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CHAPTER XXV. 
LAWS OF VARIATION, continued - CORRELATED VARIABILITY. 

EXPLANATION O F  TERM CORRELATION-CONNECTED WITH DEVEOLPMENT- 
YODIFICATIONS CORRELATED WITH T H E  INCREASED OR DECREASED SIZE 
OF PARTS-CORRELATED VARIATION O F  HOMOLOGOUS PARTS-FEATHERED 
F E E T  I N  BIRDS ASSUMING T H E  STRUCTURE OF T H E  WINGS-CORRELATION 
BEI!WEEN T H E  HEAD AND T H E  EXTREMITIES-BETWEEN T H E  SKIN AND 
DERMAL APPENDAGES-BETWEEN T H E  ORGANS OF SIGHT AND HEARING- 
CORRELATED MODIFICATIONS I N  T H E  ORGANS OF PLANTS-CORRELATED 
MONSTROSITIES-CORRELATION BETWEEN T H E  SKULL AND EARS-SKULL 
AND CREST OF FEATHERS-SKULL AND HORNS-CORRELATION OF GROWTH 
COBIPLICATED BY T H E  ACCUMULATED EFFECTS O F  NATURAL SELECTION- 
COLOUR AS CORRELATED WITIT CONSTITUTIONAL PECULIARITIES. 

ALL parts of the organisation are to a certain extent connected 
together ; but the connection inay be so slight that i t  hardly 
exists, as with coinpound animals or the buds on the same tree. 
Even in the higher animals various park are not a t  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 om part varies, 
certain other par& always, or nearly always, simultaneously 
vary; they are then subject to the law of correlated varia- 
tion. The whole body is admirably co-ordinated for the pecu- 
liar habits of life of each organic being, and may be said, a8 
the Duke of Argyll insists in his ‘ Reign of Law,’ to be corre- 
lated for this purpose. Again, in large groups of animals 
certain structures always co-exist : for instance, a peculiar 
form of stomach with teeth of peculiar form, and such 
structures may in one sense be said to be correlated. But 
these cases have no necessary connection with the law to be 
discussed in the present chapter; for we do not know that 
the initial or primary variations of the several parts were in 
any way related : slight modifications or individual differ- 
ences may have been preserved, first in one and then in another 
part, until the final and perfectly co-adapted structure was 
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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 de- 
stroyed these characters disappear. But it was shown in the 
twelfth chapter that the very same peculiarity may become 
attached at  any age to either sex, and afterwards be exclu- 
sively transmitted to the same sex at  a corresponding age. 
In  these cases we have inheritance liniitcd by both sex and 
age ; but we have no reason for supposing that the original 
cause of tlie variation was ricccssarily connected with the 
reproductive organs, or with tlie awe of the affected being. 

I n  cases of true corrolatecl variation, we are soinetimes able 
to see the nature of tlie connection ; but in most cases it is 
hidden from us, and certainly differs in different cases. We 
can seldoin my which of two correlated parts first varies, 
and induces a cliniigc in the otlier ; OF wliether the two are 
the effects of some coiiinion muse. Correlated variation is 
an important subject for us ; for when one part is modified 
through continued selection, either by inan or under nature, 
other parts of the organisation will be unavoidably modified. 
From this correlation i t  apparently follows that with our 
domesticated animals and. plants, Yarieties rarely OF never 
differ from one another by a single character alone. 

One of the simplest cases of correlation is that a modification 
which arises during an early stage of growth tends to influ- 
ence the subsequent development of the same part, as well as of 
other and intimately connected parts. Isidore Geoffroy Snint- 
Hilaire states1 that this may constantly be observed with 
monstrosities in the animal kingdom ; and Dloquin-Tandon 
remarks, that, as with plants the axis cannot become mon- 
strous without in someway affecting the organs subsequently 
produced from it, so axial anomalies are almost always 

b. 

* ' Hist. des Anomalies,' tom. iii. p. 
392. Prof. lIuxley applies the same 
principle in accounting for the re- 
markable, though normal, differences 
in the arrangement of the nervous 1841, p. 13. 
system in the Mollusca, in his paper 

on the Morphology of the Cephalous 
Mollusca, in ' Phil. Transact.,' 1853, 
p. 56. 

* ' ElBments de Tiratologie Ykg., 
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accompanied by deviations of structure in the appended parts. 
We shall presently see that with short-muzzled races of the 
dog certain histological changes in the basal elements of the 
bones arrest their development and shorten them, and this 
affects the position of the subsequently developed molar teeth. 
It is probable that certain modifications in the larvz of 
insects would affect the structure of the mature insects. But 
we must be careful not to extend this view too far, for 
during the normal course of development, certain species pass 
through an extraordinary course of change, whilst other and 
closely allied species arrive at  maturity with little change 
of structure. 

Another simple case of correlation is that with the increased 
or decreased dimensions of the whole body, or of any parti- 
cular part, certain organs are increased or diminished in 
number, or are otherwise modified. Thus pigeon-fanciers have 
gone on selecting pouters for length of body, and we have 
seen that their vertebrac are generally increased not only in 
size but 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-expanded tails, with nu- 
merous tail-feathers, and the caudal vertebrae 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. I n  this latter breed and 
in others having large feet, the number of the scutellae on the 
toes is greater than in the breeds with small feet. Many 
similar cases could be given. I n  Germany it has been 
observed that the period of gestation is longer in large than 
in small breeds of cattle. With our highly-improved 
breeds of all kinds, the periods of maturity and of repro- 
duction have advanced with respect to the age of the 
animal; and, in correspondence with this, the teeth are 
now developed earlier than formerly, so that, to the surprise 
of agriculturists, the ancient rules for judging of the age of 
an animal by the state of its teeth are no longer tru~tworthy.~ 

9 Prof. J. B. Simonds, on the Age of the Ox, Sheep, &c., quoted in ‘Garb 
Chronicle,’ 1854, p. 588. 
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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 enlbryonic 
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 riglit and left 
sides of the body, is the simplest case in point; but this 
symmetry sometimes fails, as with rabbits having only one 
ear, or stags with one horn, or with many-horned sheep 
which sometimes carry an additional horn on one side of their 
heads. With flowers which have regular corollas, all the petals 
generally vary in the same manner, as we see in the com- 
plicated and symnictrical pattern, on the flowers, for instance, 
of the Chinese pink ; but with irregular flowers, though the 
petals are of course homologous, this symmetry often fails, 
as with the varieties of the Antirrliinum or snapdragon, or 
that variety of the kidney-bean (Phaseolus) which has a 
white standard-petal. 

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 Geoffroy4 has remarked on the ten- 
dency of supernumerary digits in man to appear, not only on 
the right and left sides, but on the upper and lower extremi- 
ties. Meckel has insisted that, when the muscles of the arm 
depart in number or arrangement from their proper type, they 
almost always imitate those of the leg ; and so conversely the 
varying muscles of the leg imitate the normal muscles of the 
arm. 

I n  several distinct breeds of the pigeon and fowl, the legs 
and the two outer toes are heavily feathered, so that in the 
trumpeter pigeon they appear like little wings. In the 
feather-legged bantam the " boots" or feathers, which grow from 
the outside of the leg and generally from the two outer toes, 
have, according to the excellent authority of Mr. Hewitt,'j 

674. ti 'The Poultry Book,' by W. B. 

In  the Vertebrata the front and hind limbs are homol-, u@OUS, 

4 ' Hist. des Anomalies,' tom. i. p. 

Quoted by Isid. Geoffroy, ibid., 

tom. i. p. 605. 

Tegetmeier, 1866, p. 250. 
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been seen to exceed the wing-feathers in length, and in one 
case were actually nine and a half inches long! As Mr. 
Rlyth has remarked to  me, these leg-feathers resemble the 
primary wing-feathers, and are totally unlike the fine down 
which naturally grows on the legs of some hirds, such 8s 
grouse and owls. Hence it may be suspected that excess of 
food has first given redundancy to the plumage, and then 
that the law of homologous variation has led to the develop- 
ment of feathers on the legs, in a position corresponding with 
those on the wing, namely, on the outside of the tarsi and 
toes. I am strengt.hened in this belief by the following 
curious case of correlation, which for a long time seemed to  
ine utterly inexplicable, namely, that in pigeons of m y  breed, 
if the legs are feathered, the two outer toes are partially 
connected by skin. These two outer toes correspond with 
our third and fourth toes.7 Now, in  the wing of the pigeon 
or of any other bird, the first and fifth digits are aborted ; tho 
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 
exterior surface support a row of long feathers, like wing- 
feathers, bnt the very same digits which in the wing are 
completely nnited 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 usually vary together in general proportions. 
Compare, for instance, the limbs of a dray and race horse, or 
of a greyhound and mastiff. What a monster a greyhound 
would appear with the head of a mastiff! The modern 
bulldog, however, has fine limbg, but this is a recently-selected 
character. From the measurements given in the sixth 

Naturalists differ with respect Lyceum of "at. IIist. of New York,' 
to the homologies of the digits of 
birds; but several uphold the view * A. Walker on Intermarrioge, 
above advanced. See on this subject 1838, p. 160. 
Dr. E. S. Morse in 'Annals of the 

vol. x., 1872, p. 16. 
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chapter, we see that in several breeds of the pigeon the length 
of the beak and the size of the feet are correlated. The view 
which, as before explained, seems the most probable is, that 
disuse in all cases tends to diminish the feet, the beak 
becoming at  the same time shorter through correIation ; but 
that in some few breeds in which length of beak has been a 
selected point, the feet, notwithstanding disuse, have increased 
in size through correlation. I n  the following case some kind 
of correlation is seen to exist between the feet and beak : 
several specimens have been sent to Mr. Bartlett at different 
times, as hybrids between ducks and fowls, and I have seen 
one ; these were, as might be expected, ordinary ducks in a 
semi-monstrous condition, and in all of them the swimming- 
web between the toes was quite deficient or much reduced, 
and in all the beak was narrow and ill-shaped. 

With the increased length of the beak in pigeons, not only 
the tongue increases in length, but likewise the orifice of the 
nostrils. But the increased length of the orifice of the 
nostrils perhaps stands in closer correlation with the develop- 
ment of the corrugated skin or wattle at  the base of the beak, 
for when there is much wattle round the eyeq the eyelids are 
greatly increased or even doubled in length. 

There is apparently some correlation even in colonr between 
the head and the extremities. Thus with horses a large white 
star or blaze on the forehead is generally accompanied by white 
feet.g With white rabbits and cattle, dark marks often 
co-exist on the tips of the ears and on the feet. In  black 
and tan dogs of different breeds, tan-coloured spots over the 
eyes and tan-coloured feet almost invariably go together. 
These latter wses of connected coloitring may be due either 
t o  reversion or to analogous variation,-subjects to which I 
shall hereafter return,-but this does not necessarily determine 
the question of their original correlation. Mr. H. W. Jackson 
informs me that he has observed many hundred white-footed 
cats, and he finds that all are more or less conspicuously 
marked with white on the front of the neck or chest. 

9 ' The Farrier and Naturalist,' me that about three-fourths of white- 
vol. i., 1828, p. 456. A gentleman 
who has attended to this point, tells 

faced horses have white legs. 
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The lopping fQrwards and downwards of the immense ears 

of fancy .rabbits seems partly due to the disuse of the muscles, 
and partly to the weight and length of the ears, which have 
been increased by selection during many generations. Now, 
with the increased size and changed direction of the ears not 
only has the bony auditory meatus become changed in outline, 
direction, and greatly in size, but the whole skull has been 
slightly modified. This could be clearly seen in “ half-lops ” 
-that is, in rabbits with only one ear lopping forward-for 
the opposite sides of their skulls were not strictly symmetrical. 
This seems to me a curious instance of correlation, between 
hard bones and organs so soft and flexible, as well as so 
unimportant under a physiological point of view, as tho 
external ears. The result no doubt is ‘largely due to mere 
mechanical action, that is, t o  the weight of tho 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. The colour of the skin 
and hair, and the odour emitted by the glands of the skin, 
are said1° to be connected, even in the same race of men. 
Generally the hair varies in the same wap 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, and through correlation 
these feathers in the male always assume the forin 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 

10 Godron, ‘ Sur l’Espkce,’ tom. ii. p. 217. 
































