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CHAPTER XXIV,

LAWS OF VARIATION—USE AND DISUSE, ETC.

NISUS FORMATIVUS, OR THE CO-ORDINATING POWER OF THE GRGANISATION—
ON THE EFFECTS OF THE INCREASED USE AND DISUSE OF ORGANS-—
CHANGED HABITS OF LIFE—ACCLIMATISATION WITH ANIMALS AND PLANTS
—VARIOUS METHODS RBY WHICH THIS CAN BE EFFECTED—ARRESTS OF
DEVELOPMENT—RUDIMENTARY ORGANS.

I~ this and the two following chapters I shall discuss, as well
as the difficulty of the subject permits, the several laws which
govern Variability. These may be grouped under the effects
of use and disuse, including changed habits and acclimatisation
—arrest of development—correlated variation—the cohesion
of homologous parts—the variability of multiple parts—com-
pensation of growth—the position of buds with respect to the
axis of the plant—and lastly, analogous variation. These
several subjects so graduate into one another that their dis-
tinction is often arbitrary.

It 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
designated by physiologists as nisus formativus.

Blumenbach and others! have insisted that the principle which
permits a Hydra, when cut into fragments, to develop itself into
two or more perfect animals, is the same with that which causes
a wound in the higher animals to heal by a cicatrice. Such cases
as that of the Hydra are evidently analogous to the spontaneous
division or fissiparous generation of the lowest animals, and like-
wise to the budding of plants. Between these extreme cases and
that of & mere cicatrice we have every gradation. Spallanzani? by
cutting off the legs and tail of a Salamander, got in the course of three
months six crops of these members; so that 687 perfect bones were
reproduced by one animal during one season. At whatever point

1 ¢An Essay on Generation,” Eng. 209,
translat., p. 18; Paget, ¢ Lectures on 2 ¢ An Essay on Animal Reprodue-
Surgical Pathology,” 1853, vol. i. p.  tion,” Eng. translat., 1769, p. 79.
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the limb was cut off, the deficient part, and no more, was exactly
reproduced. When a diseased bone has been removed, a new one
sometimes * gradually assumes the regular form, and all the attach-
““ments of muscles, ligaments, &c., become as complete as before.”

This power of re-growth does not, however, always act perfectly;
the reproduced tail of a lizard differs in the form of the scales from
the normal tail: with certain Orthopterous insects the large hind
legs are reproduced of smaller size:* the white cicatrice which in
the higher animals unites the edges of a deep wound is not formed
of perfect skin, for elastic tissue is not produced till long afterwards.®
“ The activity of the nisus formativus,” says Blumenbach, “is in an
“inverse ratio to the age of the organised body.” Its power is also
greater with animals, the lower they stand in the scale of organi-
sation ; 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 he found that “ myriapods,
“ whose highest development scarcely carrics them beyond the larvee
“of perfect insects, can regenerate limbs and antennee up to the
“ time of their last moult;” and so can the larvae of true insects,
but, except in one order, not in the mature insect. Salamanders cor-
respond in development with the tadpoles or larve of the tailless
Batrachians, and both possess to a large extent the power of re-
growth ; but not so the mature tailless Batrachians.

Absorption often plays an important part in the repair of injuries.
‘When a bone is broken and does not unite, the ends are absorbed
and rounded, so that a false joint is formed; or if the ends unite,
but overlap, the projecting parts are removed.” A dislocated bone
will form for itself a new socket. Displaced tendons and varicose
veins excavate new channels in the bones against which they press.
But absorption comes into action, as Virchow remarks, during the
normal growth of bones; parts which are solid during youth become
hollowed out for the medullary tissue as the bone increases in size.
In trying to understand the many well-adapted cases of re-growth
when aided by absorption, we should remember that almost all
parts of the organisation, even whilst retaining the same form,
undergo constant renewal ; so that a part which is not renewed would
be liable to absorption.

Some cases, usually classed under the so-called nisus formativus,
at first appear to come under a distinct head ; for not only are old
structures reproduced, but new structures are formed. Thus, after
indammation “false membranes,” furnished with blood-vessels,
lymphatics, and nerves, are developed ; or a feetus eseapes from the

3 Carpenter’s ¢ Principles of Comp.  Phys.,” p. 479.

Physiology,” 1854, p. 479. ? Prof. Marey’s discussion on the
4+ Charlesworth’s ¢ Mag. of Nat. power of co-adaptation in all parts of

Hist.,” vol. i., 1837, p. 145. the organisation is excellent. ¢La
5 Paget, ‘Lectures on Surgical Machine Animale,” 1873, chap. ix. See

Pathology,” vol. i. p. 239. also Paget, ¢ Lectures,” &c., p. 257.

¢ Quoted by Carpenter, ¢Comp.
y P P
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Fallopian tubes, and falls into the abdomen, “ nature pours out a
« quantity of plastic lymph, which forms itself into organised mem-
“brane, richly supplied with blood-vessels,” and the fowtus is
nourished for a time. In certain cases of hydrocephalus the open
and dangerous spaces in the skull are filled up with new bones,
which interlock by perfect serrated sutures.® But most physiolo-
gists, especially on the Continent, have now given up the belief in
plastic lymph or blastema, and Virchow® maintains that every
structure, new or old, is formed by the proliferation of pre-existing
cells. On this view false membranes, like cancerous or other
tumours, are merely abnormal! developments of normal growths ;
and we can thus understand how it is that they resemble adjoining
structures; for instance, that a “false membrane in the serous
“ cavities acquires a covering of epithelium exactly like that which
 covers the original serous membrane; adhesions of the iris may
“ become black apparently from the production of pigment-cells like
“ those of the uvea.”

No doubt the power of reparation, though not always perfect, is
an admirable provision, ready for various emergencies, even for such
as occur only at long intervals of time.”* Yet this power is not more
wonderful than the growth and development of every single creature,
more especially of those which are propagated by fissiparous gene-
ration, This subject has been here noticed, because we may infer
that, when any part or organ is either greatly increased in size or
wholly suppressed through variation and continued selection, the
co-ordinating power of the organisation will continually tend to
bring again all the parts into harmony with one another.

On the Effects of the Increased Use and Disuse of Organs.

It is notorious, and we shall immediately adduce proofs,
that increased use or action strengthens muscles, glands,
sense-organs, &c.; and that disuse, on the other hand, weakens
them. It has been experimentally proved by Ranke!? that
the flow of blood is greatly increased towards any part which
is performing work, and. sinks again when the part is at rest.
Consequently, if the work is frequent, the vessels increase in
size and the part is better nourished. Taget'® also accounts
for the long, thick, dark-coloured hairs which occasionally

8 These cases are given by Blumen- 12 ¢Dije Blutvertheilung, &c. der
bach in his ¢ Essay on Generation,’ pp.  Organe,” 1871, as quoted by Jaeger,
52, 54, ‘In Sachen Darwin’s, 1874, p. 48.

# ¢ Cellular Pathology,” trans. by  See also H. Spencer, ¢The Principles
Dr. Chance, 1860, pp. 27, 441. of Biology,’ vol. ii. 1866, chap, 3~5.

10 Paget, ¢ Lectures on Pathology,’ 12 ¢Lectures on Pathology,” 1853,
vol. 1., 1853, p. 357. vol. i. p. 71.

11 Paget, ibid., p. 150.
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grow, even in young children, near old-standing inflamed
surfaces or fractured bones by an increased flow of blood to
the part. 'When Hunter inserted the spur of a cock into the
comb, which is well supplied with blood-vessels, it grew in
one case spirally to a length of six inches, and in another case
forward, like a horn, so that the bird could not touch the
ground with its beak. According to the interesting observa-
tions of M. Sedillot,}* when a portion of one of the bones of
the leg of an animal is removed, the associated bone enlarges
till it attains a bulk equal to that of the two bones, of which
it has to perform the functions. This is best exhibited in
dogs in which the tibia has been removed ; the companion
bone, which is naturally almost filiform and not one-fifth the
size of the other, soon acquires a size equal to or greater than
that of the tibia. Now, it is at first difficult to believe that
increased weight acting on a straight bone could, by alternately
increasing and diminishing the pressure, cause the blood to
flow more freely in the vessels which permeate the periosteum
and thus supply more nutriment to the bone. Nevertheless
the observations adduced by Mr. Spencer,® on the strengthen-
ing of the bowed bones of rickety children, along their con-
cave sides, leads to the belief that this is possible.

The rocking of the stem of a tree increases in a marked
manner the growth of the woody tissue in the parts which are
strained. DProf. Sachs believes, from reasons which he assigns,
that this is due to the pressure of the bark being relaxed in
such parts, and not as Knight and H. Spencer maintain, to
an increased flow of sap caused by the movement of the
trunk.’® But hard woody tissue may be developed without
the aid of any movement, as we see with ivy closely attached
to an old wall. In all such cases, it is very difficult to distin-
guish between the effects of long-continued selection and those
which follow from the increased action of the part, or directly
from some other cause. Mr. H. Spencer!” acknowledges
this difficulty, and gives as an instance the thorns on trees

14 ¢Comptes Rendus,’ Sept. 26th, 16 Ibid,, vol. ii. p. 269. Sachs,
1864, p. 539. ¢ Text-book of Botany,” 1875, p. 734.
15 H. Spencer, ¢The Principles of 17 Ihid., vol. ii. p. 273.
Biology,’ vol. ii. p. 243.
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and the shells of nuts. Here we have extremely hard woody
tissue without the possibility of any movement, and without,
as far as we can see, any other directly exciting cause; and as
the hardness of these parts is of manifest service to the plant,
we may look at the result as probably due to the selection of
so-called spontaneous variations. Every one knows that hard
work thickens the epidermis on the hands; and when we
hear that with infants, long before birth, the epidermis is
thicker on the palms and soles of the feet than on any other
part of the body, as was observed with admiration by Albinus,!®
we are naturally inclined to attribute this to the inherited
effects of long-continued use or pressure. We are tempted to
extend the same view even to the hoofs of quadrupeds’; but
who will pretend to determine how far natural selection may
have aided in the formation of structures of such obvious
impertance to the animal ?

Cuar. XXIV. EFFECTS OF USE AND DISUSE.

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 crests of bone to which they are
attached, become enlarged ; and this must likewise be the case with
the blood-vessels and nerves. On the other hand, when a limb is
not used, as by Eastern fanatics, or when the nerve supplying it
‘with nervous power is effectually destroyed, the muscles wither.
So again, when the eye is destroyed the optic nerve becomes
atrophied, sometimes even in the course of a few months.”® The
Proteus is furnished with branchie as well as with lungs: and
Schreibers® found that when the animal was compelled to live in
deep water, the branchiee were developed to thrice their ordinary
size, and the lungs were partially atrophied. When, on the other
hand, the animal was compelled to live in shallow water, the lungs
became larger and more vascular, whilst the branchiee disappeared
in a more or less complete degree. Such modifications as these are,
however, of comparatively little value for us, as we do not actually
know that they tend to be inherited.

In many cases there is reason to believe that the lessened use of
various organs has affected the corresponding parts in the offspring.
But there is no good evidence that this ever follows in the course
of a single generation. It appears, as in the case of general or in-

18 Paget, ¢ Lectures on Pathology,’
vol. ii. p. 209.

1» Miiller’s ¢ Phys.,” Eng. translat.,
pp. 54, 791. Prof. Reed has given
(¢ Physiological and Anat. Researches,’

p- 10) a curious account of the atrophy
of the limbs of rabbits after the de-
struction of the nerve,

20 Quoted by Lecoq, in ¢ Géograph.
Bot..” tom. i, 1854, p. 182.
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definite variability, that several generations must be subjected to
changed habits for any appreciable result. Our domestic fowls,
ducks, and geese have almost lost, not only in the individual but
in the race, their power of flight; for we do not see a young fowl,
when frightened, take flight like a young pheasant. Hence I was
led carefully to compare the limb-bones of fowls, ducks, pigeons,
and rabbits, with the same bones in the wild parent-species. As
the measurements and weights were fully given in the earlier
chapters I need here only recapitulate the results. With domestie
pigeons, the length of the sternum, the prominence of its crest,
the length of the scapule and furculum, the length of the wings as
measured from tip to tip of the radii, are all reduced relatively to the
same parts in the wild pigeon. The wing and tail feathers, however,
are increased in length, but this may have as little connection with
the use of the wings or tail, as the lengthened hair on a dog with
the amount of exercise which it has habitually taken. The feet of
pigeons, except in the long-beaked races, are reduced in size. With
fowls the crest of the sternum is less prominent, and is often dis-
torted or monstrous ; the wing-bones have become lighter relatively
to the leg-bones, and are apparently a little shorter in comparison
with those of the parent-form, the Gallus bankiva. With ducks,
the crest of the sternum is affected in the same manner as in the
foregoing cases : the furculum, coracoids, and scapula are all reduced
in weight relatively to the whole skeleton : the bones of the wings
are shorter and lighter, and the bones of the legg longer and heavier,
relatively to each other, and relatively to the whole skeleton, in
comparison with the same bones in the wild-duck.. The decreased
weight and size of the bones, in the foregoing cases, is probably the
indirect result of the reaction of the weakened muscles on the bones.
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
domestic duck they often hardly reach to its base. He remarks
also on the greater thickness of the legs, and says that the swimming
membrane between the toes is reduced ; but I was not able to
detect this latter difference.

‘With the domesticated rabbit the body, together with the whole
skeleton, is generally larger and heavier than in the wild animal,
and the leg-bones are heavier in due proportion ; but whatever
standard of comparison be taken, neither the leg-bones nor the
scapule have increased in length proportionally with the increased
dimensions of the rest of the skeleton. The skull has become in a
marked manner narrower, and, from the measurements of its
capacity formerly given, we may conclude, that this narrowness
results from the decreased size of the brain, consequent on the
mentally inactive life led by these closely-confined animals.

‘We have seen in the eighth chaptfer that silk-moths, which have

21 ¢ Das Abandern der Vigel,” 1833, s. 74.





































































