaptivity, ii.
Mownnay, Mr. reciprocal fecundation
of Passiflora and racemosa, ii.
187.
MuraTros, character of, . 46.
MuLsEray, i. 834, ii. 2
Mgue and’ hinay, differences in the, ii.

42 nhsu-

67-6

Mo striped colouring of,
nacy of, ii. 45; production of,
the Romans, 1i. 110; notieed in e
Bible, ii. 202,

Movas, Fritz, reproduction of orehids,
ji, 184185 development of crustacea,

36 ber of seeds in o maxil-

laria, i, 370
MéLLER, H fon the face and teeth in
. 345,

dogs, 1. 34, 73,

Minan, 3, production of imperfect nails

sfer puxllnl amputation of the fingers,
adency to variation, ii. 252;

f tho optio nerve consequent

o the ey 11 201 o

Stesof the e, .

Mosen, Max, antiquity & .gmuum,
i, 243,

Movmwricrry of oigin of pigeons, hypo-
theses of, discussed, i.

Moz, ¥, on Niata i

Mvnno, R on the fertilisation n! orchids,

‘Teproduction of Passiflora alata,

i l
s Momasa” pigeon, &

iy Hpe
ot prodiibl y eleotion, i
s alezandrinua, .

e mians Gittemsi s Caom~

ture of the ey

dishii, i. 377.
Muscari Mmomm, ii. 185, 816.
Muscues, effects of use on, ii. 207.
Mons Sk, ol hybeid of, with the
common duck, i.

2=



466

MUSHON.

INDEX.

NIATA,

Mussow, female, sometimes hornless, i, 95.
Morwations, inheritance or non-inherit:
ance of, ii. 22-24, 397.
¥arT, 0n @ five-leaved variety of the
strawberry, i. 333,
Myorra, hereditary, ii. 8.
Mymiarona, mgemmuan of lost parts in,
i, 15, 294,

Nats, growing on stumps of fingers, i

i of, ii. 358.
Niataqvas, catlo of the, 1. 88, . 207.
Narcrssus, double, becoming single in poor

" the anm»nmn of native

Nisus, sty ofy Jn mpumy, i 152,

“Natas,” or Niatas, a South American
breed of cattle, i. §9-91.

Namsios, H. von, on the pigs of the

Swiss lake-dwellings, i. 68; on the
; convergence of

igs, 1. 78, ii.

241; causes of elmnm in the form of
s in

12,1, 78; chango

ects of

pig, 9;

ig, i, 74;

the juw fn pigs i 70;

; period of gesta-

97; on Niata cscﬂe, 5

cattle, i, 118; on

. unconscious
i e and pigs, 1. 214
vsmblhty of highly selected races,

Naro, P., on the Bizzaria orange, i. 391.
NATURAL selection, its general principles,
1214

Nirtas, sense in which the ferm is
employed, i. 6.
Navory, supposed rules of transmission in
crossing plants, ii. 68; on the nature of
48-49; 'essences of the
s in hiybrids, 1i. 386, 401; rever-
ion of hybrids, ii. 36, 49-50; rever-
ion in flowers by stripes and blotches,
ii. 37; hybrids of Linaria vulgaris and
pu'r]mreu ii, 94; pelorism in Linaria,
ii. 58, 346; crossing of pelorie Linaria

with the normal 70; variability
in Datura, ii. 266; hybrids of Datura
lavis and stramonium, i. 392; prepo-

tency of transmission of Datura stramo-
mium when orossed, .67, on the pllen
of Mirabilis and of hybrids, ; fer-

tillisation of Mirabilis, ii. ssing
of Chamerops laumiliaand thedate palm,
i.899; cultivated Cucurbitace, 1. 3

Nevratora, hereditary,

08, rudimentury tendrils

guun‘h i 3!6 dwarf Cucu

330; ion_between_ the sizo and

mzmber o e frit i ucartnia pege,

313; analogous variation in

b i 9; acclimatisation of Cu-

Curbitages, i, 313; prodnction. of Sruit
by sterile hiybrid Cucurbitaces, i. 172
on the melon, i. 360, ii. 108, 275; in-

capacity of the cucuber to cross with
other species, i. 359.

NECTARIN, i. 336-344; do from the
peach, i.’ 337, 330-342; hyhnd.i of, 1.
389; persistency of characters in seed-
ling, i. 340; origin of, Did.; produced
on peach tr 340-341; producing
peathes, i.341: varition in,  $12-343;
Dud-variaton fn, 1. 874; gluds in the
leaves of the, . analogous varia:

i ations of, in pansics, . 369,
Nes, on_changes the odour of
i, 14; selec-

7.
ion of Bos

imigenius in the, i.
e of the, distinct from {he
ity ies, 1. 87; domestic goat in
chf'imw? cercals nf “the, i, 317';0'l
NERVE, optie, atrophy o . 2073
Nevumiveas, on the Datoh and. Geman
pouter pigeons, i. 138; on the Jacobin
igeon, i. 154; duplication of themid-
dio fight feather in pigeons, i, 159; on
peculiarly coloured breed of pigeons,
“ Staarhalsige Taube,” 1. 161 ; fertility
of ybrid pigeons . 1
the frumpeter pigeon, ii. 66; period of
porfect plumage. in p|ge0ns, i 77;
advantage of crossing pigeons, ii. 126.

Naw Zearixp, eral s of, 3. 47 culti-
vated plants of,
Newrousooasy dog, ndifcaton o6, fn
England, i.
EWNAN, E, mnhty of Sphingide under
certain condmonvs. ii. 158,

3 f sexual di
s in the Columbidm 1. 102; pro-
o e “bluhhauldeml" pea-
hen among the ordinary kind, i. 291;
on ybrid gucks, 5, 157
Noar, Lake, catle o, 1. §8.
“Nuta” catle, 1. 89-91; resemblance of




NICARD.
" to Sivatlerium, 1. prepnfency il
transmission ormmm by, il. 66,
“Nicarp” rabbit, i.

1cnoLsoN, Dr., on e eataof Antigua, i.

45 - the sheep of Antigua, 1. 98,

., crossing of varieties and species

"of i, 108; prepotency of tmasmiion
of characters in species of, i
fabescenco of famals organs bk 166,

Nicotiana glutinosa, ii. 108,

Niepum, on the heredity of mental eha-
Tacteristics in some Roman familics,
ii. 65,

NiGHT-pLINDNESS, non-reversion 4o, ii. 36.

NiLssox, Prof., on the barking of a young
Wolf, i. 27; parentage of European
breeds of cattle, i, 80, 81; on Bos
frontosus in Scania, i.

Nixp, Mr., on the dingo, i. 89.

s fommativas” . 208, 5 353, 855,

Nurzscu, on the absence of the oil-gland

1 certain Columbee, i. 1
HEKITANCE, ChSes of,
“ Noxxarx” pigeon, i. 154,
Ay, dogs of Awhasie,

Nowwxor, pigs of ith, uppmdig@
under the jaw, i. 7

Nomwar, stiped ])omes of,

Nove and Gliddon, on e (mgm of the
dog, i. 16; mastiff represented on an

.Nymn mmb . 17; on Eeypian

dogs, 1,185 dog,

INDEX.

OcLe, W., resemblance nf twins, ii.
Or-GLAXD, absence of, in funtail ity

Oplirys WIM-

ommsm. e

ovisTITr. 467

Oprrety, Mr., estimation of European

dogs smong the matives of Australia,
215.

o..zmm sock affcted by grafting in

the,

Otums, Dx insertion of the periosteum

fa dog beneath the skin of a rabbit,

Dnmdmm. reproduction of, ii. 133-135,

Oruous, erossing o, il 90; white Tsble
disease, ii

tacks of fungi and
self -fertilisation of, ii.

91 formation of pﬁllen by a petal in,

" 508 voration
o North Tialy, i, 236 peculiar
icty of, . 3913 Disaari, i 891;
trifacial, ibi

o, repruduchon of, . 402, 403 ii.
183-15;

Onror, Loni, crosing greyhound vith

e bulldo,

13.

Myzm. 135,
NovnsintiN, excess of, a cause of vari-
ability, i

Noamus, importance of, in selection, ii.

Numida ptilorhyncha, the original of the
o,
o pigoon, 1553 Tnown to Aldrovandi,

Nm'mm tree, ii. 287.

Oax, woeping, i 361 . 16, A1; pym-
‘midal, i Hessian, 1. 361
leaved, i. 363 varition tn penmtency
o leaves of . 363; valueless s timber
at the Cape of Good Hop
changes in, dependent on Foga. i S
galls of the, ii. 2

Oxrs, wild, i, 813; in the Swiss lake-
dwellings,i. 319,

OpErLy, ehimge of soil beneficial to the
‘potato, ii. 146.

Opnr, Count, varietics of the vine, i.
533, ii. 278; bud-variation in the vine,

i. 375.
Opoun and colour, correlation of, . 325.
@eidium, i

GEntlera jennis, bud - variation in, i.

Ontovr, assumption. of T

in, i. 8.
Onmia,  Tutimentsey: andl abiried il

315818 ; multiplication of abnormal,
u 891,

plumsge by &
‘male'in confinement, ii

Oy slands, pigs o, 7oy ‘pigeons of,
184

Omuomlm, regeneration of hind legs in
294,

the, ii

Orthosia munda, i.

Oxrox, R., on the efrecm of eross-breeding.
on the female, i. 404; on the Manx

i, 60; on ‘mongrels from the silk-
fow, ii.

OspoRNE, D, inherléd motling of tho

iris, i

Osenry, preying on Black-fowls, i. 230.
Ostex-Sackey, Baron, on. American oale

charncters of pigs, i. 66,
o7, T4 of T 115-130; of
. 162-167; of ducks, i. 282-

Osraion, diminished fertility of the, in

capivity, il

OsrvAxs, slection of dogs by the, ii. 206.
Orre, if, 151.

Orren” shoep of Massuchuscts . 100.
O, feral humped caf

Ouistim, breed in Europe, i, i
2H2
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“ovARY.

INDEX.

PATAGONIAN.

ation of, in Cucurbita. mos-
development. of, inde-
pondontly o  pollen .4

is montana, i. 9.
Ovezss and bud, identity of nature of, i

oy , Capt,, on stifi-haired cats at Mom-
. 46,

Ovary, vur
chat

Owey, Prof. R, palsontological evidenco

as to the nngi“ of dogs, ;on
on ho akull of the
1. 89, 90; on fossil re-
mains of rabbits, i. 104; on the signifi-
ceance of the bmlll, i 124 on the num-
ber of digits in the Ichthyopterygin, i.
16; on metagenesis, if. 366 ; theory of ro-
production and parthenogenesis, fi. 375.
0w, engle, bmedmg in captivity,
- 148 Adrio, figured, i.

735, . 209,

Oxalis rosea, 1. 132

¥, Mr., on the hutmeg tree, ii. 257,

Oxsrens, differences in the shells of, ii.
280,

Paci serlty of the, i confnement,

itk pigs of the, i.
Pavua, carlicst known flower gaxden at,

PanvAN fowl of Aldrovandi, 1. 247,

Pulmlu ‘moutan, ii.

Poxy, tree, et sttt of, in
‘Chir, . 205,

Pawras, feral caitle on the, 1. 85.

Pandanns, i, 256,

s,
Paxcexgsis, hypothesis of, i
e it a2 food 1. 800
found in the Swiss hke-dwellmgs, i

Py, 1. 358.970

Pavrus, abortion of the, in Carthamus, i.
316.

Pager, on the Hungurian sheep dog, 1.

e e i cer, i, 7;
hereditary clongation of hairs in’ the
eyebrow, ii. 8; period ohnhe

ng - i
the repuration of bones, ibid. gmwm
near inflamed surfaces_or
fractures, ii.

fulse membranes,

tion upon the sterility of intercrossed

Ipine plants in gard
163 sechuon of white-tailed yaks, i,

Pumdoxmw, sterility of species of, in
captivity, ii. 151.
ARAGUAY, cats of, 1. 46; cattlo of, . 89;
horses of, ii. 102; dogs of, ii. 102
Blackkiined - domestic fowl of, 1.

of,
Parasrrss, liability to Sass of, de-
‘pendent on colour, ii. 228.
Pttt dog, with crooked logn 17 ro-
sembling the Indian wolf,
Amser, inheritance of han: i 6.
Patem, W, K, number of vertebrm in
fowls, 1. 266,
Pamissox, Mr, varieties of the hyacinth,

PAmm, mumm, on Columba guinea,

s ces_in the nidifi-
cation of pxgeons, . 178; on white
‘pigeons, ii

Parxors, general sterility of, in confine-
ment, 1195 alteration of “plumage of,
i, 280.

Pasewt, reversion in, il 81 fnfiuenco of
sclection on, ii. 201 ; experiments on,
ii. 277 ; wild, enlargement of Toofs of,
by cultivation, .

PARTHENOGENESIS, ii. 359, 364,

Pantnmos, storlity of, n captivity,

5.
Pasrommion, diffeult, herditar, . 8.
Purus major,

Paseifors, s mpn nce in_ species of,

7-138 ; contabescence of femald

nrgnns in
i

bic of the
Kidney, ii. sod sk in disenss
of supra-renal capeules,i. 5513 unity

of growth and_gemmation, ii. 859
mdepandcnce of the elements of the
ii. 369 ; affinity of the tissues for

Mool crgask sabanten, 1
Pavias, on the influence of domestica-

66.
ta, fertility of, when grafted,
ii. 188.
r.mm and climate, duptation of breods
eep o,

peculiarities in the hair

, erania of pigs from, i. 7.
PATAGONIAN rabbit, i. 105,
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Pazaos, T, o the ‘Arrindy sill mofh, | of by sclection, i, 216; scorching of
ii. 306.

numbers of, rised fr

235 elfeots of conditions of 1ifo o
27-! stove-variety of, ii. 811; (‘A)rre
of contracted leaves and flowers in,
31

Pavs, W, on the hyncinth, 1. 57
varotos of pelargoniums, . 378 ime
provement of pelargoninms, ii. 216.

Pavo eristatus and muticus, hybrids of, i.
290.

Mmg.mm fulgidum, conditions of fer-

Favo nigripemnis 1. 20991,
\voDOTTE: C Pmm." 4 Columbian breed of cattle,

i. 88,

Prionto flowers fendmey o of o soquire
tho normal form, fertility or
Sterility of, i 166-167

Prtomo races of Glozinia speciosa and
Antirrhimm majus, i.365.

Prrowsy, ii. 5860, 315-346.

PeLvis, characters of, in rubblts, i 122-
123 in pigeons L 100; in fowls i. 268
n ducks,

Prumrok o1tile, i

PENDULOUS trees,
tainty of transmission of

Paoux ducks. 280, m hybrid of the,

the Egyptian £00s¢, i-

Poovar, pzodnchon of wolf-like curs at

Fochabers, i. 57; on u.e Duke of

variation in, i.
sarition by selection in . 218 poct-
Tiar disease of the, i Jands on
the leaves of the, fi. anhquny of
the, ii. 308; inereased Sauliness of e,
id varistesof, adapted for foreing,
i, 310; yellow-fleshed, liable to certain
diseases, i g

Practtiio

'EAFOWL, origin of, i. 200 ; japanned or
blauk shouldered, i zua 201; feral, in

Queensberry’s wild cattl
A o frtitty | Pennistum, cods of, ied 4 food in the
ofin wild and. oo statc, 1. 112,285 |  Punjab,
white, i Pty ki seeds of, used as

30 ; bud-
uilmg, i, 81

Px:us, food in Central Africa, i. 308,
Perorvar, Mr., on inheritance in horses,

.10, horn-like processes in horses,

o, in Pliny’s 215: wintor
nelis, attacked hy aphides, it 231 soft-
burked yuritis of aticked by wood-
boring beetles, ii. 231 ; ori Sgingtion, of
good varicties o( o woods, 1. 200
Telle, resistance rost, . 30

Pras ], 526.850+ origin of,8206; varicties

of, 326-329, found in Swiss lake-dwell-

526-329; fruit and

oty rubra, occasional fertlity o, in
15¢

m of causes of variability,

L. 269.
Pamioemso of & dog, producing bone in
a rabbit, ii.
PrmwINKLE, mmny of, in England, ii.
7

an, estimation of plglm:lx m, i.205;
carrier pigeon_of, i. 141; tambler
L 454T;

pigeon o 1505 cats of, i
Sheep of, 1, 4.

Persica inormediay i. 3
PrussTeNc of colour m Torses, i. 50; of

terminal seed i ;
Procany, breeding of the, in s captivity, i

Proeuees of horses, cattle, greyhounds, 7
imentary, in cnluvllaﬂ plants,

6; producing pollen, i

ms, multiple. origin of, s

] foered, ii. 167.

acocheerus
Plalznopsis, pelorism
PHALANGES, deﬂmm:y o, 1,73,
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Pros.

aps cha 49,
Phaseolus mnﬁwu i
Plaseolus valgaris, i,
Phasianus pictus, i. 275.
Phasianus Amhersiie, 5. 275.
Puzasass, assumption of malo plumago

by the hen, ii. 51 ; wildness of hybrids

of, with. tho comimon fowl, i, 45,

potency of the, over the fowl,
diminished. fecundity of the,

re-

cap-
tivity, ii. 15:
Paeasixs, golden and Lady Amherst's,
i. 275,

Pumasiorerowts, i

Pumresvx, re(,encmtlon of limbs in the
salamander, ii.

PHILIPPAR, on the v;\nehex of wheat, i.

Pamerse Tslands, amad. Luseda of
game fowl in the,'i. 2
Pﬂxu.ws, Mr (o0 B vagia s e

Pitin Dot astition by suckers in, i
Pamists, affeotion of the fingers
332,

PiokERiNG, Mr,, on the grunting voice
of humped cattle, . 70; ocourrence of
the head of & fowl in an ancient

Prorer, A, oriental names of the pigeon,

Piote, Prof, griginof the dog, .15 on
fossil oxen,

Pummatos, probably duo to roversion, i,

rmmx, hybrids of the hare and rabbit,
152,

Pmmw  cravate, i

x Polon

Preroxy Rommn,l uz 144,

Prcroy tambow 5

Praroy Ture, i L

Piaroxs, origin of i 131134, 180-204;
classified table of breeds of, i. 136

i, 157-158; mdlvldun.l variations of, 1.
158-160; 'variability of - peculiarifies
characteristic_of breeds in, i. 161;
sexual wucabliy n, L. 101-162; osteo-
logy ok, 12 mclafion of
growth 7 1, ; young
G e v ol
1. 170, ii. 332; effects of disuse in, i.
172-177; settling and roosting in trces,
1181, flating in tho Nile o dxmk i
181; Dovecof, i.
for unity of origin nl' 168504 Tomd
in various places, i. 190, ii. 33; unity
of coloration in, i. 195-197; xoversion
of mongrel, to coloration of, C. liv
197:203 ; Kistory of the cultivation of,
i. 205-207; history of the principal
mees of i, 307-212 mode of production
of races of, i. 212-224;
29, 47; by age, ii. 33; produced by
crossing in, ii. 40, 48; prepotency of
trmsion of chiracter in breeds of,
66-67; sexual differences in some
aricties 'of, ii. 74; period of perfect
p\lmxge g i, 77 o fect of segregation
o, ii. 86; preferent pairing of, within
the same breed, ii. 103; fertility of, in-
creased by domestication, ii, 112, 155;
effeots of interbreeding and necessity
of crossing, 125126 indifference of,

mconscious select
214; fueility of selection of, i
white, liable to the attacks

first male upon the subsequent progeny
of the female, i. 405 ; homoleoy of the
leg and wing feathers in, ii. 323;

uter toes in foather-
; correlation of bealk, limbs,
324; analo”

us variation in, ii. 349-850; perma-
nence of breeds of, ji. 429,

P1as, of Swiss lake-dwellings, i. 67-68;

types of, derived from Sus serofa and
Sus indica, i 66457 Japaneus (Bus
of

i =
P islands, i, 70,u 31 i

tioma of akull i, 1. 71-73; lengit of
intestines in, 1. 73, o5 period of

dnd ribs in, £ 74 anomalous forms, i
56; dovelopment_of tusks and
bnsllcu in, i. 76; striped young of, i.
1 sovicsion of fml o wild type,

7; production and

nhanges of breeds of, by intercrossing,
78; effects produced by the first
nals ‘spoa o pubssment RV
the female, i. 404; two-legged race of,




PIMENTA.

breeding in,

seleetion on,

certain colours m,

unconscious selection of, i

Virginian, ii. 227, 336 slmﬂnnty of the
: e of form

S L

PruERNEL,

INE-APPLE, S wnmy and variability of the,
. 262,

Pug, Olin

P, tudovati ation in, i. 881 ; improve-
ment of, ii. 216.

Pinus pumilio, Mughus, and nana, vatie-
tios of P. eyloestrin |, 43,

Pinus sylvestris, i. 563, i
iy B migricans, i

810; hybrids

Prorry, on bereditary dmase. i1
8.
Pistacia lentiseus, ii.

Puus, rndlm\,nmry, T ltivated plants,

i. 316.

Pwm& terility of some. mnng(el pwoons,
3.12; fortility of pigeons, . 112

Pisum arvense and sativun, i

Prrvauasis versicolor, s i

.

Praxcros, Gi, on o fossil vine, i. 332;
sterility_of Junm grandifiora in
France, ii. 170.

‘Prax tree, varicty of the, i. 362.
PLANTIGRADE carnivora, geneml sterility
he, in captivity, ii.

PrLANTS, progress of (cnlnvm:um of, i ‘aos—

INDEX.
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T
ross- | variation by selection, in useful parts

of, i, 217:219 ;, varinbility of, i 387
variability of, induced by crossing, ii.
265; direet Setion of chango of climats
77; changs of period of vogea-

3 , suit-

Puica polonica, ‘
Puayy, on the umng cof shepherﬂ s dogs
with the wolf i 247 Dreed
of cattle, i. 2 e estimation of
pigeons among the Romans, i. 2053

pears deseribed by, ii. 215.

Puow, i. 345-347; stones
Varieties of the, . 845346
bud-variation in the, i. 37
disease of the, il. 227; flower-bud
destroyed ; pur-

plefeted, ‘liable to certain diseases,

Pu-ymez, inherted peculiarities of, in
pigeons, 1 pecu-
Bt o s,
o of mecs Pouchet's

ews on,

Pou, sceds of, used as food, . 808 ; specios
of, propagated by bulblets, i
Pomu.m catile, i. 80.
o 42 crossed

‘madificatior

Pors sans parchemin, ii Lo

Bommss, origin of Cytious Adami,i,390;
origin of cultivated varieties of fruit-
trees, ii.

Pousu fowl, 1. 227, 250, 254, 20027,
262; skull figure ; section of
St Bgared. 1, 268 developmnc of
poiuberanco of skull, i. 250; fureula
Tigured, i, 268.

Porisr, o Himalayan rabbit,

Porues, il 363-36¢; action of,

pro;
812, cultivated, their
§ crossing of, ii. 98, 99,
wild and

conditions, ii. 163-165; from contal

Somce of anthers, if. 165-166; from mon-
strostios i 166,167 frora “doubling of
the flowers, ii. 167-168; from scedless
fruit, ii. 168; flom excessive ds
ment of vegelative orgons

influence of selection on, ii. 199-201;

é

131,

mee of, to injurious_freat-
ont, . 164 prepotency of, i 18

Poumx,snF mmm,mu of variegated
Teaves in Ballota n 83; on I

POLYDACTYLISN, \nhenfmmc of,
signiioance of i 1617.
Poljplectron, .

Poxies, most frcqu?nt on jeuds and
‘mountains, i. 52; Jayanese, i.
PooL, Col., on striped Indian Darees 1



on the young of Asinus indicus,

5.
TLombardy, i. 361.
6ep16, on Cuban wild dogs, i. 27,

Pam, found in the Swiss lake-dwellings,

817, 819; with the stamens con

verted into P\sblle, i. 865; differences
of the, in different parts of India, ii,
165;  monstrous, forility of, 1. T66;
blacksceded, antiquity of,

Ponovrixe, breeding of, in’ captivity, ii.
152.

Porcurise family, i, 4, 76,

Porphyrio, medmw of a species of, in
captivity, ii.

PoRTAL, 00 & plx'ulu.r hereditary affection
of the eye, ii. 9.

Powro Sante, foral bbits

Potamochaerus penicillatus,

Poruro, i 850-331: bud-variation by
tubers in. the, i. 384-385; ; gyl
of by uiion of half-tubers, i. 39
dividual

n 37;
: advantage of change
i clation of tubers

rility of the in China,

i, 169; varietios of the suited to
felent clm.mws,

Povener, M., his S plurality of

igeons, i 137-130; farcula
figured, i. 167; history of, 207..
Powis, Lord, experiments in
humped and English oattle, i 85, 3, 43
Porsims, M. on graft-hybrid rose, i

Pnumz wolf, i. 22.
Paecoorry of highly-improved breeds, ii.
321,

PREFOTENCY of pollen, ii. 187,
PREPOTENCY of transmission of character,
ii. 65, 174; in the Aust
and somo oman families, i,

in' Y in :
in phm ibid. ;' in a variety of the
pumpkin, ii. 358 ; in the juckal over the
dog, ibid.; in the ass over the horse,
in the pheasant over the fowl,
n the penguin duck over the
hgypun.n go0se, dbid. ; disoussion of the
phenomena of, 69-71.
sascorr, Mr., on the earliost known
Buropean flower-garden, ii, 217,
RESSURE, mechanical, a cause of modifi-
cation, 1i. 344-345.

Prevost and Dumas, on the employment
of soveral spormatazoids o ferilise one
ovule, ii.

Pancn, Mr. vaiations i tho structure of
the feet n horses, i, 50.

POPLAR. INDEX,

QUATREFAGES,

Pucuanp, Dr., on palydactyliam in the

1o, il. 147 on the Lambert family,

nl 77 on an albino negro, i 220; an
Plica

1 doubl, rendered singlo
hy Lnn.plamxuon
Primula, intercrossing of specios of L
m cnnk bescence in, ii. H
365 with coloured calyocs,
sﬁenhty of, i, 166,

Primula sinensis, reciprocally dimarphic,

Primia’ eris, i
Primula vulgaris,
Punxer, M_r. on e inteferossing of straw-

Procyom, stenl\ty of, in captivity, ii. 152,
ProLuricac, increased by domestication,

L1

ProrAcATION, Tupidity of, favourabe to
solection, 11, 297,

Prorozoa, re Feprodction of the, i 376,

Prunus afmeniaca, .

Prunus avium, . 3

Prunus cerasus, . 347, 375.

Prunus dl)muttm, i. 84

Pmmu insititia, i.
Prunus spinosa, i. 34

Prussia, wild horses in, §

PﬂzphmT general swnhty of, in captivity,

anmmx fnwla i. 228,
P 275.

'nskR, Mr. on Cytisus Adami, i. 5

Pusmy, Mr., preforence of hures i
its for common rye,

Porsons and Vertueh, varieties of the
potato, i.

Povis, eifects of foreign pollen on apples,
i. 401; supposed non- -variablity of mo-
notypic genern, i

Pyrrlua vulgaris, i. m assumption of
‘the hen-plumage by the male, in con-
finement, ii. 155,

Pnn(ﬂbs, Lis breed of cattle, ii. 202.

, fustigate Chinese species nf i,

2
Tk acerba, 1. 318.
Lyrus aucuparia, i, 230.

b
Pyrus

Pyrus paradisiaca,
Pyrus pracoa, i, 518,

QuaGaa, effect of fecundation by, on the
subsecquent progeny of a mar, i, 403-

Qum&mm A. de, on the burrowing of




QuERCUS.

o bith o liter, .77 selecton i the
1. 801 developmenl of
Sings m o silkmoth, 1. 308, &.
on varieties of the mulberry,
specal i of ogzo of the sillmothy
i. 197; on diseaso of the sillworm,
238 on
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REVERSION.

Raceof gallinaceous birds on the
Tya, i. 257.
Ranunouius fiearia, ii. 170.
Tumunculus repes, i 168,

in inseos | i 26
891;

Amirice, i1 1'570; on . change In o b
breoling senson of the Egyptian oose
i, 304; fertilis e Teredo, i,
lency to it ty in the best
241 on his “Lourbillon wital”

tence of

the sexual elem
Querous ares 1
robur nnd ymlvmmlul‘a, hybrids
of, i. 130.

Qurxcs, pears grafted on the, ii. 259,

Rapnrrs, domestic, their origin, 1n3-105

am?nntsnmmndAlgena,

of, i. 105-111; Himalaya

Pl Rustian, i. 108-111, ii. 97
feral, 1. 111-115; of Jamaica,

the Falkland islands, i. 112} of P
Sanio, i, 112115, i 108, 20 oezeo.
Togical characters ; dis-

cussion of mmllﬁm&mns in, i 119 130
one-eared, transmission of peculiarity
of, ii. 12; reversion in feral, ii. 83; in
the Himalayan, 1; crossing of
white and coloured Angora, ii. 92; com=
porative fertlity of wild and tame,
111; high-bred, ofter breeders, ii.
121; selection of, ii. 204; white, liable
o destruction, i, 230; effects of disuse
of parts in, ii. 298; skull of, affected
by drooping cars. i 301 length of in-
téstines in, ii. 803; correlation of cars
and skull in, ii.
skull of, i, 350; periosioum of a dog

produciig boue in i, 369
Racs-uonsg, origin of, 1. 54
ion and formation of,

n»tms o
Ravcuxrre, W. 2 ot of climato snd
soil on strawberrics, i. 354; constitu-

i, 367

'RADLKOFER, Tetrogressive lnehmmlphmu
in mosses and alge, ii. 361.

RarLes, Sir Stamford, on the crossing of
Jaraes cattle with Bos sondaicus, ii.

m},;, gm!—hkeﬁ from the Cape of Good
Raschsy, heredity of disenses,

Rave, i. 32
Taphanus & -.mW, 343,
ited, ii. 230.
R with poison
of the, ii. 280.

Rave, stomach of, affected by vegetablo
die, i,
Rawsoy, A., sell impotenee in hybrids of
iy
C(vmpw, E i s
yel\ow colour by all varietie of, maize,

effect of confinement upon the
fertility of fowls m most

climates,

Reep, Mr., atrophy of the limbs of rab-
bits, mmqmm on the destruction of
their nerves, ii

REGENERATION of amputated partsinman,
i, 14; in the human embryo, ii. 15; in
the lower vertebrata, insects, and my-
Tiapod, bid.

Renspeen, individuals recognised by the
TLaplanders, ii. 251

Raostzn early {ivation of the cabbage

Ty the Celts, i. 324.

Reiionx, experiments in crossing Oytisus
purpureus and laburnum, i.
Heation of o Thesium by Bosdium i
28

Rearions, characters of, reproduced in
children, ii.

Rexceen, occurrence of jaguars with
crooked legs in Paraguay, i.17; naked
dogs of Puraguay, 25, 31, 93,102;
foral doga of L Plata, . 27; on the

T, 96; cats of Baraguay, i. 46,

$556, 151 dogs of Paraguay, ii. 87}
foral pigs uf Buenos Ayres, 1. 77; o
wild animals to breed in

vil
aperea i. 162; sterility of
in mpumy, ii. 1533

duced by wild snimals in mph\nty,
Barapuorox, sexvel. and asoxvl,
J61; unity o forms of, ii.
f, to gromil,

Reseda odorata,
s, pu;mu.ry in deaf-mutes, ii.
8

20, T 306, 398
cattle 1.
i




474 REYNIER,
charnoters derived from a provionscros
in.man, dogs, pigeons, pigs, and fowls,
. 84-35; in hybrids, i, 36; by bud.pro-
pagation in plants, ii. 36-38; by ago in
fowls, cattle, &c.,  caused

8t Domingo,
by buds in pinks and earna:
ini doties of

trees’ to-th normal form, 5. 85+ i
variegated leaves of plants, i. 883-38

n plants, i. 409; of eros
Peloric sapdragons, ii. 71 ; analogous
variations due to, ii. 315-351,
Revsme, celection practised by th Celts,
ii. 202203,
Rary, breeding i captivity in
265,
L o7 e a2
lousiz, effect of pollen
of R. Nuttallis upon, 1. 400.
Ruvsaws, ot medicinal when grown in
pingland, i, 274,
iles grossilaria, . 354-856, 376,
Ribes rubrum, i. 376.
Rios number and characters of, in fows,
5267 characters of in ducks, i, 285
st

Rice, Imperial, of China, ii, 2
varicties of, fi. 236; varioty
uiring water, ii. 305

Blcﬂumsow, H.

03 ; Indian
of, not re-

on jaw-appendages in
76; management of pigs
. 68; occurrence of striped
estphalian pigs, i. 76 ; on
exossing pigs, ii. 95; on interbreeding
pigs, ii. 1227 on_selection in pigs, iy
194,

Ricrarnsox, Sir John, observations on

the resemblance between North Ame-
rican dogs and wolves, i. 21-22 ; on the
burrowing of wolves, i. 27: ‘on the
broad fect of dogs, wolves, and foxes in

orth America, 1. 40; on North Ame-
Tican horses seraping away the snow, 1,
53.

Ricinus, annual in England, ii, 305,
Ruver, on the “ Bagadotto ® pigeon,

INDEX.

ROMAN.

on the Jacobin pigeon, i, 154;
fertility of hybrid pigeons, 1. 162"
INDI , i 878,
1550, on varieties of
ii. 808, 831,
Rrvens, Tord, on the selection of grey-
hounds, ii. 235,
Ruvens, Mr, persistency of
lling potatoes, i. 33

seed]
i. 338,539 ;

the orange, 1. 336,

characters in

4; origin of
the plum, . 845 ; secdling varieties of
i. 16; persistency of cha-
in’seedling plums, i -
variation in the plum, i
attacked by bulliinches, ii, 2
ling apples with surface-roots, 1. 349 ;
variety of the apple found in'a wood.
1i. 260 on roses, i. 366-867 ; bud.varia.
tion in roses, i. 879-381 ; production of
Provence roses from seeds of the mose-
rose, . 330; effect produced by grafting.
on tho stock in jessamine, 1. 594; in
the ash, i. 894 ‘on grafted hazels, i,
idisation of @ weeping thorn,
. 18; experiments with the sced of
the weeping elm and ash, ii. 1
Tiety of the cherry with curled
ii. 232,

on of Oncidium Ca-

133,

Rovexrs, Mr, on inheritance in tho horse,
ii. 10,

Rovertsoy, Mr

T,
peaches, i. 343,

Romxer, on the silleworm, i. 501-804, i,
19

2. 8475

plum,
; seed”

9; va-
petals,

on glandular-leaved

Robinia, ii. 274,

Rovsow, Mr,, deficiencies of half-bred
horses, ii. 11,

Ronsox, Mr., on the advantage of change

of soil to plants, i, 146-147; on  tho
growth of the verbena, ii. 273; on
broccoli, .

Rock pigeon, measurements of the, i. 134;
figured, i. 135,

Rovexs, sterility of, in captivity, ii. 152,

Rodriguezia, ii. 134, 1

Rovwe, J.

., poisoning of horses by mil-

dewed tarcs, ii. 337.

Romttovso, feral lumped eattle in, 1, 79,

RoLir, I, on the history of the peach, ii.
308,

Rover-riazoxs, Duteh, i, 151,

Rovustox, Prof., fheisor teeth affected
in form in cases of pulmonary tuberele,
832,

Roaxs, estimation

of pigeons by, i, 205;
breedsof fowls i

possessed by, i. 231, 247,
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SALTER.

pied, i

s plimsigre species of, . 366.

Rosa' devoniensis, graft- hylmd pmd\lcsd
by, on he white Banlsian rose,

Roea‘_ indica nd cnt ol frtlo hyheida
o

Rosa rpmomsnmﬂ, history of the culture
of, i. 367.

Roseriant, on Egyptian dogs, i 17.

. 866-367 ; origin of, 1. 364; bu

579.881 ; Seotel, doubled

tion of, ii. 2
ditions nnv
galls of, i
ROUENNATS mmm i. 105,
on the dogs of Juan Fernandez,
Ilth Amenum cats, i. 46

215 noisette,

iped young pigs, i. 77; feral pigs in
South America, i. 78, 85; on Gojums
bian cattl, 5 88, i 205, , 226 ; effocts

of Teat on'the hides of cattle in South

dummshed rezumy of these slicep, ii.

black-boned South American
fowls, i 958 variation of the guinca-
fowl in tropical America, i. 204 ; fre-
quency of striped legs in mules, ii. 42

gocso in Bogola, i 161, sterlity of
Fwia introduced into Bo
ov, M, o o variety of Mﬂyno % b
diflora, ii.
R e Tadian varietios e ek
1.’ 8345 on Agave vivipara,
‘variety of rice Dot requiring irri-
505 ; shesp from. the Cape

Izu»u pa!len o, i 208,

RupreNTAny organs, i. 12, ii. 815-818.

Rurz de Lavison, extinction of breeds of
dogs in France, ii. 425.

Ruanaxts, goneral fertility of, in cap-
ity 5,100

o
Rowms, .

lower jnws ol
Russiax or Himalayan o

Rmneyer, Prof, dogs of the w.mme
period, i, 19; horses of Swiss lake-
dwellings, i 49; diversty of carly do-
mesticated pigs of the
Swiss lnke—dwelhnns, Lt .08 om

Tumped cattle, i. 80; parentage of
European of ume,n 80, 81, i
427; on “Niata” catle,

the Swiss Inke-dwelli

ings, i. 94, ii. 4
goats of the Swiss lnke’dwsllmgs, L
101 absenco of fowls in_the

e-d lings, i ' orossing

B ko 1 th boncs
SF el ana domencntod submals i

279; decrease in size of wild European
animals, ii.

R, wild, De C«ndolle 's obseryations on,
i. 8185 folmd in the Swiss hk&dwr.l-
lings, i. 319; common,
ks and rabbits, . 232 ]esn vurmble
than other cultivated plants, ii

Samor, Mz, on the cultivation of Rosa
spinosissima, i n the cultivation

of the ﬂnhlm, . 569:870, 1. 201; effoct
polen o €6 seod vessel in

mas

e, A, Talnemes Of e pelvizon tho
slmpe of the idneys n birds, .

$r. Dowixeo, wild dogs of, i. 283 -
varintion of dahlias in, i.

S, Hame, Aug, milk famished by
cows in South America, i. 300 ; husked
form of maize, i.

sr. Jom{, 0, ol cats in Seotland, 1.47;

‘wild ducks, i. 278.

Sr. Vumu( apple, .m,;ulu structuro

the 1 950; atifeal fecundation e

401.
1rus’ Dance, period of appearance of,
i. 77.

Saowmer, g e Jioten of the
cherry, 3 igin of varieties
of the l\pple. . 530 ‘eapacity of tho
cucumber for crossing with other spe-

50; varictics of the melon, i.
605 suppos:d twin-mongrel melon, i.

391 crossing melons, i 108, 129; an
gourds, effects of ' selection
in enlarging fruit, il. 217 ; on tho ten-
dency to depart from type, i. 241;
tion of plants in particular soils, i,

SALAMANDER, experiments on the, ii. 293,

1; segunerstion of lost parts in the,

ii. 15, 376, 38:

Salamandrs Coteto polydactylism in, ii.

SAusBu“, Mr, on the pmdnmon o
noctarinks yy pea

st Sntercrossing of specis of, 1. 586
Saliz humil g-m of, . 282, 983,
Suat, ol guinenfiv] in St Domingo,

smm, garly beesdi g of . 381
on bud-variation in pelar-

Variation by suckers in Pilog, 1. 5
?phcanon ‘of sclection to bud-varieties

1; accumulative effect
of Shanged conditions of life, i. 262;
on h variegation of strawberry leaves,

Sm.m s 3., hybrids of Gallus Sonneratii
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and the common fowl, 5
crossing of racos or specics o rafs,
87-8

Sluluumlx, on inheritance in catle,
ii. 10.

SANDFORD.  See DAWKINS.

Sar, ascent of the, i .

Scorant kail and. exbluge, cross betwoen,

Sotem ol irregularities in the sex of
the ﬂoweru of Maize, i. 321 ; buc d l-varia-
38!

aponaria calabrica, i

Samorsia, ponies o

Sars, on the nweet pes
i, 568, s Todi 8115 number nf seeds in

SATLATION of the stigma, i. 402-403.
Saturnia pyr,steility of, in confinement,
157.

Savi, on the management of prizo goose-
berries, i.

Sapvioxy, Akl o0 0 goldfish, i
296.

Savacns, their ndiscriminato uso of
‘plants’ss food, i. 310, fonducssof,
B Mnine salimia 0.1

8L, effct of foreign pollen on maize, i.
400.

Saifraga geum,

Savzm e Musar, on carrier-
pigeons, i. 141; on a pissan which
uiters the sound * Yahu,” i.

ScANDEROONS (pigeon), i 145, 145,

SCANIA, remains of Bos frontosus found
in, i. 81.

ScAPULA, characters of, in rabbits, i. 12
i fonis, 1.2

y disuse,

SGAN-ET fevnr. ii. 276

SCHAAFFHAUSEN on the horses represented
in Greek statues, ii. 213.

8 ., on adventitious buds, ii.

cess of nourishment a cause
257.

of vari
Scxoumonex, Bir T on tho dogs of tho
Indians of Guiana, 206;

aria-
,i. 877 reversion of
varieties of the Ohina rose in St. Do-
mingo, i. 380 steriity of tame parrots
in Guiana, ii. 155; on Dendre ma
Ciduaty 1. 157, sclcoton of fow
Guiana, i
[y an Brosee

. 415 on Asinus indicus, i, 42 ;
character of young wild pigs
osteology of Gallinula mzn'otl'l, i 2
on thebiack-shouldered peacoc :
gn the breeding of binds in cnptlvlly,
i

scmmm, Dr, vurioties of tho dog,
found in & cave, i,
Sooron i, looa variation of, i, 363,

Acropera and Gon,

A ongora, i
Scorr, Sir W., former range of vn.lrl cattlo
itain,

in 5.
Ecmxrz, on the Scotch deerhound, ii. 73,

Sulunm- Sir John, uram of clale inter-

breeding in dogs, ii. 121 care taken
by, in scleotion u”awls, i 107,
Secale cercale, ii

Sepawick, W eots of crossing on the
female, i, 404; on tho * Poroupine-
man, 5 on hereditary disouses,
7; h.md.myamnonwf the eye,
78-79; iulieritance of polyducty i and

anomalies of the extremitics, 1. 15-145
morbid uniformity in the same family,
17; on deaf-mutes, ii. 22 ; inherit:

ance nr injury to the eye, ii. 24; ata-

‘vism in diseases und anomalies of struc-

ture, i 34; noneteversion tonight-blnd-

. M H d limitation of tl
trunimission of poculiaitios o ran.
73 on the effects of hard-drinking,
9 rited baldness with defl-

; inhe
cxsucynfheetb i 326-827; oceurrenco
of a molar tooth in place of an incisor,
i 891 diseass ocourring in liermat
genemmnn, ii. 401,

o, on the removal of portions of
. 296.

Seeps,early sclection of, if, 204 rudi-
montay, T grupes, i, 916 relative
‘position of, in the ca 345,

Sexms and buds, closs analogies of 1, 411,

Semtaxy, B, cmmnu of the wolf and Es-
g Juimas dog,i. 22

e, P. 3. on tho bud- destroying habits
D! lhe bullﬂnch, i
- 192300 “methodical, 1.
the ancients and

Feti peoylt. i, 201210; of

{rifing charucters. i, 208.210; unoon-

scious, i 214, 2 174, 1[0 217

effots of, shown by difforonces fn most

valued parts, i, 217-2:

acenmulunnn of variability,

affecting domesllu pmluc-

185180, 254558
apecies, genera and othor groupe.s

420-432, cirounstunces favoursble o,

ii. 233239 ; tendency of towards ex:
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SILE-FOWLS.

tromes, i, 200242, possible limit, o
i. 242 influence of time on,

234 sammary of subject, i s
ettt ofin modifying breeds of cuttley
i. 92, 93; in preserving tho puri
breeds of sheep, i. 99-100; ln.produo\nv
yuritiesof pgeons, reed-
ing fowl 3

2&

E""

e,
95; in the gold-
fish, i. 29 Ikyworm, 1. 300-
801; contrasted in cabbages and cereals,
i. 828 in the white mulberry, i.
applied to wheat,
18; exemplified in carrots, &c.,
6; in me potato, i. 331; in the
i, 860: in flowering plants, i
applied
11; illus-

SEuEoTION, sexual, i
‘SELF-IMPOTENCE in pnmu, i, 131-140; in
individual plaats . 156-138; of hy-

SELWY, i3 on the Dingo, 1.2
Seuys-LoNaomaN®s, on nybna rlucks i
6 i id of the ‘hook-

m goose, i. 262,
anin, on the S, Vﬁlery apple, 1. 350.
SerpeNt Melon,

Sumns, Olivier "dé, wild poultry in Gui-

stnmn;i, ‘White-seeded, antiquity of the,
i, 429.

found in the Swiss lake-dwell-

Semeats, degeneration o, in Indi
Yountt's remarks on, i. 41.

Sex, secondary characters of, latent,
3i:02; of purents, influencs of, on'hy-
brids, .

SEXUAL clmmum, sometimes lost in
domestication, ii.

e ot of cllcagtia, 1 71
.

8;

SEXUAL pccuhanhcs, induced by domes-
ation in shee in fowls,i. 251-
S57+ ranafer ob 1. 255201
SexvaL variability in pigeons, i 161-
162.

s!xm seleetion, ii. 75.-
SHADDOCK, i. 35
s.mum, Mr., on the mossross, 1. §79-

s-mmm fowls, i.

SHANGHAI sheep, mur fecundity, i, 97.

S ponies, st

, dispnted ongm ag st carly

b= c-tailed, 1.
94, 95, 98, main horns,
mamm® B-Ilﬂ. other churacters of, i.
Sexual churacters of, induced by domes-
tication, 1. 9, 96; adaptation of to cli-

mate and pasture, i. 96, 97; peri
gestation o, 1, 07 effect of ieat on the
ecco of, i 989 il 218 effct of
selection’ o, i. 99-101; “ancon” or
“otter” breeds of, i 17, 92, 100
« Mauchamp-merino,” 1. 100-101; cross
of German and merino, i, 85-59 ‘black,
Karakool,

of the Tarentin
ii. 278 ; Jaffoa, with cullum ies on the
knees, ii. 302; Chi 315 Danuh,

ac-
tylism in, ji. 14 el prolinchnn
oF horoa 1o hornles brceds of
Toversion of eolour in, ii.
of male, on offpring ioas
.73 influence of crossin;

or mgxeguhnn o, ii. 86, 9596, 102
ww, interbreeding of, ii. 119-

of nourishment on_the feruhty
of, i 111112 ; dimnished fertlity of,

i bty chanses
in the flecce of, in England,
partial degeneration of, in Ansmlu,
i 278; with numerons homa, it 201
corcltion of horusund flcce i,
feeding on flesh,
hmluf ii. 805-306
S ssvare wouther, 1i. 812; white,
poisoned by Hypericum crispum, ii.

Suxer dogs resembling wolves i. 24.

Suis, sinistral and dextral, i,

Sugnrer, Mr. new varfeties of wheat, i.
515, 817; on crossing wheat, il 104
105" contiuuous varintion of wheat,

smy mmof i. 47 ; horses of, i. 53.
Sumwey, E. P., on the fnllnw-decr, il
108, 120.
Snowr. D hybrids of the domestic cat
elis ornata, i,
Sm.m, ‘northern ranige of wild horses in,

Ruiot 3, on the' dentucss of whits cats
with' biue eyes,
SmxEx, 8, on the pﬂdlglees of pigs,
ou eoarreversionn pi period
of gestation in the pig, i 74 produc-

Fiom of breeds of pigs by ntercroming,

; fertility of the pig, i

effeots of interbreeding on pigs,
122 on the ealours of pigs, i. 210,

Smow, on the sweet potato, ii. 309.
Sumowp, von Carl, on purthenogenesis,

Sillne, contabescence in, i 166.
SILE-FOWLS, i, 230, ii. 67, 69.
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Stux-norm, Arrindy, ii. 306, 812; Tarroo,
157.

300-504;  domesticated
. 300; history of, ibid.;
causes of modification in, 1. 300-301 ;
differences presented by, i.
crossing of, 1. 98; disease, in, i, 228
effects of disuse of yarts in, i
selection practised with, 99
Jurition of, ii. 236; pﬂxthenagenes\s

S]wank)xs variations of, i. 801-302;
white cocoons, less liable to

SILVER-GREY rabbit, 1. 108, 111, 120,

Soioxvs, J. B, period of maturity in
Various breods of cattlo, i, 87; dife:
ences in the periods of dentition in
sheep, i. n the teeth in cattle,

cep, e, i %55 e heeactig oF

superior rams, ii. 196.

Snuow, on the rising of eggs of the silk-
moth in China,
nipsow, Sir J., n‘"cnvmmve power of the
human embryo,

Siredon, brecding
stage, ii. 384.

SiskN, breeding in captivity, ii. 154,

Sirallerium, resenblanco of the, to Nita

me ‘bronchiferous

cattle,
Sm, dxﬂ'mnce of, an obstacle to crossing,

; and its sppendages, Tomologo
Htaey adections. of the,

Smvixg, R. §., on pigeons settling on
troes in Egypt, i. 181

SkuLL, churicters of the, in breeds of
dogs, i. 84 in breeds of pigs, i. 71; in
xabbnx, i llE 120, 127. in breeds of
pigeons, i. 163-165; in broeds of fowls,
1. 260-266 ; in ducks, i, 282-28

Skui and horns, correlation of the, ii

33,

SKYLARK, ii. 154,
Sumusi on the Cheetah,

2 78.
Surree (pigeon), i. 156,
urrm, Sir A, on Caffririan cattle, i, 88;
on the use of numerous plants 4s food
in South Africa, i. 307.
Sm'm Colonel Hamilton, on the odour of
the jackal, i. 30; on tho rigin of the

i.16; wild dogs in St. Domingo,
5,585 on the Thibet mastll and the
aleo, i. 26-29 ; development of the fifth
toe in’ the hind feet of mastifts, . 83;
differences in the skull of dogs, i. 34
history of the pointer, i. 42; on the ears
of tha dog, it 801 ; on. the breeds of
Lorses, . 49; origin of the horse, 1. 51 ;

dappling of horses, . 55; striped horses
in Spain, i. 58; original colour of the
horse, i.60; on horses scraping away
oW, ) 52; on Asinus Iwmmrmu, ii.43;

Vi l, 70.
Sy, J, de\-elopmenc of the ovary in
Bonatea_speciosa, by irritation of the
stigma, i, 403.
S, N 1, nfiuence of the bull « Fo-
Tiaziad breed of Short-horn

catt] L

s W= chtha inter-crossing of straw-
berries, i. 352,

SNARE-RAT, i. 87, 88,

SNAKES, form of the viscera in, ii. 344,

SNAFDRAGON, bud-variation m, i 881;
non-inheritance of colour i, ii. 21
peloric, crossed with the normal_form,
1 70,95 asymunetrical vriation of
the, i,

Som, udupmmn of plums to, i. 346; in-
fluence of, o the zones of pelargoninms,

H ‘Toses, i

Som, and exmoe, eflots of, on straw-
berries, 1. 353.
Solanum, non-intererossing of species of,
ii. 91.
Solanum tuberosum, 5. 330-831.
‘SOLID-R00FED pigs, i. 75.
Sovowow, his stud of horses, 1. 5.
ERvILLE, Lord, on the fleece of Merino
sleep, i, 99, on' roesng shoop, i, 120;
selection of sheep, . 195} dimi
ishod fertility of Merino sheep brought
from Spain, ii. 161.
Soory fowls, 1. 230, 356
Soro, Ferdinand de, on the euliraton of
native plants in Florida, 1.
Sorghum, i. 371.
Seary, hawthorn monogynous in, 1. 361.
SeaLLaNzANL, on feral rabbits in Lipari
; experiments on salamanders, i.
1o, 555, 300 experiments in feeding o
pigeon with meat, ii. 304,
Sraris, in India, . 38; Kin g Charles's
j dogenerstion of, auso by in

broedi

St w1 227, 250, 258; figured,
i. 226; early development of sexual
characfors in, i. 250, 251; farcula of,

figured, i. 268,

Sercazs, :hﬁﬁcnlly of distinguishing from
; conversion of varicties

; origin of, by natural_selec-

1413 by ‘mutual sterility of

icties, i, 185-189)
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sTURY,

x, Lord, on selection in breeding,

195.
cer, Herbcm on the suryival of th

Sre
fittest,” i. 6 increase of fertility =
domedtication, it. 111 on life, ii. 148,
produced te
5

in the Irish elk,
siological units,” ii. 7

Sremmisromome, i, 368804 spparent -

dependence of, in insects,

Sruxema, sterility of, in capumy,
57.

Srrxora, on the injurious effect produced
by flowering buckwheat on white pigs,

ii. 337,
Serea dog, i 31.
s

ooNER, ssrocling of sheep,
i 100, -96. 1'20 on the effects of
crossi on attle.
ii. llS Indwld\ls.ls rility,

Sromm, reproduetion of e o

Srota .

Sror pigeon,

Seaexor, . K., on dichogamous plants,
ii. 90; on the hollyhock, ii. 107; on
the functions of flowers, ii. l 5.

SrrouLe, Mr., inheritence of cleft-palate
and hare-lip, i, 2¢.

spums, of fowls, i. 255 ; development of,

s

in pigeons, . 215.
207,

Squrmix, hereditary, ii. 9.
Savuunss, generally wterilo tn eaptivity,

SQLIMB!LS, fying, breeding in confine-
ment, ii. 1

< raiimisn Taubef" . 161,

S146, one-hom posed heredity of
character in, ii. 12; degeneracy of, in
the Highlands, ii. 208.

SraneNs, occurrence of rudimentary, ii.
316; mnvcns\on of into pistils,i. 365 ;
into lpeinls,

o, A 165

on the dog of the
Dunish Middons, . 18; on the obliquity

STEINA, J., on hereditary diseases, ii. 7,

Stenuiny, in dogs, consequent on closo
coufinehent, 192 comparative, of
crosses,ii. nged con-
e it s 108 oceurring in
the descendants of wild auimals bred

in_captivit 160; individual, ii.
162; mugcmg “from propa

ulbs, &c., ii. 169

178-180, 386, 10411 ; in

specific hybrids of pigeons, i. 193 as
connected with natural selecnon. i
185-189.

S, charscters o the in rbbits, i

pigeons, i.
ol 1 2B BT8% it of disuss on
the £ 174175, ,27&

STErHEN m iha Jalits of tho
Bontbyeide, i. 505,

Sriwai xS disease, ii. 79,

Smoa, variation of the, in_cultivated
Cucurbitaces, i. 339 ; satiation of the,
i. 402-403.

S160ks, bud variation in, i. 881; effect of
crossing upon the colour of the seed of,
i, 398-399

, ii. 98 ;
Tection, it. 219; roversion by the upper
sceds in the pods of, ii. 347-348
SrockmuoL, fruit-trees of, i. 307.
Stoxss, Prof, caleulation of the chance
of transmission of abnormal peculi-
arities in man,
&omswmmmm ‘the production of, by

rries,

Sronucn, structure of the, affected by
302
Stoxsin the blsdder lmmdmry, ii. 8,79,
i

STRAWBERI arkible

effects of soil on, ii. 274,

STrcKLAND, A., on the domestication of
er forus, i, 287; on the colour of the
bill and legs in geose, i. 288,
Stricienas, 1. 183,
Swres on young of wild swine, 1. 76 of
igs of Turkey, West halia,
e mbesi, i, 76-77; of feral
swino of Jamaics knd New Granad i
77 of fruit and flowers, i. 400, il. 7 3
56-60; in the ass, i, 63-63;
produption’ of, by aroming pecien’ of

heology of the feet in
mhd lmo(odqplga, i.75; on polydutyL
13-1¢

Srom, prepotency of transmission_of
characters in sheep and mua i 66
absorption of the minority in cro:
Taces, ii. 88; correlation of twisted
homs and curled. wool i sheep. 1.
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Son-srsorzs, wild, of Counba livia and
other pigeons, i.
Successto, geologmn], or forgunisms, i, 11.

S, bul variation |

Suaar ‘cane, sterility
hon 1. 169 whtte hublmy praty
case, ii, 228, 336.

Sutowe, hereditary tendency to, ii. 7, 78.

o e A
Falkland Tslands, i. 53 wild pigs of
the Falkland Islands,i.77; feral cattle
of the Falkland Islands, i. 86, 102 ; foral
rabbits of the Falkland Islands, i. 112.

Sourax fowl, i G .

Su.l ml Lw 110.

(4 mnz/m 65, 66,
Sus serofa palustris,

Sus vittatus, i.
SwaLLows, b breed o . 156,
Swavye, Mr, on izt eneing. of

igiea of “the pea, i. 897.

z i.91;_crosses of, ii. 93, 9

Tacetios of, corsing frup

20; acclimatisation of , in India,
Sweer William, bul-varation n,
Swyno, R, 6 Chinceo pigeons, i 2s.

206; on siriped Chinese e
SwrTzERLAND, ancient dogs of, i. To:

o, n the Neolithio poriod, 1. 67.69;

goats of, i. 101.
Sycaore, pale-leaved varioty of the, ii.

szs, Coloncl, on o Parich
'gs, i 17; on small dmn
a

Sympl plytum, variegated, i.
Syrums, hereditary, ii. 332.
Synra, asses of, i 62,

Syringa gosica, chinensis,nd elgaris L

Taarrus, on the earo taken by the Celts
in breeding animals, i

Tugots signaia, dwaif vavicty o, 8 50,

Tanrry, varieties of cultivated plants in,
ii. 236.

Tati, oceasional development of, in man,
ii.'57; never curled in wild snimals,

ii. 801; rudimentary in Chinese sheep,

ii. 315.

TamL FEATIERS, numbers of, in breeds of

2
2
g5
g

cocks, 1. ‘25{-253

and tame. (l akes, i.
i e

TaxkegviLs, Earl of, on Chillingham
catil, 86 i 119,
£, effocts of disuse of parts

ty of the, in captivity, ii. 150.

‘TanatoNt-Tozzgrt, on oulivated plants
6; on the vine, i. 532; varieties
e 842;

: i
Tulsl:s, vnmbxhtygnf the, in fowls, i.
259; ‘reproduction of the, in # thrush,

i

Tatans, their preforence for. spiral-
horned sheep, ii. 209.

e, abundanco of pigeons. in

TrEnaY, Mr, roversion in fowls,
Teern, number and position i dogu,
uoy o, In naked Turkish
riod of oppearunco of,

in broods of coga 145 ¢ ooy .
322 ;.

in bighly bred animal
lation of, with b 3
row of, with redundant
Pastrana, il. 828; affected in form by
hereditary syphilis and hy pulmonary
tubercle, i, 832; fusion ;

17
on white pigeons, ii. 230; Toversi
crossed breeds of fowls, i.

chicks of the white silk-fowl, 1. 249 ;
development, of the cranial protuber-
ance in Polish fowls, i. 230; on the

Telopment of soveral poculiartios in

,i. 250; on the comb in
Spnmsll fowls, i. 253} on the Spanish
fowl, ii. 306; vnnehes of game:
i. 252 ; pedigrees of game-fowls, i

assumption of foualo plunsgs by o
game cock i.

+ natural selection in
25; pugnacity of
; length o, the

effect of crossing in fowls, i. 258, ii. 9
effects of interbreeding in fowls, i,
124-125; incubation by mongrels of
non-sitting races of fowls, ii. 4;
verse con’duﬂnn of crest and comb in




TEMMINCK.

fowls, i. 274; occurrence of pencilled
feathers in fowls, il. 40; on a varie
of the goose from Sebastopol,
on tho frtlity of tho peahen, i,
om the intercrossing
TeuNcs, origin of i
origi of domesto pigeons, 1. 180: on
jumba, quin, i. 182; on Columba
Teucocephala, i. 183 asserted reluct-
anceof son breeds of pigeons to cross,
y of hybrid turtle-doves,
193 vnmmm of Gallus banliva, i,

m‘hng of

63,
TermiEns, wry-legge 245; white,
subject to distemper, ii. 336.
cmmAcuzr, on & husked form of

maiae, . 820,
m the period of gestation of the
dog & 90 of tho pig, £.741 in cuttle,
 experiments on change of soil,

ERit

Tetran, brcvdm"o(' species of, in captivity,

Tmapfmr paradisea, ii.
e campandatum, pelorism in, ii.

szu, foral cattle in, i. 85.
Trgoxss, his notice of the domestic fowl,

i. 246,
Tazox-nmsws. his notice of the peach, i.

ﬂleswm, i, 284,
Trowrsox, Mr., on the peach and nec-
tarine, 1. 342; on the varieties of tho
apricot, i. classification of varie.
f cherriés, i, 847:848; on the

““Sister ribston-pippin,” 1. 350; on tho
mnm . 55.
Troxeso plgemls of
Imy.: 194 toat |gem.\u in Scotland,
Y)e bill and legs in

1. 190 ; colour of 1
z breeding of Tetrao scotius
1od; destrmobion. of
blaclcfowls by the osprey, 1. 2
Trorsox, Prof. W, on the obhqmty of
the flounder, ii.
Thogxs, reconversion of, into branches,
in pear trees, ii. 318.
Trow, gafing ofcaly and lte . 505
Glastonbury, i.
Trgvs, Iepmrll\cwm of the
tarsus in , i, 15.
VOL. 1.
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Tija pedula or fliformis, n vricty of

. orientalis, i

Taumer, on the di
of an alga, ii. 378.

Tuwarmss, 6. I, on tho eats of Geylon,

3 on a twin seed sia coo-

cinea and fulgens, i. 391.

Trpvurrvs, experiments in rearing wild
ducks, i. 278.

Tigun, rarely fertile in captivity, ii. 150,

jon of the zoospores

Tigridia. eonchifiora, bud-variation in, i.
38

‘nus, importance of, in the production of
Taces, ii.
Toms, self-impotence in the potato,

Trsuns, mmcy ot or specal orgenio

substances, ii.
Trrance, Frary thin-shelled wal-
nuts, i ‘king nuts, 1. 857;

Tonacco, crossing of varieties of, ii. 108
cultivation of in Sweden, i, 307
Toposk, red-color
Tors, relative length Tows,
250 ; development of ' dogs,
17,

’rou.s-r. Mr., his selection of cattle, ii.
199.

Towm
ToNGuz, remmn of o tho beak n pigeons,

currence of a molar, in place of
39

SCHWEL,
Tautt, By on tho wnion of lal.tubers of
difforent kinds of potatocs,

Tregs, varioties of, sudden] medneod 1
3615 weeping or pendulo
Tastigate o idal, 3. 361;

igut pyramic i
variegated or changed oliage, 1. 362
carly or late in leaf, i. 362-363; forest,
non-application of ~selection w, i,
287,

“ TagspLevr” (pigeons), i. 146.
Tamey, on seproducton in Hydra, ii.

i Tuvumm » silkworms, i. 301-302.

Trifolitan minus and repens,
Tapwonrm plants, aonditions of ‘repro-

19,
Triticwm vu@m—e, " id in Asia, . 312,
21



“Troxro” plgwu i 144,
Tropaeolum,

um minus snd majus, reversion in
hybrids of i. 392.
or, Prince, ex
-trees at Moscow,
Taovamig, Prof, wtholngnnl Tesem-
blance of twins,
Tuvsreres plwann, i. 154; known in
1. 207,

nmm with

Tscnuinm, H. A. de, graft-hybrid pro-
duced by inosculafion in the vine, i.

Tscuu.u, on the naked Peruvian dog, i.
extinct varieties of maizo from
Peruvlan tombs, i. 820, ii. 425.
Tomsns bud- varintion by, i. 984-385.
cKERMAN, Mr.,sterility of Carex rigida,
70.

'nmn ducks, i. 281. h
e, vasiability of, . 8703 bud-tis-
mn i, i. 385-886 ; influence of soi

s Towuuss ” (pigeons),l m o
. polypold, origin
i. 130,

‘vMOURS, o
.m teeth in, i

« Dengascus Tavss,
Tomurr (pigoon).
Tenkey, domestic, origin of, i. 202-203 ;
grossing of wih North American wnd
Turkey, i. 292- i
erest

3 breeds o, i.
o o, 1. 2085 eRjEhal
Testowatii, 29&2& degeneration o,
in Indis, i. ; failure of egzd

o, in Delli i 101 o1 o the Parana,
lunco produced in by domesti-

cation,
TURKEY, s h'lpfd young pigs n, 1. 76.
TuRNER (pigeon), i.

TusER. W, on

INDEX. VARIABILITY.

Turtur auritug bybrids of with . cam-
bayensis and 1. sur
ur  risorius, cmmng e
common pngmn. i198; hyhnd of w.th
T, vulgaris,

Turtur mmlelml, sterile hybrids of, with
T. vulgaris, 3. 198; hybrids of,’ with
T. auritus, i. 194,

Turtur vudgaris, mu'ng of, with the

e i hybrids
of, with T. surateusis, and Beopistea
‘migratorius, i
o of wild ‘and domesticated-plgs, 1.
Tn&ulaga Jfarfura, variegatd, i. 884,
Tntswin of Fulsia coceinea and fugens,

n the pigs of the Pacifo
ulmdu 7o, 1. §7; on the dogs of the

n of con-
sanguineous marriages, ii. 122-123.

Upuens, dovelopment o e . 300

Ulez, double-flowered, ii.

Ul campetria and e]wa, “hybrids of,
ii. 130.

Uﬂlmnm’n{ of character, maintained by

ody, fanctional independ-
ence of the, i 56571,
Uty or plurality of arigin of organiams,

T p()imn

Unea, secref 0.

it M of m effiets of, ii. 205-
303, 85233, 418- 419; i rabbits, 1.
124128 ; in ducks, i.

Uniwry, considurations o[ leading to uni-
formity, ii. 241

VaLeNmiy, experimental production of
double monsters by, ii. 340.
LT

, Barbara, a hairy-faced woman,

Vax Moxs en wild fruit -troes, i. 312, ii.
260; production of varicties of the
vine, 1. 338 ; correlated varinbility in

Imond-like

ion in arteries
and veins, ii. 300;_on cells, ii. 370.
Tumxts, origin of, i. 325; rev

4 , preforred by hare,
2333 aelimatistton of, i Tndi, i

N Egyption monument, i.

17; croses o the, 1. 2.
white and coloured, cross- |

ing of, 1. 02,

30 ; pmdmmon of

Vanessa, specicsof, not copulatingin cap-
tivity, i,

moters, i, 238 239 # multiple homo-
logous parts, ii.
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VARIATION. VIsIoN,
Vanamion, laws of, the Trish yew, ii. 241; differences in
nuity of, ii. 241; o the Camellia, fi. 951; effect of soil on

, 416-417;
45448 ; origin of Fitsads o sste Nt
88; in ostealogical characters of ra
. 115-180; of important, organs, i. 3
ma.\oga\u or parallel, i. 318-852; in
horses, i, 55; 1n the horse and ass, i.
64; in fowls, i. 243-246; in geese, i.
288 ; exemplified in the production of
fleshy stems in cabbages, &, i. 326
in the peach, i
842, 344 ; individual, in wheat,
VARIEGATION of folinge, 1. 883,
168.

An and species, resemblance of,
i 4, i 411413 conversion of into
species, i, 5; abnorms do-
mestic, gmlus.l]y produced, i, 414

Vano, o tic ducks, i, 277; o

ising of the wild

206,

Vasex, Mr., on the number of sicral ver-

febrin in’ordinary and humped cattle,
m Hungarian cattle, 1. S0.

Vaucnss, serility.of Ranunoubus fcaria
and Acorus calamus, ii. 170.

‘VEgerasLes, cultivated, reversion in, ii.
8132; European, culture of, in India,

G&IBJ
Ve, Mr., on breeds of horses, i, 49,
Ve basmm, intercrossing of species of, i

Vi s s
Verbascum blattaria, ii. 1
Verbascum lyclni
Verbascun nigrum,
Verbascun phoniceum,
uble duration of,
Verbasoum thapsus, i
Vemmas origin of, i m
bility of, to milds
secorching of dark,
o changed condiiioak ol Kk

Vinsr, ou ths darkssaren Thshirry
g62: ' inheianco,of pemlmnb‘ws ot
foliage in trees, . 362; production of \
Tiosa cummbrfalm bud-variation |

m R. alla, i ud-variation in |
Aralia irifoliata, i. 332; variegation of

leaves, i. 383 ; 86 ;
uncorfaiaty of inberiteace, er-
sistency of white flowers, it. 20 pelorie

floyers of Linaria, ii. 58; tendency of
iped flowers to uniformity of colour,

the variegated strawberry, ii. 274;
correlnted vnrmbxhty in plants, . 380,
Verruca, ii.
VERTEBRE, in rabbits, i.

hmcﬁe of,
120122, in Qucks, 1. 285-264 ; mumber
and variations of,in pigeons, i. 165-166
number and_characters of, in fow
266-268 ; variability of number of, i

ig, . 74.
Vintoo, soo Putsohe
“Vinveas,” ii, 2

Vasroors, enrly o evat Brazil, i.
311,

Vamsar's cxperiments on the culivation
of the vine from sced,

18 31
flet converted into a
2.

Vicunas, selection of,
Vusoarry of plants, ol by dry-

s, i
Vlmomu, culnvauun of the wild carrot,
i. 526, i, 217; colours of tulips, i. 386
unertainty of inheritance iu balsams
with
Qwastvariotis of Supomnm calabrica
and Tage tngnam, ii. 20; reversion of
flowers by stripes and blotches, ii. 37 ;
on variability, 262,
Vinca minor, mnmy in, ii. 170.
ViNe, i 332834 s
mun of,
inosculation in the,
nt influenced by colour of grapes, ii.
248; influenco of climate, &c., on varie-
ties 'of the, ii. 278; diminished extent
of cultivation of the, ii
tisation of the, in the

+ acclima-
st Tndies, i,
Viola, specics of, i

Viauta it floware in, i.

Vit irdlor, soversion in, ii, 31, 47.
Vincuow,: Prof,, blindness oceurring in

the offbpringof consanguincous mar-
ii. 143 ; on the growth of bones,
294, 381, on cellular prolification, ii,

prol
fadependence of tho cloments of

15 369 the ulltheary,
sence of hairs_and

gl
371

ection of sced-corn,
sxs‘ ii. 2035 of cattle and sheep, ii.

Visoiiu londs, ponies of, 1. 52

aria,
Visios, hcrmhtmy peculiaritics of, ii. 8-
212
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INDEX.

WHEAT.

in amphibious animals, i. 228 ;
ot st 0, &ﬂ’eotmm i organs o,
correlated with other., pem arities,

3

Tioeorss fntenlty of spucleu of, in cap-
tivity, i

Voom saicieof tho dato palm, ii. 236.
‘om, on _the indications of stripes, on
black kittens, ii. 55.

Vore, differences of, in fowls, i

domestic ducks unknown to Aristotle,
12)77 Indian cattle sent mMucedoma

der, 2; ion
niales i the Bible, il 202 hiskory of
the increase of breeds,

Vox Bena on Verbascum phaniceun, ii.
305,

Voomserar, G his Kuowledgo of Tya-
cinths, i. 3 L

Vious, Prot, onpclydmtylmm.n 12; 00
double monsters, ii. 340; influence of
the shape of the mother's pelvis on her
child’s head, i. 344,

Wapens, behaiour of, in confinement, .
Wiimgas ok ‘propagation
Alpine plants by buds, runners, lmlbs,
&e, ii. 169.

* Witmvenwaxvrscuars  of Grtaer, i

Wu.m wlnua cattle of, in the 10th cen-

w..mv.' 1\ on intermarriage, i. 404
the inheritance of polydactylism, i 13
x advantage of change of soil

n

AR, on a striped Javanes
2 ‘the conditlons of lfe

als, i, 32; artificial altera-
tion of the plumage of
on polymorphie butterflics, i. 399-400
n reversion, §i. 415; on the limit of
change, i. 417.

WaLLace, Dr., on the sterility of Sphin-
gidm hnmlwd in autumn, ii. 158.

WALLACHIAN shecp, sexual pm\llmrmes
Ju the borus of, & 6,

550957 {hin-shelled, at-
facked b) tomits, ii. 231 ; grafting of,

Waisu, B. D., . 282, 283 ; his
SLow of oqnable vun.nblhl), i 351

Wasmm, . L, on the history o the
3 on the mn.mom g the

in of Lepua variublie,5 111,
WAﬂm'mw C., production of tailless f
5

foals,

; on faming wild ducks, i. 278;

on the wildneesof balfbred wiid ducks
il 45, assumption of alo d

TG on Bl wild it

3!2; on the non-variation of

17; origin of the plum, & 845

variation in Pyrus malus, i.
Viola_amena and tricolor, i. 368 ;_on
reversion in Seotch kail, i, 82; fertility
of Draba sylestria whon cultivated, i
163; on generally distributed Brifish
plants, ii. 285.

Wiz, rudinentary, in some fols, i

315.

rrs, Miss, on Sultan fowls, i. 228,
Wm, Jumes, interbreeding of sheep, ii.

Wengg, effect of the shape of the mother’s
elvi on her child's had,

supposed necessity for Cine oo
ﬁmhon, coincdently with cultivated
plants, i.
i vaidioa of trees, i. 361.
Bhabit o trcs,capricious inheri-
of, ji. 18-19.
‘WiEviL, jury dons to stone-fruit by, in
orth America, ii. 231.
WaLsi cattle, descended from Bos longi-
frons, i. 81.
West Indies, feral pigs of. i.77; effect of
chmm of, upon sheej
Wastenx, Lord, change
tho sheep, i, 198,
WpsmrmALLA, striped yong pigs in. i 76
Wastwoon, J. 0., on peloric flowers of
Galceolaria, i
WrATELY, Archbishop, on grafting early
yhnd lato umms,

! Sticted. by, in

t;}or diversity of, i.

312 318 316 3]7' Bmml 313; pm—

sence or absence of

n on variations in,

ties of, i. 814 815 ; tﬂmﬂ cuf so)l nmi

Lllnuztu on, 316 deterioration of,

ibid. ; cmssm of anetles of ibid., ii.

96, 104-105, 13/J
7
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YAKS.

vantage of change of soil to, ii. 146;

difforences of in various parts of Tndia,
; continuous variation_in,

irdiness of, ii. 229, 35

worms, 1. 302; on the b, & 303
Wi, Mr, reproduction of supernume-
rary digits after_amputation, fi. 14;
fimo_oocupied. In the. blending of
crossed mces,
Wi, Gilbert, vcgemuc diet of dogs, ii.

Witz and white-spotted animals, lia-
Dility of, to disease, i. 336-337.
W lo . Howers, most truly reproduced by
sced, i
chm:m M.nx, on hybrid willows, i, 50,
analogy between the pollen
of old-cultivated plants, and of hybrids,

Wickixa, Mr., inheritance of the primary
fers of Columba livia in cross-

Dred pigeons, i. 201; production of a
white head in almond tumblers, .

199.
‘Wickstep, Mr., on cases of individual
162.

pnnhmco\ls crossing of blue
Deas, i. 397; crossing of
varieties of cabbage, ii. 130 ; on conta-
bescence, ii. 165.
Wian, Dr, sexual sterility of plants pro-
pugated by buds, &, ii. 169.
Wi, SirW. . ccourtenes of Bos fron-
and longifrons in Irish cranioges,
Lo ttastion poid. to breads. of
snimala by the ancient Irish, il 203.
WiLsax, on the dahlis, ii. 216, 273.
Wapuzssof the progeny of croseed ame
animals,
Witks, apt, on the taming of pigeons
among the Polynesians, i. 161.
WiLkmNsoN, J., on crossed cattle, ii. 104.
Wissiaws, Mr., chango of pluage in
Hamburgh Len, i.

Vs, Mr, infererossing of strav-
berries, i. 352
WiLsiaxsos, Capt., degeneration of dogs

‘apt
ndia, 5. 87, on sinall Indian asses,

Witutassos, Rev. W., doubling of Ane-
‘mone coronaria by selectlon, ii. 200.

‘WiLLows, weeping, i. 361; reversion of
spirsl o wecpmg,l 333 hybrids

Woiivam mtlca of Epot pigzeons, .
156; on & fantail pigeon, i. 208; on
tumbler pigeons, i. 209; on tho turbit,

. 209; on tho barb and carrier pigeo

1317 ‘o the hookobilled duck & 277
Witaton, Mr., on o crested white

cocl i 2885 reverson, of Sheep 1

ii. 30,
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