CHAPTER IIL
HISTORY OF THE THEORY OF HEREDITY—(Continued).

Some form of the evolution hypothesis a logical necessity—
Darwin’s pangenesis hypothesis—This isan evolution hypothe-
sis, since all the characteristics of the adult are supposed to be
latent in the germ—Miscellaneous objections to it—These
objections do not show that it conflicts with fact—Dificulty
in imagining detailed working is no reason for rejecting it
—Galton’s experimental disproof—There are many reasons
for believing that the sexual elements have different functions
—The evidence from parthenogenesis—Polar.cell hypothesis
—The evidence from hybrids, from variation, and from struc-
tures confined to one sex—The pangencsis hypothesis recog-
nizes no such difference in the functions of the reproductive
elements—We must therefore distrust its absolute correctness
—Summary of last two chapters,

Some Form of the Bvolution Hypothesis a Logical
Necessity.

Most of the hypotheses which have been proposed, of
late years, to account for the phenomena of heredity, are
like the two we have quoted, epigenesis hypothesis, for
they are attempts to show that the ovum is in reality, as
well as in form, an unspecialized cell. Analysis shows,
however, that they all rest ultimately upon the assump-
tion that this is not true, but that the ovum really con-
tains, in some form or other, actually or potentially, the
future organism, with all its hereditary characteristics.

‘We know that eggs which are to all appearances essen-
tially alike, may, when artificially removed from the ova-
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ries and artificially fertilized, and when kept under ox-
actly the same conditions, develop into widely different
organisms, and as like things cantot, under like con-
ditions, give rise to different results, we are forced to
conclude that these eggs are not essentially alike, but
that each contains within itself in some form the organ-
ism to which it'is to give rise—that individual develop-
ment is, in some sense, the unfolding of a germ which
already exists in the egg. There is no escape from this
conclusion, at least there is none which can be accepted
by the scientific student, and we see that logical thinkers
like Prof. Huxley are driven to conclude that the pro-
cess which in its superficial aspects is epigenesis, appears
in essence to be evolution.

Darwin’s Hypothesis of Pangenesis.

In contrast to the views already quoted we have the
well-known pangenesis hypothesis of Darwin, an hypoth-
esis which is thoronghly one of evolution, since Darwin
believes that the whole organization of the species’ is
present not only in the egg but in the male cell also;
that each of these not only contains the complete organ-
ization of the parent, but an indefinite series of similar
organizations, inherited from a long line of auncestors.
It is true that Darwin does not believe that cach of these
ancestors is represented in the ovum and in the male
cell by a minute but perfect animal, like those imagined by
Bonnet, but he imagines what is essentially the same
thing, that each of the cells of each parent, and every cell
of each ancestor for a long and practically an unlimited
series of generations, is represented in each ovum and
each male cell by a germ capable of producing that par-
ticular cell with all its distinctive characteristics.

Darwin’s original statement ( Variation, chaps. xxvii,
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and xxviii.) is readily accessible, but it will not be out
of place to quote it before entering upon its critical dis-
cussion, ‘

e says: ““In the previous chapters large classes of
facts, such as those bearing on bud-variation, the various
forms of inheritance, the causes and laws of variation,
have been discussed, and it is obvious that these subjects,
as well as the several modes of reproduction, stand in some
gort of relation to each other. I have been led, or
rather forced, to form a view, which to a certain extent
connects these facts by a tangible method. Ivery one
would wish to explain to himself, even in an imperfect
manner, how it is possible for a character possessed by
some remote ancestor suddenly to reappear in the off-
spring; how the effects of increased use or disuse of a
limb can be transmitted to the child; how the male sex-
ual element can act not solely on the ovule, but occa-
sionally on the mother form; how a limb can be repro-
duced on the exact line of amputation, with neither
too much nor too little added; how the various forms of
reproduction are connected, and so forth. I am aware
that my view is merely a provisional hypothesis or spec-
ulation, but until a better one be advanced it may
be serviceable by bringing together a multitude of facts
which are at present left disconnected by any efficient
cause. As Whewell, the historian of the inductive
sciences, remarks, hypotheses may often be of service to
science, when they involve a certain portion of incoms-
pleteness or even of error.

“Under this point of view I venture to advance the
hypothesis of pangenesis, which.implies that the whole
organization, in the sense of cvery separate atom or unit,
reproduces itsclf:  Ience ovules and pollen grains—the
fertilized seed or egg, as well ag buds—include and con-
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sist of a multitude of germs thrown off from each sepa-
rate atom of the organism.”

From the extract we see that the hypothesis is an
attempt to show that all the phenomena of generation
and development, including those of variation as well as
those of heredity, depend upon the fact that cach strue-
tural unit of the body is the direct offspring of a similar
unit in the body of a parent or of & more remote ances-
tor. The cells of the body of one of the higher organ-
isms are not only morphologically but actually indepen-
dent individuals, reproducing themselves directly. in the
next generation: and the germ of such an organism isin
reality an aggregate of these cell-germs,

Stated more at length, the hypothesis is as follows :

“T assume that cells, before their conversion into
‘form material,” throw off minute granules or atoms,
which cirenlate freely throughout the system, and when
supplied with proper nutriment, multiply by self-divi-
sion, subsequently becoming developed into cells like
those from which they were derived. These granules,
for the sake of distinctness, may be called
gemmules. They are supposed to be transmitted flom
the parent to the offspring, and are generally developed
in the generation which immediately succeeds, but are
often transmitted in a dormant state during many gen-
erations and are then developed. Their development is
supposed to depend on their union with other partially
developed cells or gemmules, which precede them in the
regular order of growth. Why I use the term union will
be seen when we discuss the direct action of pollen on
the tissues of the mother plant.

¢“ Gemmules are supposed to be thrown off by every cell
or unit not only during the adult state but during all
stages of development. Lastly I assume that gemmules
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in their dormant state have a mutual affinity for each
other, leading to their aggregation either into buds or
into the sexual elements. Hence, speaking strictly, it is
not the reproductive elements nor the buds which gene-
rate new organisms, but the cells themselves throughout
the body. These assumptions constitute the provisional
hypothesis of pangenesis.”

Darwin’s gemmules are, of course, entirely imaginary,
that is, a belief in their existence does not rest upon
direct observation. We cannot deny that the hypothesis
furnishes an explanation of most of the phenomena
which he attempts to interpret by it, although it scems
possible that there may be a simpler explanation. If the
existence of the gemmules were proven we could under-
stand not ouly the wonderful facts of ordinary inheri-
tance by sexual reproduction, but the various forms of
asexual reproduction ag well.

We should have a simple explanation of the manner
in which the characteristics of a remote ancestor may
suddenly reappear after they have been dormant for
many generations. 'We should understand how the em-
bryological history of a species may become simplified
by the omission of larval forms or appendages. In a
word, nearly all the phenomena of heredity admit of
explanation by the hypothesis, and those who have criti-
cised it have not usually attempted to show that it con-
flicts with fact, but have simply objected toitas a purely
imaginary explanation. It is urged that the transmis-
sion of all the characteristics which we know to be in-
herited from near and remote ancestors demands that
the number of gemmules should be almost unlimited and
practically infinite; that not only are the gemmules im-
aginary, but that the aggregation of such numbers in
masses as small as the reproductive elements requires
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that they shall be of inconceivable minuteness, and that
nature furnishes no analogy for attributing to such smxll
particles the vital properties which we kunow only in
bodies which are comparatively gigautic. It is also
urged that the gemmules must be endowed with entirely
imaginary and wonderfully specialized elcctive affinitics,
in virtne of which eacl develops only at the proper time
and place. In order to account for the manner in which
the characteristics of each parent are mingled in the
child we must regard each individual as the product of a
struggle for existence among the gemmules, vesulting in
the selection and development of the fittest. The fors
mation of several individuals asexually by budding from
a parent stock demands that the gemmules themselves
must be capable of multiplication, and that they must
have the power to transmit their properties to their off-
spring. To explain alternation of generations we must
suppose that the embryo reccives several complete scts
of gemmules, which are not duplicates, and it is almost
impossible to follow out, in thought, the complicated re-
lations which must exist between the gemmules of the
egg-embryo of such an organism as a Siphonophore.

These and similar objections may be fairly urged,
and while their great weight is obvious, we must not
attach undue importance to them, for they do not show
that the hypothesis conflicts with any known law or ob-
served fact, and the great drafts made upon the imagina-
tion should not, alone, prevent its provisional accept-
ance so long as we have no simple explanation of the
phenomena, for difficulty in imagining the details of vn
hiypothesis is a purely subjective matter, which varies
with the age and with the individual.
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Galtow’s Dxperiments.

Besides these theoretical objections, we have the ex-
perimental disproof furnished by Galton. In order to
test the hypothesis this experimenter selected the silver-
gray rabbit—a variety which has, in itself, little ten-
dency to vary, althoungh it readily crosses with other
varieties, and breeding freely with them gives birth to
hybrid offspring. Into the bodies of eighteen of these
silver-gray rabbits he transfused the blood of other vari-
eties, in some cases replacing one half of the blood. From
the cighteen rabbits thus operated upon eighty-six young
were produced, and in no case did the offspring exhibit
any of the characteristics of the variety from which the
blood was taken, but all of the eighty-six were pure
silver gray. From these cxperiments Galton concludes
that ““the doctrine of pangenesis, pure and simple, is
incorrect;” and I think we must agree with him that
this conclusion is justified by the results which he
reached, although I hope to show that it is possible to
restate the hypothesisin a form which is so modified as to
escape this objection.

The Sexual Elements Perform Different Functions in
Heredity.

There is another objection which seems to me to be
of almost equal weight, but which has never, so far
as I am aware, been pointed ount. The early writers
upon heredity attributed certain functions to the male
cell and others to the ovum; but we now know that their
means of observation were so inadequate, and their
knowledge so limited, that their conclusions were of
little value, and that both ovists and spermists were
wide of the mark, The fact that they erroneously attrib-
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nted certain functions to the ovum and certain others
to the male cell does not, of course, prove that there is
no difference in the functions of these elements; but in
modern times we actually find that thinkers have gone
to this opposite extremity of the subject, and have
either tacitly implied or directly accepted the view
that the two sexual elements play similar parts in
heredity.

Neither Iaeckel’s hypothesis nor Jiiger’s recognizes
any difference in their functions, while Jiger scems to
believe, and Darwin explicitly states, that their shares in
hereditary transmission arc alike.

Many facts indicate that this view is, to say the least,
very improbable, and I will give, briefly, a statement of
some of the arguments against it, and will then devote
a little space to a discussion of the reasons which have
been given by Darwin and others for accepting it.

The structural difference between the ovum and the
male cell is one of the most widespread and fundamental
characteristics of organic beings, and it is found in all
except the very lowest animals and plants. It is, to say
the Ieast, very improbable that a structural difference so
fundamental and so nearly universal should have mno
functional significance, and the fact that in many marine
animals, when the ripe unfertilized ova are thrown out
into the ocean, like the male fluid, to be swept away Ly
the tide, the sexual elements differ in the same way that
they do in animals whose eggs are fertilized inside the
body of the female, forbids ns to believe that the differ-
ence depends simply upon the fact that the male cell
must make its way to the ovam. .

Many of the secondary characteristics of the ovom,
such as its great size in birds and reptiles, and the pres-
ence in it of food-material in so many animals, are no
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doubt traceable to the fact that, in most animals, the
cgg is stationary, while the male cell can be conveyed
{rom place to place; but we must believe that there is
some more fundamental and primitive difference.

Even if the phenomena of Parthenogenesis did not
show us that the part played by the ovom is more
essential to the perpetuation of the race than the part
played by the male cell, we should still be justified in the
belief that the difference in form corresponds to some
profound difference in function, and the possibility of
Parthenogenesis shows beyond question that this is the
case.

Parthenogenests.

Siebold has proposed the term parthenogenesis for the
power which ig possessed by certain female animals,
especially the arthropods, to produce descendants withous
gexunal union with a male.

The existence of this power was first pointed out by
Avistotle (De Generatione Animalium, Lib. I11., Cap.
10, 21, 22, 23). As this remarkable observer had no
means for exact research at his command, he was, of
course, unable to'make use of rigid tests, or to furnish
the severely exact proofs which have been given us by
more modern naturalists ; but he gives many reasons for
suspecting that the unfertilized eggs of the honey-bee
may give rise to perfect animals without sexual union ;
and although we now know that some of the reasons
he urges do not really prove the case, yet modern sci-
ence has given the most convineing proofs of the correct-
ness of his general conclusion.

I shiull devote considerable space to this subject in
order to show the unscientific reader that the existence
of fertile virgin female animals is proved by the obser-
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vations of a great number of competent naturalists;
that the subject has been thoroughly and carefully
studied, with every precaution against error, and that
our belief in its existence does not rest upon the nnveri-
fied statements of a few observers.

In this summary I shall give many references fo
authorities, but as my purpose is not to give a com-
plete bibliography, but simply to show how thoroughly
the subject has been studicd, many names are omitted.

Most of the following facts are taken from Ger-
staecker’s history of the subject in Volume V. of
Bronw’s Klassen und Ordnungen des Thierreichs,
although I have referred to many of the onginal
papers and have added many facts which are not
mentioned by Gerstaecker. ‘f'he subject is perfectly
familiar to most naturalists, and the amount of space
devoted to it may seem unuccessarily great to such per-
sons, but it is important to impress npon nnscicntific
readers a sense of the exact and definite character of
the evidence for the existence of parthenogencsis, and
a short history of the subject seems the most effective
means for accomplishing this purpose. o

Among the crustacea and insects, parthenogenesis is
by no means unusual. It occurs in some gronps where
impregnation by males is so nearly universal that natu-
ralists have been slow to credit any exceptions. In
other groups it is the general rule, and fertilization by a
male is the exception. In some genera aud species the
power is shown only by a few individuals, while in
others it is shared by all the females. In some cases
the unfertilized eggs give rise to females only, in other
cases to mules, and in still other cases to Loth sexes.

" In 1775, Schiiffer, of Regensburg, discovered its oc-
-eurrence in fresh-water crustacea, although Dr. Albrecht








































































