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CHAPTER XXII. 
CAUSES OF VARIABILITY. 

VARIABILITY DOES NOT NECESSARILY ACCOJIPANY REPRODUCTION-CAUSES 
ASSIGNEE) BY VARIOUS AUTHORS-INDIVIDUAL DIFFEREFCES-VARIABILITY 
O F  EVERY KIND DUE TO CHANGED CONDITIONS O F  LIFE-ON T H E  NATURE 
OF SUCH CHANGES - CLIMATE, FOOD, EXCESS OF NUTRIMENT -SLIGHT 
CHANGES SUFFICIENT-EFFECTS OF GRAFTING ON T H E  VARIABILITY OF 
SEEDLING - TREES -DOMESTIC PRODUCTIONS BECOME HABITUATED TO 
CHANGED CONDITIONS-ON T H E  ACCUMULATIVE ACTION O F  CHANGED 
CONDITIOhW-CLOSE INTERBREEDING AND T H E  IMAGINATION O F  T H E  
MOTHER SUPPOSED To CAUSE VARIABILITY-CROSSING AS A CAUSE O F  
T H E  APPEARANCE O F  NEW CHARACTERS-VARIABILITY FITOM T H E  COM- 
UINGLING O F  CHARACTERS AND FROM REVERSION-ON T H E  MANNER AND 
PERIOD O F  ACTION O F  T H E  CAUSES WHICH EITHER DIRECTLY, OR IN- 
DIRECTLY THROUGH THE REPRODUCTIVE SYSTEM, IXDUCE VARIABILITY. 

WE will now consider, as far as we can, the causes of the 
almost universal variability of our domesticated productions. 
The subject is an obscure one ; but it may be useful to probe 
our ignorance. Some authors, for instance Dr. Prosper Lucas, 
look at  variability as a necessary contingent on reproduction, 
and as much an aboriginal law as growth or inheritance. 
Others have of late encouraged, perhaps unintentionally, this 
view by speaking 01 inheritance and variability as cyual and 
antagonistic principles. Pallas maintained, and he has had 
some followers, that variability depends exclusively on the 
crossing of primordially distinct forms. Other authors attri- 
bute variability to an excess of food, and with animals to an 
excess relatively to the amount of exercise taken, or again to  
the effects of a more genial climate. That these causes are 
all effective is highly probable. But we must, I think, take 
a broader view, and conclude that organic beings, when sub- 
jected during several generations to any change whatever in 
their conditions, tend to vary; the kind of variation which 
ensues depending in most cases in a far higher degree on the 
nature or constitution of the being, than on the nature of thc 
dhanged conditions. 
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Those authors who believe that it is a law of nature that 
each individual should differ in some slight degree from every 
other, may maintain, apparently with truth, that this is the 
fact, not only with all domesticated animals and cultivated 
plants, but likewise with all organic beings in a state of 
nature. The Laplander by long practice knows and gives 
a name to each reindeer, though, as Linnaeus remarks, “ to 
distinguish one from another among such multitudes was 
beyond my comprehension, for they were like ants on an ant- 
hill.” Ln Germany shepherds have won wagers by recog- 
nising each sheep in a flock of a hundred, which they had 
never seen until the previous fortnight. This power of 
discrimination, however, is as nothing compared to that 
which some florists have acquired. Verlot mentions a 
gardener who could distinguish 150 kinds of camellia, when 
not in flower; and it has been positively asserted that the 
famous old Dutch florist Voorhelm, who kept above 1200 
varieties of the hyacinth, was hardly ever deceived in knowing 
each variety by the bulb alone. Hence we must conclude 
that the bulbs of the hyacinth and the branches and leaves 
of the camellia, though appearing to an unpractised eye 
absolutely undistinguishable, yet really differ.l 

As Linnaeus has compared the reindeer in number to ants, 
I may add that each ant knows its fellow of the same com- 
munity. Several times I carried ants of the same species 
(Formica rufu) from one ant-hill to another, inhabited 
apparently by tens of thousands of ants ; but the strangers 
were instantly detected and killed. I then put some ants 
taken from a 1-ery large nest into a bottle strongly perfumed 
with assafoetida, and after an interval of twenty-four hours 
returned them to their home; they were a t  first threatened 
by their fellows, but were soon recognised and allowed to 
pass. Hence each ant certainly recognised, independently of 
odour, its fellow ; and if all the ants of the same community 
have not some countersign or watchword, they must present 
to each other’s senses some distinguishable character. 

‘Des Jacinthes,’ &c., Amsterdam, lated by Sir J. E. Smith, pol. i. p. 
1768, p. 43; Verlot, ‘Des VaridtBs,’ 314. The statement in regard to 
&c., p. 86. On the reindeer, see German shepherds is given on the 
Linnzus, ‘ Tour in Lapland,’ trans- authority of Dr. Weinland. 
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The dissimilarity of brothers or sisters of the same family, 
and of seedlings from the Ljaine capsule, niay 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 diffcreiit ? Hence 
the belief that  an innate tendency to vary exists, inclcpen- 
dently of external differences, seems a t  first sight probable. 
But even the seeds nurtured in  the same capsule are not sub- 
jected to absolutely uniform conditions, as they draw their 
nourishment from different points ; and we shall see in a future 
chapter that  this difference sometimes suffices to affect the 
character of the future plant. The greater dissimilarity of 
the successive children c;f the same family in comparison with 
twins, which often resemble each other in  external appearance. 
mental disposition, and constitution, in so extraordinary a 
manner, apparently proves that the state of the parents a t  the 
exact psriod of conception, or the nature of the subsequent 
embryonic development, has a direct and powerful influence 
on the character of the offspring. Kevertheless, when we 

Muller’s ‘ Physiology,’ Eng. trans- 
lation, vol. ii. p. 1662. With respect 
to the similarity of twins in consti- 
tution, Dr. William Ogle has given me 
the following extract from Professor 
Trouswau’s Lectures (‘ Clinique M6di- 
cale,’ tom. i. p. 523), in which a 
curious case is recorded :-“ J’ai donne 
mes soins B deux frkres jumeaux, tous 
deux si extraordinairement ressem- 
blants qu’il ni’btait impossible de les 
-ecunnaitre, B moins de les voir l’un 
i cat6 de l’autre. Cette ressemblanre 
physique s’eteudait plus loin : ils 
waient, permettez-moi l’expression, 
line similitude pathologique p lw re- 
marquable encore. Ainsi l’un d’eux 
que j e  voyais aux ndothermes rl Paris 
malade d’nne ophthalmie rhumatis- 
male me disait, ‘ En ce moment mon 
frhre doit avoir une ophthalmie comme 
la mienne ; ’ etcomme je m’dtais rkcrid, 
.‘1 me montrait quelques jours aprhs 
une lettre qu’il veuait de recevoir de 

ce f r h e  alors i Tienne, et qui lui 6cri- 
vait en effet-‘J’ai mon ophthalmie, 
t u  dois avoir la tienne.’ Quelque 8in- 
gulier que ceci puisse paraitre, le fait 
n’en est pas moins exact : on ne me 1’s 
pas racont6, je l’ai vu, e t  j’en ai vu 
d’autres analogues dans ma pratique. 
Ces deux jumeaux Btaient aussi tous 
deus asthmatiques, et nsthmatiqnes 
B un effroyable degrd. Originaires de 
Marseille, ils n’ont jamais pu de- 
meurer dans cette ville, ou leurs 
intGr6ts 12s appelaient souvent, sans 
Stre pris de leurs accks; jamais ils n’en 
Cprouvaient 3. Paris. Bien mieux, il 
leur suffisait de gagner Toulon pour 
&re gueris de leurs attaques de Mar- 
seille. Voyageant sans cesse et dans 
tous pays pour leurs affaires, ils 
avwient remarque que certaines 
localites leur Btaient funestes, que 
dans d’autres ils 6taient exempts de 
tout phenomkne d’oppression.” 
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reflect on the individual differences between organic beings in 
a state of nature, as shown by every wild animal knowing its 
niate; and when we rcffcct on the infinite diversity of the 
many varieties of our domesticated productions, we inay well 
be inclined to exclaim, though falsely as I believe, that 
Variability must be looked at  as an ultimate fact, necessarily 
contingent on reproduction. 

Those authors who adopt this latter view would probably 
clcny that each separate variation lias its own proper exciting 
cause. Although we can scliloiii trace the precisc relation 
Lctwccn cniisc and cffcct, xet tlic considerations Iwcsently to 
be gircn lcail to  the conclusion that cncli niotlificution niiist 
have its own clistitict caiisc, nncl is not tlic rcsirlt of wliat we 
bliiidly call acciclcnt. 'l'hc following striking cnsc lias bccn 
coinninnicatcd to inc hy Dr. JVilliain Ogle. 'l'wo girls, born 
as twins, and in all respccts extremely alike, hml their little 
fingers on both hands crooked; and in both cliilclren the 
second bicuspid tooth of tlic second dentition, on the right side 
in the upper jaw was misplaced ; for, instead of stancllng in a 
line with the others, it grew from the roof of tB0 mouth 
behind the first bicuspid. Neither the parents nor any other 
members of the family were known to have exhibited any 
similar peculiarity; but a son of one of these girls had the 
same tooth similarly misplaced. Xow, as both the girls were 
affected in exactly the same manner, the idea of accident is at  
once excluded: and w0 are compelled to admit that there 
must have existed some precise and sufficient cause which, if 
it had occurred a hundred times, would have given crooked 
fingers and misplaced bicuspid teeth to a hundred children. 
It is of course possible that this case may have been due to 
reversion to some long-forgotten progenitor, and this would 
much weaken the value of the argument. I have been led to 
think of the probability of reversion, from having been told by 
M i .  Galton of another case of twin girls born with their little 
fingers slightly crooked, which they inherited from their 
iiiuternal grandmother. 

We will now consider the general arguments, which appear 
to  me to have great weight, in favour of the view that varia- 
tions of all kinds and degrees are directly or indirectly mused 
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by the conditions of life to which each being, and more 
especially its ancestors, have been exposed. 

No one doubts that domesticated productions are more 
variable than organic beings which have never been removed 
from their natural conditions. Monstrosities graduate so in- 
sensibly into mere variations that it is impossible to  separate 
them; and all those who have studied monstrosities believe 
that they are far commoner with domesticated than with wild 
animals and plants ; and in the case of plants, monstrosities 
would be equally noticeable in the natural as in the cultivated 
state. Under nature, the individuals of the same species are 
exposed to  nearly uniform conditions, for they are rigorously 
kept to their proper places by a host of competing animals and 
plants ; they have, also, long been habituated to their condi- 
tions of life; but it cannot be said that they are subject to 
quite uniform conditions, and they are liable to  a certain 
amount of variation. The circunistanccs unclor which our 
domestic productions are reared are widely different : they 
are protected froin competition; they have not only been 
removed from their natural conditions and often from their 
native land, but they are frequently carried from district to 
district, where they are treated differently, so that they rarely 
remain during any considerable length of time exposed to 
closely similar conditions. I n  conformity with this, all our 
domesticated productions, with the rarest exceptions, vary far 
mom than natural species. The hive-bee, which feeds itself and 
follows in most respects its oatural habits of life, is the least 
variable of all domesticated animals, and probably the goose 
is the next least variable; but even the goose T-aries 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 

Isid. Geoffroy St.-Hilaire, ‘ Hist. 
des Anomalies,’ tom. iii. p. 352 ; Mo- ‘ Metzger, ‘Die Getreilenrten, 
quin-Tandon, ‘ Tdratologie VPgBtale,’ 

1841, p. 115. 

164 1 ,  S. 39. 
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doubted whether the variations of this, the least valuable of 
all our cereals, have been closely observed. 

Bud-variation, which was fully discussed in a former chap- 
ter, shows us that variability may be quite independent of 
seminal reproduction, and likewise of reversion to  long-lost 
ancestral characters. No. one will maintain that the sadden 
appearance of a moss-rose on a Provence-rose is a return to  a 
former state, for mossiness of the calyx has been observed in 
no natural species; the same argument is applicable to varie- 
gated and laciniatad leaves ; nor can the appearance of necta- 
rines on peach-trees be accounted for on the principle of rever- 
sion. Hut bud-variations more iinnicdiately conccrn us, as 
they occur far more frequently on plants which have been 
highly Cultivated during a length of time, than on other and 
less highly cultivated plants ; and very fern well-marked 
instances have been observed with plants growing under 
strictly natural conditions. I have given one instance of an 
ash-tree growing in a gentleman’s pleasure-grounds ; and 
occasionally there may be seen, on beech and other trees, 
twigs leafing at  a different period from the other branches. 
But our forest trees in England can hardly be considered as 
living under strictly natural conditions ; the seedling8 are 
raised and protected in nursery-grounds, and must often be 
transplanted into places where wild trees of the kind would 
not naturally grow. It would be esteeined a prodigy if a dog- 
rose growing in a hedge produced by bud-variation a moss- 
rose, or a wild bullace or wild cherry-tree yielded a branch 
bearing fruit of a different shape and colour from the ordinary 
fruit. The prodigy would be enhanced if these varying 
branches were found capable of propagation, not only by 
grafts, but sometimes by seed; yet analogous cases have 
occurred with many of our highly cultivated trees and herbs. 

Theee 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. 

c 
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On the Nature of the Changes in the Conditions of Life which 
induce Vuriability. 

From a remote period to the present day, under climates 
and circumstances as different as i t  is possible to conceive. 
organic beings of all kinds, when domesticated or cultivated, 
have varied. We see this with the many domestic races of 
quadrupeds and birds belonging to  different orders, with gold- 
fish and silkworms, with plants of many kinds, raised in 
various quarters of the world. I n  the deserts of northern 
Africa the date-palm has yielded thirty-eight varieties ; in 
the fertile plains of India it is notorious how many varieties 
of rice and of a host of other plants exist ; in a single Poly- 
nesian island, twenty-four varieties of the bread-fruit, the 
same number of the banana, and twenty-two varieties of the 
:trum, are cultivated by the natives; the mulberry-tree in 
India and Enrope has yielded many varieties serving as food 
for the silkworm ; and in China sixty-three varieties of the 
bamboo are used for various domestic purp~ses .~  These facts, 
and innumerable others which could be added, indicate that 
a change of almost any kind in the conditions of life suffices 
to cause variability-di fferent changes acting on different 
organisms. 

attributed the variation of both animals 
and plants to a moreabundant supply of nourishment, or to  a 
more favoiirable 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 sping frosts, and 
peaches, which require the protection of a wall, have varied 
much in England, as has the orange-tree in northern Italy, 
where it is barely able to  exist.7 Kor can we overlook the 

Andrew Knight 

5 On the date-palm, see Vogel, 
‘Annals and Mag. of “at. Hist.,’ 
1854, p. 460. On Indian varieties, 
Dr. F. Hamilton, ‘Transact. Linn. 
SOC.,’ vol. xiv. p. 296. On the varie- 
ties cultivated in Tahiti, sce Dr. 
Bennett, in Loudon’s ‘Mag. of N. 
Hist.,’ v01. v., 1832, p. 484. Also 
Ellis, ‘ Polynesian Researches,’ vol. i .  
pp. 370, 375. On twenty varieties 

of the Pandanus and other trees in 
the Marianne Island, see ‘Hooker’s 
Miscellany,’ vol. i. p. 308. On the 
bamboo in China, see Huc’s ‘ Chinese 
Empire,’ vol. ii. p. 307. 

‘Treatise on the Culture of the 
Apple,’ &c., p. 3. 

Gallesio, ‘Teoria della Ripro. 
dnzione Veg.,’ p. 125. 


































