CHAPTER VL
THE EVIDENCE FROM HYBRIDS,

Importance of the subject—It furnishes a means of analyzing or
isolating the influence of each sexual element—Hybrids very
variable—Hybrids from domesticated races more variable than
those from wild races—The descendants of hybrids more varia-
ble than the hybrids themselves—The offspring of a male hybrid
and the female of a pure species are much more variable than
those of a female hybrid and the male of a pure species—Tliese
facts inexplicable on any view, except the one lhiere presented
—TReciprocal crosses—They differ in fertility and in structure
—The difference is exactly what our theory requires—Diffi-
culty in explaining transmission of characters without fusion—
Reversion caused by crossing—Two kinds of reversion—Sum-
mary.

THE study of hybrids and crosses is of especial interest
to us, since it affords us a means, somewhat imperfect
it is true, for recognizing, in the offspring, the structure
which it owes to each parent. ’

In ordinary sexual reproduction between animals or
plants of the same race, the parents are almost exactly
alike, except for their sexual differences; and as nearly
every structural feature of the young is a featnre of re-
semblance to each parent, there can be nothing to show
that it is inherited from the one rather than from the
other.

‘When distinct races or species arc crossed, the case is
somewhat different. It is true that the two parents are
still very much alike, for species cannot be made to breed
together at all unless they are very closely related. Still
they are more different from each other than individuals
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of the same species, and the study of crosses and hybrids
is therefore a means of separating, to some extent, the
influence of one parent from the infiuence of the other.
This is true, however, only with reference to character-
istics which are of recent acquisition, for the greater
part of the history of two allied species has been the
same, and they show in common everything except what
has been acquired by each one since they diverged from
their common ancestor.

Crossing gives no way of showing whether these com-
mon characteristies are or are mot transmitted by one
parent or the other or by both, but it does give us this
information regarding characteristics which appear in
one species but not in the other, and it is therefore the
best means at our disposal for studying the influence of
each parent upon the offspring.

Crossing as a Cause of Variation.

According to our theory of heredity, we can easily see
how the crossing of two species or varieties should lead to
variability, for when two species or varieties are crossed
certain cells of the body will be hybrids between the
gemmules of the male parent and the ovarian particles
inherited through the female from the egg of the pre-
ceding generation. Now the ovarian particle transmits
the properties of a cell like that of the female parent,
while the gemwmule transmits those of a corresponding
cell in the father. It is plain that corresponding cells
of a female of one species or variety and of a male of
another species or variety must be more different from
each other than corresponding cells in a male and female
of the same species or variety. The hybrid cell formed
by their union would, therefore, be expected to differ
more from each of them, that, is, to vary more than it
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does in the offspring of parents of the same variety. It
is well known that this is the case; that, in domesticated
animals and plants at least, crossing is a great canse—
according to some older writers the only cause—of varia-
tion.

Darwin says that it is probable that the crossing of two
forms when one or both have long been domesticated or
cultivated, adds to the variability of the offspring, inde-
pendently of the commingling of the characters derived
from the two parent forms. He believes that new char-
acters arise in this way in hybrids between domesticated
forms, forms which have been rendered variable through
cultivation, but he doubts whether we have, at present,
sufficient evidence to prove that the crossing of species
which have never been cultivated leads to the appearance
of new characters. '

The following illustrations of this law are quoted from
his Variation (Vol. ii. p. 319):

¢ Giirtner declares, and his experience is of the high-
est value on such a point, that when Le crossed native
plants which had not been cunltivated, he never once saw
in the offspring any new character; but that from the
odd manner in which the characters derived from the
parents were combined, they sometimes appeared as if
new. When, on the other hand, he crossed cultivated
plants, he admits that vew characters occasionally ap-
peared. . . . According to Kolreuter, hybrids in the ge-
nus Mirabilis vary almost infinitely, and he describes new
and singular characters in the form of the sceds, in the
colors of the anthiers, in the colyledons being of immense
gize, in new and highly peculiar odors, in the flowers
expanding early in the season, and in their closing at
night, With respeet to one lot of these hybrids he re-
marks that they presented characters exactly the reverse
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of what might have been expected from their parent-
age.

¢ Professor Lecoq speaks strongly to the same effect
in regard to this same genus, and asserts that many of
the hybrids from Mirabilis jalapa and multiflora might
easily be mistaken for distinct species, and adds that they
differed in a greater degree than the other species of the
genus from M. jalapa. Herbert has also described the off-
spring from a hybrid Rhododendron as being as unlike
all othiers 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, etc., induces excessive variability: hence the
appearance of quite new characters is probable. M. Car-
rierc has lately discussed this subject; he states that
Erythrina cristagalli had been multiplied by seed for
many years, but has not yielded any varieties; it was
then crossed with the allied E. herbacia, and the resist-
ance was now overcome, and varieties were produced
with flowers of extremely different size, form, and
color.”

Darwin, therefore, concludes that crossing, like any
other change in the conditions of life, secems to be an
element, probably a potent one, in causing variability.

The variability of hybrids is quite as explicable by
Darwin’s Pangenesis hypothesis as it is by our theory of
heredity, although I do not see why, on the hypothe-
sis of pangenesis, the hybrid offspring of domesticated
forms should be any more variable than those produced
between wild species. '
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The Offspring of Hybrids more variable than the First
Generation

There is another aspect of the variability of hybrids
which is very remarkable, and which is in perfect agree-
ment with our theory of heredity, but, so faras I am
aware, absolutely inexplicable without it.

This is the law that although the offspring of the first
generation are generally uniform when two specics or
races are crossed, the subsequent generations of children
produced by these hybrids display an almost infinite di-
versity of character. (Darwin, Variation, ii. p. 321.)

Darwin also refers to this curious law in the Origin of
Species, p. 260, and attempts an explanation of it. He
says: ‘“ The slight variability of hybrids in the first gen-
eration, in contrast with that in the sueceeding genera-
tions, is a curious fact, and deserves attention. For it
bears on the view which I have taken of one of the
causes of ordinary variability, namely, that the repro-
ductive system from being eminently sensitive to changed
conditions of life, fails nnder these circumstances to per-
form its proper function of producing offspring closely
similar in all respects to the parent form. Now, hy-
brids in the first generation are descended from species
(excluding those long cultivated) which have not had
their reproductive systems in any way affected, and they
are not variable; but hybrids themselves have their re-
productive systems seriously affected, and their descend-
ants are highly variable.”

According to this view, the variability of the descend-
ants of hybrids'is a sort of monstrosity, due to the fail-
ure of the reproductive organs to perform their proper
functions; ordinary variability is not monstrosity, but
is perfectly normal, and as the variability of hybrids
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has precisely the same character, I think we cannot re-
gard it as due to unnatural disturbance.

According to our theory, variation is due fo the action
of changed or unnatural conditions upon certain cells of
a preceding generation.  Now, as characteristics of both
parents are mingled in a hybrid, it must nearly always
happen that certain cells with pecunliarities of one parent
will be in contact with, or will depend in some way upon,
cells with peculiarities inherited from the other species.
There will therefore be a lack of the perfect adjustment
between each cell and its neighbors, which has been
brought about in each parent by natural selection, and
this imperfect adjustment will cause the cell which is
unfavorably placed to throw off gemmules. The cells of
the body of a hybrid will therefore be unusually prolific
of gemmules, and will transmit variability to later gen-
erations.

According to our hypothesis, a hybrid is more likely
to transmit variability than a pure species, becaunse more
of its cells are placed under circumstances favorable to
the production of gemmules.

For the same reason a hybrid between two domesti-
cated or cultivated forms must have more tendency to
vary than one produced by crossing two wild species, for
the domestic or cunltivated parents live under unnatural
conditions, and therefore have more tendency than wild
species to transmit gemmules, and thus cause variabil-
ity.

The Sex of the Parent affects the Variability of Hy-

brids.

I have shown that the body of a hybrid is peculiarly
favorable for the production of gemmules, and that,
for this reason, the descendants of hybrids are variable
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toan unusual degree. Now, if our theory of heredity is
true, if the seminal fluid is especially adapted for the
transmission of gemmules, while their transmission by an
ovum is a matter of accident, the tendency to vary must
be transmitted by the mule hybrid.

Wihen children are born from two hybrid parents it is
impossible to show that the variability which follows
comes from the father rather than from the mother, but
the subject can be put to a test by crossing the male hybrid
with a female of one of the pure species, and the male of
one of the pure species with the female hybrid. Neither
pure species has any especial tendency to transmit vari-
ation, while the male hybrid has such a tendency. If,
then, we cross the female hybrid with the male of
one of the pure forms, the offspring would not be ex-
pected to be unusually variable; but if the male hybrid
is crossed with one of the pure females we should expect
the offspring to be nunnsually variable.

Now it is very interesting to find that this actually is
the case. Thus Girtner states (Bastarderzeugung, p.
452, 507) that when the seeds of Dianthus barbatus were
fertilized by the pollen of the hybrid Dianthus chinensi-’
barbatus, the scedlings were more variable than those
which were raised from the seeds of the hybrid fertilized
with the pollen of Dianthus barbatus. Darwin states
that Max Wichura obtained the same resnlt with wil-
lows. Gértner concludes from a number of experiments
that when a hybrid is used as the father, and either
one of the pure parent species or a third species as the
mother, the offspring are more variable than when the
same hybrid is used as the mother, and either pure par-
ent or the third species as the father.

Darwin’s pangenesis hypothesis furnishes no explana-
tion whatever of this curious fact. On the contrary, as
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it requires that each sexunal element shounld contain gem-
mules from every part of the body of the parent, it is
directly opposed to any such result, and there is no
place for it in any other hypothesis of heredity. Our
theory fits it exactly, however, and a more crucial test
could hardly be proposed than an experiment like those
detailed by Gértner.

Reciprocal Hybrids.

According to Darwin the two sexes play similar parts
in heredity, and any characteristic whatever may be
transmitted by either sexual element. )

This conclusion is based upon the phenomena of cross-
ing, but a little thought will show that it is impossible,
from the natnre of the case, to prove it from evidence
of this kind, althongh, as I hope to show, it is capable
of disproof.

Only animals of the same species, or of closely related
species, can breed together. Closely allied animals are
alike in all respects, except as regards the slight ditfer-
ences which distinguish species, varieties and individu-
als from each other. Since no animals or plants can
cross except those which have most of their past history
in common, and which are thercfore alike in nearly
every respect, it is plainly impossible to prove, from the
phenomena of crossing, that each parent has power to
transmit the features which are shared by the other par-
ent as well. The phenomena of parthenogenesis, or re-
production by virgin females, as in the case of bees and
wagps, show that the ovum alone may transmit all the
established hereditary structure of the species, but there
is and can beno evidence to show that the male element
can accomplish the same thing.

The facts of crossing, while they cannot prove that the
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functions of the two reproductive elements are alike, do
furnish convincing proof of the contrary, and show that
they are not alike,

A reciprocal cross is a double cross between two spe-
cies or varieties, one form being used in one case as the
father, and in the other case as the mother. Thus a
reciprocal cross between a horse and an ass is a double
cross, between the male horse and the female ass on the
one hand, and the female horse and made ass on the
other.

Now, if it is true that the function of the ovum is like
that of the male cell, the offspring of reciprocal crosses
should be alike in all respects, but this is by no means
the case.

In the first place, the degree of sterility often differs
greatly in two species when reciprecally crossed; for the
male of the first will, in some cases, readily fertilize the
ovum of the second, and thus give rise to descendants;
while hundreds of attempts to fertilize the ovam of the
first by the male of the second, result in uniform failure.
It often happens also that even when both erosses result
in the production of offspring, the hybrid in the one case
is sterile, while in the other case it is perfectly fertile.

Not only do the results of reciprocal crossing show this
difference, but they show what is still less reconcilable
with the view that the functions of the sexual elements
are alike, namely, great differences of structure.

In some cascs where a reciprocal cross is perfectly fer-
tile on both sides, the hybrids which are thus produced
are not at all alike. When the male of species A and
the female of B are crossed, the offspring is an entirely
different being from the one born from A as a mother
with B as a father.

We know that allied speciesof animals are the descend-
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ants of a common ancestral form, from which they
inherit all that they have in common, while the distinc-
tive peculiarities which distinguish them from each other
are more recently acquired.

According to our hypothesis the ovum transmits
established characteristics, while the cells which have
recently varied in the body of the male transmit gem-
mules.

If, then, we select two allied species or varieties and
cross the male of one with the female of the other, and
then, reversing the process, cross the female of the first
form with the male of the second, we should expect to
find, in many cases, a difference in the offspring. Where
the male of species or variety A is crossed with the
female of B, the offspring will inherit from its mother
the common characteristics of both parents, and it will
also receive from ‘its futher gemmules from those cells
which have recently varied in the species A. The cor-
responding cells of its body will therefore be hybrids,
and will bear a closer resemblance than the other parts
of its body to the species A. That is, the hybrid will
share, to some extent, the peculiarities which are distine-
tive of the species A as compared with B. The offspring
of the opposite cross will, on the other hand, join, more
or less perfectly, to the common race characteristics,
some of the distinctive peculiarities of the species A
produced in it by the hybridization of the cells of its
body by gemmules received from its father.

Reciprocal crosses between the horse and the ass have
been reared for domestic purposes for ages, and Huxley
gives the following interesting account of the result:

“The offspring of the ass and the horse, or rather of
the he-ass and the mare, is what is called & mule; and,
on the other hand, the offspring of the stallion and the
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she-ass is what is called a hinney. Itisavery rare thingin
this country to see a hinney. I never saw one myself; but
they have been very carefully studied. Now the curious
thing is this, that although you have the same elements
in the experiment in cach case, the offspring is entirely
different in character, according as the male influence
comes from the ass or the horse. When the ass is used
as the male, asin the case of the mule, you find that the
head is like that of the ass, that the ears are long, the
tail is tufted at the end, the feet are small, and the voice
is an unmistakable bray; these are all points of similarity
to the ass; but, on the other hand, the barrel of the
body and the cut of the neck are much more like those
of the mare. Then if you look at the hinney—the re-
sult of the union of the stallion and the she-ass—then
you find it is the horse which has the predominance; that
the head is more like that of the hérse; the ears are
shorter, the legs coarser, and the type is altogether
altered, while the voice, instead of being a bray, is the
ordinary neigh of the horse. Here, yon see, is a most
curious thing; you take exactly the same elements, ass
and horse, but you combine the sexes in a different man-
ner, and the result is modified accordingly.”

It would certainly be a wonderful thing if the combi-
nation of the same elements should give such different
results, and I think we must conclude that the elements
are not the same, but that the ovum and the male cell do
not play the same parts in heredity.

There are not many cases in which reciprocal crosses
have been made so frequently, and single observations are
not of very great valne. I will, however; cite a few, to
show that the one given is not exceptional. The Manx
cat is a variety of the domestic cat peculiar to the Isle of
Man, It differs from the ordinary cat in having no tall,




































