CHAPTER VIL
THE EVIDENCE FROM VARIATION.

Causes of variation—Changed conditions of life induce varia-
bility—No particulat kind of change is necessary—Variabil-
ity is almost exclusively confined to organisms produced
from fertilized ova—Bud variation very rare—Ilistory of
the Italian orange—The frequency of variation in organ-
isms produced from sexual union, as compared with its infre-
quency in those produced asexually, receives a direct expla-
nation Ly our theory of heredity—Bud variation more
frequent in cultivated than in wild plants—Our theory
would lead us to expect this—Changed conditions do not
act directly, but they cause subsequent generations to vary
—Tendency to vary is hereditary—These facts perfectly ex-
plicable by our theory—Specific characters more variable
than generic—Species of large genera more variable than
those of small genera—A part developed in an unusual way
highly variable—Law of equable variation—Seccondary sex-
ual characters variable—Natural selection cannot act to
produce permanent modification unless many individuals
vary together—OQur theory is the only explanation of the
simultaneous variation of many individuals—This theory
also- simplifies the evolution of complex structures—Salta-
tory evolution—This is explained by our theory of heredity
—Correlated variation of homologous parts—Parts confined
to males more variable than parts confined to females—
Males more variable than females—Summary of last two
chapters.

The Causes of Variation.

CERTAIN authors have held that variability is a neces-
sary accompaniment of reproduction; that it is deter-
mined by something within rather than without the or-
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ganism, but Darwin, after long and careful study of the
subject, reaches the conclusion that each variation is ex-
cited by a change of some kind in the environment. It
is impossible to expose animals for any length of time to
absolutely uniform conditions, and we therefore find
that when careful attention is given to the subject, mi-
nute individual differences may be detected in animals
which are apparently most uniform. A shepherd easily
learns to recognize each sheep in a large flock, and ants
are able to perceive a difference between the members
of their own community and those from another nest.

It is impossible to show by direct proof that uniform
conditions of life would prevent variation; but it is
quite possible to approach the subject from the other
side, and to show that slight external changes cause
slight variability, and greater changes greater variabil-
ity.

Wild animals and plants vary somewhat and have in-
dividual peculiarities, for each one is under slightly dif-
ferent relations ‘to the external world from all the
others, but as compared with domesticated species their
conditions of life are very uniform.

A wild animal has become habituated to the circum-
stances under which it lives, by exposure, for generations
after gencrations to the action of natural selection, and a
host of competing animals tend to keep it in its place,
but domesticated animals are protected from their ene-
mies and competitors, they arc removed from their nat-
ural conditions, and they are frequently carried from
their native land and are exposed in other countries to
unnatural food and climate. They are compelled to
change their habits, and they are never left long at
rest, or exposed for any considerable length of time to
closely similar conditions, but they are carried from dis-
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trict to district, and their food and treatment varies
considerably.

We accordingly find that, with few exceptions, all our
domesticated animals and plants vary more than their
wild relations, Even the goose, one of the least varia-
ble of domesticated animals, varies more than almost
any wild bird, and according to Darwin, hardly a single
plant can be named, which has long been propagated
and cultivated by sced, that is not highly variable.

These considerations force us to conclude that varia-
bility is not a necessary contingent of reproduction, but
that the production of the gemmules which give rise to
variation is excited by changes in external conditions,
and we must agree with Darwin that ¢ it is 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 ex-
pose all the individuals of a species during many gener-
ations to absolutely uniform conditions of life, there
would be no variability.”

When we come to examine the effect of different con-
ditions of life we find that we cannot attribute the varia-
bility to one rather than the other. The essential thing
is change, but not any particular kind of change.

Variation is frequently caused by a change of climate,
but this is by no means eossential, for most cultivated
plants yield more varieties when cultivated in their na-
tive country than when removed to other climates.
(Darwin, Variation, ii. p. 310.)

Change of food is often a cause of variation, but that
this is not necessary is shown by the fact pointed out by
Darwin, that fowls and pigeons are the most variable of
domesticated animals, although their food.is nearly the
same as that of their wild allies, but is much less varied
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than that which they would find for themselves in a
state of nature.

Excess of food often causes variation, yet the turkey
and goose have been encouraged and tempted for gener-
ations to feed to excess, and they have varied but little.

These examples show that the character of the change
is unimportant, and that variability cannot be attribu-
ted to the exclusive influence of any particular class of
external conditions; that the exciting cause of variation
is change, but not any particular kind of change.

Darwin quotes a number of cases to show how slight
a change may result in variability.

T'hus the wild horses of the pampasof South America
are of one of three colors, and the wild cattle are of one
color; but when the same horses and cattle are domesti-
cated, although they are not confined, but are allowed to
run atlarge like the wild forms, they entirely lose their
gimilarity of color, and display the greatest diversity in
this particular. In India several species of fresh-water
fishes are reared in great tanksas large as natural ponds,
and they are all very variable. Darwin quotesfrom Down-
ing the statement that varieties of the plum and peach
which breed truly by seed, lose this power, and like
other worked trees give variable seedlings when grafted
on another stock.

Variability almost Exclusively Confined to Organism
Produced from Fertilized Ova.

The only method open to us besides the study of hy-
brids for observing the influence of the sexes in heredity,
is by a comparison of sexual with asexual heredity. As
I shafl show in another place, all the various forms of
asexunal reproduction are so connected that we may pass
from tission, or the formation of two new organisms
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by the splitting of one old one, to parthenogenesis, or re-
production from unfertilized ova, without finding any
important gap in the series, and we may safely conclude
that all these forms of reproduction are fundamentally
alike.

So far as regards the physical side of the problem of
heredity, the only essential difference between asexual
reproduction and sexual reproduction is the absence
of fertilization or union with a male cell in the one case,
and its occurrence in the other case.

It is therefore extremely important to compare the two
“processes, in order to discover whether this physical dif-
ference is accompanied by any difference in the result.
In the one case we have heredity with the male factor
omitted, and in the other we have heredity with a male
factor, and if there is any constant difference in the re-
sult, we may safely attribute it to this factor.

In making this comparison we are almost compelled to
restrict ourselves to plants, for although asexual repro-
duction is not at all unusual in animals, it is restricted,
with one exception, to animals which are not domesti-
cated or reared by man, and we therefore know too little
about the minute details of their life to make use of them
forour purpose. The number of plants which have been
cultivated and carefully observed and studied by man is
very great, and as most of them multiply asexually by bud-
ding, as well as by fertilized seeds, we here have abundant
material for comparative study, and it is well established
by hundreds of thousands of observations that the pres-
ence or absence of the influence of the male clement does
have an influence upon the result of the reproductive
process, and that this result is exactly what our view
of the nature of the process wounld lead us to cxpect.
Plants produced from fertilized seeds differ from those
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produced from buds only in their greater tendency to
vary. DBud variations do ocecur, but they are very un-
usual, while more or less variation in seedling plants is
almost universal.

As we suppose that any cell may, when excited by
unfavorable conditions, throw off gemmules, the gem-
mules may find their way, by a sort of accident, to
growing buds, and thus cause variation. We should
therefore expect bud variation to occur occasionally,
but very much less frequently than variation in seed-
lings.

This is so well known to be the case that many authors
have held that there can be no variation without sexual
union. Darwin has shown, however, by a long list of
instances of bud variation in plants, that this is not
absolutely true, and the weight of his authority has led
to the almost universal acceptance of his conclusion that
there is no essential difference between asexual and sexunal
heredity. I shall discuss this conclusion at length in
another place, as I believe that the facts demand an in-
terpretation which is somewhat different from the one
which Darwin furnishes. At present I simply wish to
call attention to the fact that all authorities agree that
variation is almost infinitely more common in sexual than
it is in asexnal offspring.

Ascxnal multiplication in animals is restricted to the
lower forms which are of little use to man, and as these
forms have not been domesticated and carefully observed,
our knogledge of the variability of organisms produced
asexually is almost entirely derived from the study of
plants.

The only instance in domesticated animals of anything
like asexual reproduction is the parthenogenetic repro-
duction of bees, and it is therefore interesting to note
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that the hive-bee is the least variable of all domesticated
animals (Darwin, Variation, Vol. ii. p. 307).

Darwin says ( Variation, Vol. i. p. 360) that he pro-
cured a hive full of dead bees from Jamaica, where they
have long been naturalized, and on carefully comparing
them under the microscope with his own bees, could
not detect a trace of difference.

With plants it is well known to all cultivators that
forms which are highly variable as seedlings can be kept
perfectly true by asexunal propagation, and we have Dar-
win’s authority ( Variation, Vol. ii. p. 307, and Vol. 1.
p- 429) for the statement that while hardly a single plant
can be named which haslong been cultivated and prop-
agated by seed that is not highly variable, the total
number of instances of bud variation és as nefhing in
comparison with seminal varieties.

This contrast is the more remarkable when we recollect

_that in most of our cultivated plants the number of buds
which develop is thousands of times greater than the
number of seeds which give rise to plants. It is clear
that if the chance of variation were the same in both
cases the number of bud variations would be thousands
of times greater than the number of seedling variations.
If there were thousands of chances of seedling variation
for one chance of bud variation, the number of bud
varieties would still be equal to the number of seedling
varieties.

The fuct that with all this probability in their favor,
bud varieties are very rare as compared with seedling
varieties, shows that the chance of bud variation is al-
most infinitely small as compared with the chance of
seedling variation.

While we cannot deny that variation may sometimes
occur in organisms produced asexually, I think we are



The Evidence from Variation. 147

justified in giving great emphasis to the law that varia-
bility is almost exclusively the characteristic of organ-
isms produnced from fertilized ova.

Durwin says ( Variation, Vol. ii. pp. 351 and 377),
¢“When we reflect on the millions of buds which many
trees have produced before some one bud has varied, we
arc lost in wonder what the precise cause of each varia-
tion can be.” ¢ Habit, however much prolonged, rarely
produces any effect on a plant propagated by buds: it
apparently acts only through successive seminal genera-
tions.”

The curious history of the naturalization of the orange
in Italy, quoted by Darwin on the authority of Gal-
lesio (Theoria della Riproduzione Veg, 1816, p. 123), is
very interesting in tjis connection. During many cen-
turies the sweet orange was propagated exclusively by
grafts, and so often suffered from frost that it required
protection. After the severe frost of 1709, and more es-
pecially after that of 1763, so many trees were destroyed
that scedlings from the sweet orange were raised, and to
the surprise of the inhabitants their fruit was found to
Le sweet.  The trees thus raised were larger, more pro-
ductive and hardier than the former kinds, and seed-
lings were now constantly raised.

Hence Gallesio concludes that much more was effected
for the naturalization of the orange in Italy by the acci-
dental production of new kinds from seeds during a pe-
riod of about sixty years than had been effected by graft-
ing old varieties during many ages.

It is hardly necessary to give other illustrations of this
law, for no one with any knowledge of the subject will
be inclined to question it. It is strange that its signifi-
cance has been overlooked, but this is probably due to
the failure of students of the subject to perceive that if
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is possible to believe that the transmission of variabil-
ity is the peculiar function of the mule cell, and also to
acknowledge that variation may occasionally occur with-
out its influence.

Our theory that variation is caused by the transmis-
sion of gemmules, and that there is no especial arrange-
ment for their transmission to buds or to unfertilized
eggs, while there is a special adaptation whicli has been
slowly evolved during the evolution of sex for transmit-
‘ting them fo fertilized eggs, gives us a simple explana-
tion of the fact that while bud variation is perfectly pos-
sible, it is extremely rare as compared with the variabil-
ity of sexual offspring.

Darwin has been led, through the study of variabil-
ity, to a conclusion which is very gnuch like the expla-
nation which is here presented. He says ( Variation,
Vol. ii. p. 3%3) that <“ we may infer from the occurrence
of bud variation that the affection of the female element
through external conditions may induce variubility, for
4 bud seems to be the analogue of an ovule. But the
male element 1s apparently much oftener affected by
changed conditions, at least in a visible manner, {han
the female element or cvule.”

Bud variation is muech more frequent in eultivated
plants than it is in wild ones. Very few instances have
ever been observed in plants growing wild or under
strictly natural conditions, and Darwin states that “ bud
variation is most common in plants which have been
highly cultivated for a long time.”

The adjustment between a cultivated organism and its
artificial or unnatural environment must, in most cases,
be less perfect than that which has been slowly estab-
lished between a wild organism and its natural environ-
ment. We should, therefore, expect domesticated and



The Evidence from Variation. 149

cultivated forms to be more prolific of gexnmules than
wild species. The fact that bad variastion, like ordinary
variation, is most common in cultivated forms, seems to
show that the tendency to vary is excited in buds, as it is
in fertilized ova, by the influence of gemmules wkich are
thrown off by the cells of the body under new ot unnat-
ural conditions, and we can easily understand why it
should be more frequent where gemmules are aoundant
than in a form with few gemmules, for the chance in
favor of the accidental transmission of a gemmule to a
growing or nascent bud will increase as the number of
gemmules increases.

Changed Conditions do not act directly, but they cause
Subsequent (fenerations to vary.

This strange and, as I hope to show, highly significant
law has been noted by many observers, and a long list of
illustrations might be quoted.

As Darwin points out, it is certainly a remarkable fact
that changed conditions should at first produce, so far
as we can see, absolutely no effect, but that they should
subsequently cause the character of the species to
change.

The late Dr. Jared P. Kirtland told me that for
more than forty years he tried in vain to obtain varieties
from the common red cherry, but that when at last va-
rieties began to appear the variability was very great:
that after it had once become established it continued
for many years with no diminution.

It is well known that when new flowers are first intro-
duced into gardens they do not vary, although all, with
rarest exceptions, ultimately vary.

Darwin, in his Variation, Vol. ii. p. 316, quotes the
following illustrations of this law: ¢ Mr. Salter re-
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marks that every one knows that the chief difficulty is
in breaking through the original form and color of the
species, and every one will be on the lookout for any
natural sport, either from seed or branch; that being
once obtained, however trifling the change may be, the
result depends upon himself. M. de Jonghe, with ref-
erence to pears, says the more a type has entered into a
state of variation, the greater is its tendeney to continue
doing so, and the more it 1s disposed to vary still fur-
ther. Vilmorin says 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 varia-
ble individuals, even though they vary in the wrong
direction; for the fixed character of the species once
broken, the desired variation will sooner or later ap-
pear.

Darwin gives quite a list of authorities to show that
after English dogs have been bred for a few generations
in India they degenerate, not only in their mental facul-
ties, but in form.

According to Bachman, turkeys reared from the eggs of

wild ones lose their metallic tints and become spotted
with white in the third generation.
* It will be seen from the instances which have been
given that the number of generations which are exposed
to the new conditions before variation is indoced varies
greatly. In the case given by Dr. Kirtland, fifty years
elapsed before variations of the red cherry began to ap-
pear. In the case last quoted, variation appeared in the
third generation, and Yarrell says that Australian dingos
bred in the Zoological Gardens of England, almost in-
variably produced in the first generation puppies marked
with white and other colors.

Sir Charles Lyell mentions that some Englishmen en-
















































