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same time unusual vegetative vigor, analogous, in all probability,
to the stimulation of energy of growth which appears in normal
crosses and in prepotent new variations. Though no experi-
ments are known to have been made with the idea of such a test
directly in mind, the indications are that results of mutation and
hybridization might prove in the same species almost identical,
for many so-called false hybrids do not appear to be the results
of a genuine and effective interbreeding, but seem rather to
involve an approach to the phenomenon of artificial partheno-
genesis, somewhat similar to the parthenogenetic development
through chemical and mechanical stimuli, described by Loeb
and others. The two nuclei of the supposed parents of the
false hybrid do not appear to have united and combined the
parental qualities, since the progeny shows no definite indication
of the traits of one of the supposed parents, either in the first or
in subsequent generations. The facts discovered by Guyer in
sterile hybrid pigeons, that the parental chromatin elements
remain separate and do not undergo a normal mitapsis, illus-
trates the possibility of false hybrids, especially in plants and
in lower types of animals where parthenogenesis can take place.
Such an abnormal and inadequate method of fertilization would
explain extensive variations of the progeny, which well deserve
to be called false hybrids. Nor is it unlikely that the same
explanation may be found to apply to variable hybrids, even
when they share the characters of the parents. The indications
are that in different cases there are all possible gradations in
the extent and efficiency of the combination of the parental ele-
ments, from that which affords mere stimulation to that which
gives a fully intermediate result. '

It does not follow, however, that the combination is normal
or complete when the first generation is intermediate. The first
generation may be intermediate under two nearly opposite con-
ditions, as already noted. Crosses are intermediate when the
parental elements are thoroughly congruous. Their combina-
tion merely restores a normal condition of symbasis, that is,
provides a normal amount of diversity of descent. The first
generation of hybrids is also intermediate when the parental
elements are very diverse and antagonistic. Hybrids which
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appear quite uniformly intermediate in the first generation may
prove, nevertheless, to be completely sterile, as in the mule,
whereas intermediate crosses between narrow varieties are always
completely fertile, more so, it may be, than their more inbred
parents. No distinction is to be drawn between crosses and
hybrids which are uniformly intermediate and at the same time
fertile, but there is a wide range of phenomena between an inter-
mediate, fertile cross between narrow varieties and an inter-
mediate sterile hybrid between diverse species. Next to the
hybrids which are intermediate, but sterile, are those which are
intermediate and fertile, but show diversity and partial sterility
in the second generation, proving that the parental elements did
not combine in a manner to afford a stable equilibrium of hered-
ity. Inanother stage of hybridity, with less diversity of parents,
the first generation is variable, which may be taken to mean that
the parental elements are sufficiently similar to influence each
other, instead of exerting a uniform degree of repulsion.
Nevertheless, they do not combine readily, but form uncertain
and extremely varied combinations.

The purpose of this enumeration is to show that with hybrids,
as with crosses, there is a series of phenomena which can be
described and interpreted in terms of diversity, using as a stand-
ard the normal diversity of the individuals of species in nature.
In this way it is possible to avoid the ambiguities which have
attended the use of the false and artificial standard of uniformity.
From normal diversity there may be departures on either side,
on the one to abnormal uniformity, on the other to abnormal
diversity, and both of these can be reached, as we have seen,
in several ways. Uniformity appears:

1. In closely selected varieties (stens).

2. In varieties or individuals propagated from cuttings or by
other asexual methods (clones).

3. In the progeny of inbred saltatory variations (mutations).

4. In crosses between moderately inbred stenic varieties.

5. In first generation hybrids between species so remote as to
combine with difficulty.

Likewise diversity greater than the normal may appear:

1. Among mutations from narrowly inbred varieties.
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2. Among crosses between individual clonic types, long sub-
jected to vegetative propagation.

3. In a species or variety which has been placed in new and
unwonted conditions (neotopic mutations).

4. Among crosses between narrowly inbred varieties (Mende-
lian hybrids).

5. Among hybrids between species not too remote to combine
at all, but not sufficiently related to combine in a regular and
uniform manner.

THE NATURE OF STERILE HYBRIDS.

A further distinction of fundamental significance remains to
be added to the preceding, before the full range of the phenom-
ena of interbreeding can be made apparent. The general im-
pression has been that the development of a new individual
represented the result of a combination of the two parental sex-
cells, but this is only partially true, especially among the higher
plants and animals. The fusion of the parental sex-cells is
carried through only two of the three stages of conjugation.
Fertilization unites the outer, unspecialized protoplasms (plas-
mapsis) and also the nuclei (karyapsis), but the chromatin,
the most highly specialized cell-substance, the citadel, as it
were, of the life of the cells, remains distinct until after the new
individual has developed, so that the body is not composed of
simple, post-conjugational cells, but of double cells in a condi-
tion of prolonged conjugation.

The fusion of the chromatin granules, or ultimate sex-ele-
ments (mitapsis), may not take place until the new individual
is mature and about to form new sex-cells of its own. The
other cells of the body never reach mitapsis. The sterility
of hybrids arises, it is now believed, from the inability of the
sex-elements to pass this third and final stage of conjugation.
Itwas always mysteriousthat hybrid combinations which could be
made for one generation could not continue for a second or a third
generation. This new appreciation of the nature of the process
of conjugation makes it apparent, however, that hybrids are
sterile because the parental elements do not make even one
complete conjugation. There is thus a definite difference
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between a sterile hybrid and a fertile combination, one which
might have restricted the use of the term hybrid to the former.
Sterile hybrids, like false hybrids, are scarcely to be reckoned
as forms of conjugation. They are rather to be looked upon
as more nearly allied to parthenogenesis, a development through
stimulation merely, but without the possibility of forming new
relations of heredity or of making new combinations of charac-
ters. Sometimes there is not even enough codperation between
the mismated partners of the cell-units to carry the organism
through even the normal cycle of individual existence. Hybrids
often refuse to grow up, or they may die suddenly and without
apparent external cause.

The building up of each cellular organism involves a contin-
ued codperation between the parental sex-elements, which may
be thought of as persisting in all the cells of which the body is
composed. Whenever this cooperation breaks down, or proves
inadequate, the further development of the conjugate organism
becomes impossible.



