CHAPTER II.
HISTORY OF THE THEORY OF HEREDITY.

Requisites of a theory of heredity.—Historical sketch of specu-

" lation ox heredity—Evolution hypothesis of Bonnet and Ial-
ler—Ovists and spermists—Modern embryological research
has shown that it is impossible to accept the evolution hy-
pothesis in its original form—Buffon’s speculations upon he-
redity fail to account for variatien—Hypothesis of epigene-
sis—This hypothesis is logically incomplete—The analogy
between phylogeny and ontogeny gives no real explanation of
the properties of the ovum—Haeckel’s plastidule hypothesis
—This hypothesis is not logically complete unless it involves
the idea of evolution—Jager’s hypothesis—Ultimate analy-
sis shows that this is at bottom an evolution hypothesis—No
hypothesis of epigenesis is satisfactory—No escape from
some form of the evolution hypothesis—This conclusion is
accepted by Huxley.

§ 1. Requisites of a theory of lheredity.

The following list is a brief summary of what seem
to me the most important characteristics of the repro-
ductive process in living things:

1. New organisms’ may be produced by the various
forms of asexual generation and from ova.

2. Ova may develop, in certain cases, without fertili-
zation.

3. As a rule the ovum does not develop into a new or-
ganism until it has been fertilized by union with a male
cell.

4. The ovum and male cell will not unite unless they
are derived from organisms with the same or nearly the
same systematic affinities.
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5. The new organism, whether produced sexually or
asexually, is essentially like its ancestors, although it
may be quite different from its immediate ancestor, asin
cases of alternation. '

6. Organisms produced from fertilized ova differ in
the following points from those produced asexually:

a. Asa rule the development of the egg embryo is
indirect, and a more or less complicated metamorphosis
or alternation of generations must be passed through be-
fore the adult form is reached, and the circnitous path
thus traversed bears a resemblance to the Jine of evolu-
tion of the species. An organism formed asexamlly trav-
erses only so much of this path as remains to be traversed
by the organism which gives birth to it.

6. Reversion, orthe appearance of characteristics not
exhibited by the parents, but inherited from remote an-
cestors, is not at all nnnsnal in egg embryos, but it is
more rare in those produced asexually.

¢. New variations, or features which are not inher-
ited, appear continually in organisms produced from fer-
tilized ova, and they may be transmitted either sexually
or asexually to future generations, thus becoming estab-
lished as hereditary race-characteristics. Hereditary vari-
ations are extremely rare in organisms produnced asexually.

7. The ovum and the male cell are homologous with
each other, and are morphologically equivalent to the
other cells of the organism. We must therefore believe
that their distinctive properties have been gradually ac-
quired, and that their specialization has been brought
about by the action of the same laws as those in accord-
ance with whieh the other specializations of the organism
have been produced.

8. Changed conditions do not act directly, but they
cause subsequent generations fo vary.
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3. In the higher animals, where the sexes have long
been separated the male is more variable than the
female.

10. The result of crossing is not the same when crosses
are made reciprocally.

11. The sex of the parent-species affects the degree of
variability of hybrids; and when a hybrid is used as tle
father, and either one of the pure parent-species, or a
third species, as the mother, the offspring are more va-
riable than when the same hybrid is used as the moiher
and either pure parent-species or tlhe same third species
as the father.

There may perhaps be other requisites which should
be included in this list, but I think there can be no doubt
that a theory of heredity must recognize and be in har-
mony with all which are here given.

§ . A sketch of the lhistory of speculation on the
theory of heredity.

The laborious researches of the students of the science
of embryology have yielded a rich barvest of valuable
facts, and we now know that the process of cell division
by which an unspecialized unicellular egg becomes con-
verted into a many-celled, highly-specialized organism
bears the closest resemblance to the process of growth or
of ordinary cell-multiplication.

We know that all the various forms of reproduction,
cell-multiplication, fission, gemmation, conjngation,
sexual reproduction, and parthenogenesis, are inter-re-
lated in such a way that we must believe that they are
different manifestations of the same power, and that they
have been evolved one from the other.

Weknow that direct development, metamorphosis, and
alternation of generations are not separated from each
other by any hard and fast line, and we know too that
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the changes through which the embryo passes on its road
from the egg to maturity show a wonderful parallelism
to the series of changes through which the organism hag
passed during the history of its evolution from lower
forms.

These results are well worth the labor they have cost,
and they illustrate, more clearly than any other facts in
biology, the common nature of all living things. They
do not, however, contribute directly to a clearer insight
into the laws of heredity.

Tere we are still compelled to go beyond the visible
phenomena, and to attempt by the scientific use of the
imagination to discover the as yet unseen relations
which bind them together.

As we_ enter upon this subject it will be well to bear in
mind the wide difference between the end we have in
view—the discovery of the secondary laws of heredity—
and the attempt to understand its ultimate cause.

The power to reproduce itself, to impress upon dead
inorganic matter its own distinctive properties, is one of
the fundamental characteristics of living matter; and
while we may hope that increase of knowledge may some
day enable us to trace the origin of this power, such an
attempt forms no part of our present undertaking.

We shall accept without explanation the fact that liv-
ing matter does thus reproduce itself, and we shall con-
fine ourselves to the attempt to discover why the egg of a
star-fish for instance, reproduces a star-fish, and the egg
of abecabee; to discover the origin of the differences be-
tween the various forms of reproduction, rather than the
cause of what they have in common.

The phenomena of heredity in the higher animals, as
well as the mechanism of ova and male cells through
which these phenomena are manifested, have certainly
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been produced by slow modification, throngh the in-
fluence of conditions which are to a great extent open
to study. The attempt to trace their origin and signifi-
cance is not a pure speculation, but a legitimate exercise
for the scientific intellect.

As we should expect from the fascinating nature of the
subject, there has been no lack of speculation in the past,
and various hypotheses have been proposed from time ta
time to account for the phenomena of heredity. These
hypotheses differ greatly among themselves, but they
may be roughly classed as epigenesis hypotheses, and evo-
luntion hypothesis: the word evolution being here used, of
course, in its old sense, as contrasted with epigencsis.

The hypothesis of evolntion, pure and simple, as ad-
vocated by Bonuet and Haller, is that there is contained
in the egg or seed or in the male element a perfect but
‘minute organism, and that the subsequent development
of the egg is simply the ‘“evolution” or unfolding of this
germ.  Up to the end of the last century the prevailing
opinion was that each egg containg, in alatent or dormant
state, a completely formed organism. The fertilization
of the egg was supposed to awuaken this dormant germ,
to call its latent potential life into activity; and the pro-
cess of development was regarded as the unfolding and
growth of the alrcady fully formed and perfect embryo.
T'he embryo was held to be not prodnced by, but simply
unfolded from the egg, and the act of reproduction was
therefore regarded as eduction not production.

According to Huxley (Encye. Brit., Art. Evolution)
““Bonnet affirms that before fecundation the hen’s cgg
contains an excessively minute but complete chick, and
that fecundation and incubation simply cause this germ
to absorb nutritious matters, which are deposited in the
interstices of the elementary structure of which the min-
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iature chick or germ is made up. The consequence of
this intussusceptive growth is the “development” or
<gvolution” of this germ into the visible bird. Thus
an organized individual ““is a composite body consisting
of the original or elementary parts, and of the matters
which have been associated with them by the aid of nu-
trition,” so that if these matters could be extracted from
the individual, it would, so to speak, become concentra-
ted in a point, and would thus be restored to its primi-
tive condition of a germ ¢ just as by extracting from a
bone the calearcous substance which is the source of its
hardness it is reduced to its primitive state of gristle
and membrane.”

“ Evolution and development are, for DBonnet, sy-
nonymous terms; and since, by evolufion he means
simply the expansion of that which was invisible into
visibility, he was naturally led to the conclusion, at
which Leibnitz had arrived by a different line of reason-
ing, that no such thing as generation exists in nature.
The growth of an organism being simply a process of
enlargement, as a particle of dry gelatine may swell up
by the intussusception of water, its death isashrinkage,
such as the melted jelly might undergo on desiceation.”

Much more ancieutly the evolution hypothesis found
acceptance in a somewhat different form, and the minia-
ture organism was believed to exist in the male element,
and fo receive from the egg the nourishment needed for
its growth and perfect development.

Leeuwenhoek’s discovery of the motile spermatozoa of
animals was regarded as a new basis for this view, and
the “sperm-animalcule” was held to be the perfect and
living animal ready for unfolding or evolution, the term
‘‘spermatozoon,” still retained in scientific nomenclature,
being a.remnant. of this old hypothesis. - - Leeuwenhoek’s
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discovery inaugurated, in the first half of the last centu-
1y, the warm dispute between the Animalenlists and the
Ovists, one side holding that the germ is contained in
the eggz, and the other that it exists as the seminal ani-
malenle,

It is obvious that, in either form, the evolution theory,
as above stated, is logically incomplete, since it only ac-
counts for a single generation. Its advocates were there-
fore compelled to enlarge it, and to assume that, as each
organism thus exists, in a perfect form, in the preced-
ing generation, each germ must contain, on a still smaller
scale, the perfect germs of all subsequent generations.
Thus Bonnet held, in his hypothesis of emboitement,
““that all living things proceed from pre-existing germs,"
and that these countain, one inclosed within the other,
the germs of all future living things; that nothing
really new is produced in the living world, but that
the germs which develop have existed since the beginning
of things.” (Huxley, Evolution.)

The advocates of the evolution hypothesis appealed to
such facts as the presence of a minute plant inside the
-acorn, or to the butterfly inside the pupa-skin, in sup-
port of their views; but the hypothesis, in its crude state,
was quickly overthrown by the first discoveries of mod-
ern microscopic embryology.

Harvey’s studies on the development of the chick,
followed by the researches of Wolff, Pander, Von Baer,
and the host of embryologists of the last fifty years, show
conclusively that the embryo is not unfolded out of, but
gradually built up from the egg.

We now know that the eggs of all animals, when they
are not complicated by the presence of food, or of pecul-
iar coverings for protection or attachment, are essentially
alike in optical structure, and that they are not only like
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each other, but like the constituent cells of all parts of
the body of the organism. '

Far from being preformed in the egg, we know that
the body is built up gradually, step by step, by repeated
cell-division, and that the earlier stages of devclopment
do not result in the formation of the parts of the perfect
body at all, but that they simply give rise to germ-layers,
or tracts of cells out of which organs are gradually
formed, and that cells which were at first quite widely
separated in the embryo may come at last to enter into
the formation of a single organ.

For instance, when the nervous system of a vertebrate
first makes its appearance in the embryo, there are no
traces of the brain, of the spinal cord, of the nerves or
of sense organs. It at first consists of a long group of
cells running along themiddle line of the body, and
presenting no difference from the other cells of its
surface. In most cases this elongated group of cells
becomes converted into a furrow, and afterwards into a
closed tube, the nerve-tube, by the folding together of
its edges. The primitive nerve-tube is at first simply a
long tube of embryonic cells running along the middle
line of the back, and itis a very different thing from the
final nervous system of an adult mammal, nor is it in
any sense & mammalian nervous system in miniature, for
the changes by which it becomes converted into the lat-
ter are great and numerous, as well as gradual. Certain
parts, such as the eye, are formed only in part from this
tract of cells, for the vertebrate eye is the result of the
combination of an outgrowth from the embryonic ner-
vous system and an ingrowth from the surface of the head.

The whole history of the nervous system and sense
organs is thusseen to direetly oppose the view that these
organs are present in miniature in the germ.
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Still more opposed to the hypothesis of evolution is
the remarkable fact that the changes which take place
in the developingegg are not such as would lead directly
to the formation of the adult animal. In most cases
a circuitous or indiréct path is followed, and this in-
direct path leadsat first towards the adult form of lower
members of the group.

This, the most suggestive fact of modern embryology;
may perhaps be made clearer by an illustration,

Let us try to compuare the growth of an egg into an
adult animal with the growth of some manunfactured
product in the hauds of its maker.

The evolutionist view of the development of an or-
ganism may be illustrated by the manufacture of a yarn
base-ball. A boy, wishing to make a yarn ball, procures,
if possible, a small rubber ball, and winds his yarn onto
this until the desired size is reached, the only changes
during the growth of the ball being the change of size
and of material.

The observed facts of embryology show that the
development of an.embryo does not take place in any
sach way as this. It may, however, be illustrated by the
growth of a steam-ship in the hands of the builder, who
first lays down an indefinite skeleton, and outlines in a
vagae way the more prominent features, before any of
the details are finished. In order to make the illustration
perfect, however, we must imagine the builder to com-
mence work upon his steam-ship by laying out the skeleton
of a big triareme; we must imagine him tocarry this some
stages towards completion, and to put into it certain
contrivances, such as rowers’-benches, which are of no
use in a steam-ship. We must imagine that he then
abandons his plan, tears down his benches, and uses the
material to make a deck; that he changes the shape and
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proportions of his hull a little to fit it for sailing instead
of rowing, that he puts in masts and spars, and makes
everything rcady for a ship’s rigging; that he then
changes the shape of his hull once more; tears ount part of
his cabin, putsin bulkheads, coal bunkers, and an engine
and boiler ; shortens his masts, alters his rigging, and
finally converts his unfinished ship into a finished
stcamer.

This is not by any means a forced illustration, but
a very fair outline of the development of an animal.
In nearly every case we find that the development of
the embryo as a whole, or else the development of cer-
tain organs, takes place in this roundabout, indirect way,
and repeats, nsually in an imperfect manner, the struc-
ture of a related but lower animal.

As an example, we may refer to the history of the
blood-vessels of a mammal. The breathing organs of
the lower vertebrates arc gills on the sides of the neck,
and the venous blood is driven from the heart through a
series of branchial arteries to the gills, where it is aerated
and conveyed into a series of branchial veins which carry
it, not back to the heart, but to the various organs of the
body. Inamammalthereare no traces of gillsat any stage
of development; the adult animal breathes by lungs, and
the blood which has been aerated in the lungs goes back
to the heart before it is distributed throughout the body.
Now the early stages in the development of the blood-
vessels of a mammal would, if carried out to completion,
Jead to the formation of the system found in fishes.

The mammalian embryo has no gills, but it does have
branchial arteries and veins, and its blood at first follows
tho same course that it follows in a fish. It is plain
that the fish-like circulation is not an outline or sketch
of that of a mammal; that it is not a necessary stage in
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the formation of the latter, for the branchial vesscls are
soon, in part pulled down and destroyed, and in part pro-
foundly modified, in order to conform to the mammalian
type.

Cases of this kind are almost universal, and the law
of resemblance between the early stages of higher ani-
mals and the adult condition of lower animals is a fun-
damental Jaw of embryology.

It is obvious that the hypothesis of evolution of a per-
fectly formed germ contained in the egg, is utterly ir-
reconcilable with this law, and we may therefore state
with confidence that this hypothesis is refuted by the
observed facts of embryology.

We must not forget, howerver, that there were other
less superficial forms of the evolution hypothesis, and
that these cannot be dispreved so easily.

Bufton, for instance, held that the embryo is built up
by the union of organic particles which are given off from
every part of the body of the parent, and which, assem-
bling in the sexual sceretions, assumé in the body of
the offspring positions like those which they occupied in
the parvent. This is essentially an evolution hypothesis,
but it is logically complete, since it accounts for the pro-
duction of successive generations without the necessity
for assuming that they were all contained in embryo in
the body of a remote ancestor. Microscopic cxamina-
tion cannot overthrow this hypothesis, for a failure to
discover these organic particles with any particular mag-
nifying power does not, of course, disprove their existence
any more than a failure to see them without a microscope.

Although Buffon’s hypothesis does not account for the
fact that development is indirect in most cases, that the
egg does not build up the adult animal in the simplest
way, but takes a roundabout circuit, this fact is not
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directly opposed to his hypothesis, for we can easily
conceive that after an indireet method of development
lLias been established it might be perpetuated by Buffun’s
organic molecules, provided these are given off by the
parvent organism at all stages of its life, and not simply
after it has reached its final form.

There is, however, another class of phenomena of even
greater importance—the plienomena of variation.

Buffon’s hypothesis accounts for the resemblance be-
tween the child and the parents, but we now know that
the child is not exactly like its parents or even midway
between them, that animals and plants are born with
a tendency to vary, that this variation may affect any
part of the body, and that by the selection of these con-
genital variations the most profound changes of heredi-
tary strusture may be produced.

The fact of congenital variation is as profound, as uni-
versal, and as characteristic of living things as the fact
of heredity, and the constant appearance of new varia-
tions is as fatal to Buffon’s hypothesis of evolution as it
is to that of Bonnet.

With the growth of the modern seience of morphology
these hypotheses have been abandoned aud the hypothe-
sis of epigenesis almost universally accepted in their
place.

This hypothesis, first brought into notice by the re-
searches of Harvey and Wolff on the development of the
chick, has gradually assumed a more definite shape with
the progress of embryology, and has been especially
modified by the growth of the cell theory.

In its modern form it may, for convenience of discus-
sion, be divided into two parts—a statement of the ob-
served facts, and an explanation of the origin of the
Phenomena.
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So far as it is a statement of facts, it cannot be called
an hypothesis, for it simply affirms that the cgg is opti-
cally an ordinary unspecialized cell; that it gives rise,
during the process of segmentation, in g manner which is
identical with ordinary growth by cell division, to a num-
ber of cells which gradually become specialized for cer-
tain functions, and are set apart as the foundations of the
various organs of the body; that the repetition of this
process gives rise, at last, to the perfect body of the
mature animal; that the reproductive elements which are
to give vise to the next generation, originate, like all the
cells of the body, by cell division during the process of
development, and that they are simyply cells speciulized for’
the reproductive function as other cells are specialized for
other functions, Xvery one who has the slightest ac-
quaintance with modern biology will accept this state-
ment, not as an hypothesis, but as an observed fact, and
will agree that between this and the old evolution hy-
pothesis there can be but one choice.

The old hypothesis of evolution, however, claimed to
be something more than a statement of fact, for the
presence of the germ within the egg accounted for the
wonderful properties of the egg itself.

We are at once compelled to ask, then, how, on the
hypothesis of epigenesis, has theegg acquired these prop-
erties 7 If it is simply an unspecialized cell; if, as Ge-
genbauer states, “ the egg is nothing more nor less than
a cell; the egg-cell doés not differ from other cells in
any essential points” (Comp. Anat., Bell'g Trans., p. 18),
how can the egg of a horse develop into a horse, while
another cell, which ‘“does not differ from it in any essen-
tial points,” develops into a bee or an alligator or an
oyster ?

Nothing in nature is more marvellous than the devel-
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opment of each egg into its proper organism, and if itis
true that the egg which is to give rise to a man differs inno
essential point from that which is to give rise to an insect,
we my conclude that the mystery is too great to be futh-
omed by our intelligence, and we may fairly ask what
possible explanation can, on this hypothesis, be given of
the wonderful properties of the egg.

The answer which has been given, and which seems
to have been thought satisfactory by many students, is
this:

We know, from a mass of evidence which is constantly
and rapidly increasing , and to which each new observa-
tion adds cumulative weight, that the various forms of
life have been slowly evolved, during long ages, from
older and simpler forms; that as we trace back the his-
tory of any two animals or plants we find evidence that
in the past they had for a common ancestor a species
which had not yet acquired the distinetive features of
either of them; that a little farther back we trace this
species to an ancestor with still wider relationships.

Every day the evidence grows stronger to show that
more complete knowledge will nltimately prove that the
same thing is true of still larger groups; that families,
classes and orders of organisms have been formed in the
same way by gradual modification and divergence ; that
complete knowledge of the ancestry of any organ-
ism would lead us back through simpler and simpler
forms to a remote unspecialized unicellular ancestral
form. It is unnccessary to review in this place the evi-
dence for this conclusion, for the fact that it is fully ac-
cepted by those best qualified to judge of its truth, is
perfectly familiar to all students.

Now it is said, and the explanation is pretty generally
accepted, that since any particular organism, a horse for
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ingtance, has been slowly evolved from an ancestral rhi-
zopod, and since the ovam of a horse is homologous with
a rhizopod, or is morphologically equivalent to it, we
have in the gradual phylogenetic evolution of the horse
species from an unicellular ancestor, a satisfactory ex-
planation of the ontogenetic development of the indi-
vidual horse from an unicellular ovum.

As soon as attention is fairly fixed upon the subject,
the weakness of this explanation becomes so evident
that I take the liberty of making the following quota-
tion from a well-known authority, in order to show that
the explanation has been soberly advanced. In making
the extract from Haeckel’s writings I am not actnated
by a desire to attack his views, for the same idea can
be found, expressed pretty definitely, in the works of
many other writers, and this particular sclection is
simply a matter of convenience.

Haeckel says: ¢“ Until recently the greatest students
of embryology, Wolff, Baer, Remack, Schleiden and the
whole school of embryology founded by them, have re-
garded the science as exclusively the study of individual
development.  Far otherwise to-day, when the mysteries
of the wonderful history of the development of individ-
nal organisms no longer face us as an incomprehensible
riddle, but have clearly revealed their deep significance :
for the changes of form which the germ passes through
under our eyes in a short time are, by the law of inher-
itance, a condensed and shortened repetition of the cor-
responding changes of form which the ancestors of the
organism in question have passed throngh in the conrse
of many million years. To-day, when we lay a hen’s egg
in an incubator, and in twenty-one days see the chick
break out of it, we no longer gaze in dumb wonder on
the marvellous changes which lead from the simple egg
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to the two-layered gastrula : from this to the worm-like
and skulless germ, and from this to later stages which
repeat, cssentially, the organization of fish, amphibian,
reptile, until at last we have a perfect bird. On the
contrary, we unravel from this history the correspond-
ing series of ancestral forms, which lhave led up through
the amwmba, the gastrea, the worms, the acrania, the
fishes, the amphibia and the reptiles to the bird.

“The series of changes in the hen’s cgg gives us an
outline sketch of the series of ancestors. 7his ancestral
or phylogenctic significance of the phenomena of ontogeny
or individual development is up to the present time the
only explanation of the latter.” (*‘ Gesammelte Populire
Vortrige,” 1L, p. 103.) “Any one who accepts the
law that individual development is a recapitulation of
the evolution of the species will find it simply nafural
that the microcosm of the ontogenetic cell-tree should
be the diminutive, and in part distorted, reflection of
the macrocosm of the phylogenetic genecalogical tree of
the species.” (‘‘Gesammelte Populire Vortrige,” II.,
p. 68.) :

No one can set too high a value upon the scientific
law here expressed—that individual development is a re-
capitulation of the history of the evolution of the species.
It must be regarded as one of the greatest generaliza-
tions of modern science, but I do not think it is possible
to agree with Haeckel that with its discovery the mystery
of individual development has clearly revealed its deep
significance, and no longer faces us as a riddle.

It may be true that it is ““simply natural ” that the
egg of a horse should recapitulate the ancestral history
of horses, and the egg of a bird the ancestral history
of birds, but the statement that this is the case is in no
sense an explanation of heredity., For that matter it is
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¢ simply natural” that a bird’s egg should give rise to a
bird, and a lorse-ovum to a horse, but no one would
accept the statement as an explanation.

We have in the natural selection of variations a true
explanation of the manner in which an unicellular rhi-
zopod has been slowly and gradually modified by an almost
infinite number of slight changes, extending through
countless millions of generations, into a bird. The change
is one of the most wonderful of the phenomena of nature,
but it is in no sense a mystery, for the skill of the
breeder may even now, by the employment of the same
means, produce similar results, only on a much smaller
scale ; by the methodical selection of congenital varia-
tions an organism may be, in a few generations, slightly
modified in any desired direction, and we can fairly and
truly affirm that we understand the evolution of birds
from their unicellular ancestors; but the resemblance
between the evolution of birds from these remote an-
cestors by natural selection, and the development of an
individual bird from an unicellular ovum, is simply an
analogy. It is true that it is an analogy of the greutest
significance, but we must not lose sight of the fact
that the means by which the end is accomplished—the
natural selection, through a long series of gencrations,
of congenital variations—is absent in the second case.
It the epigenesis hypothesis is true, if the egg is simply,
like the rhizopod, an unspecialized cell ; if the egg of
a bird does not differ from the egg of a star-fish in any
essential points, we must acknowledge that the mystery
of individual development is not only as yet unsolved,
but absolutely insoluble.

The student at the sea-shore may collect af the sur-
face, with his dip-net, three similar transparent spherical
eggs. Each of these is, optically, simply a nucleated
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cell, and each when placed under the microscope will
soon be scen to pass through almost exactly the same
changes, giving rise by division to a spherical layer of
cells.  Yet if these three eggs are placed together in
a tumbler of water and exposed to identical conditions,
one may at last become a star-fish, another a crustacean,
and another a vertebrate. Similar things under similar
conditions cannot give rise to widely different results,
and there scems no escape from the conclusion that
these three cggs are not similar, or even cssentially
alike, but that onc of them is a potential star-fish,
another a potential crustacean, and a third a potential
vertebrate. That there is in each of them a something
which separates it very widely from the other two, and
determines its fnture history.

The hypothesis of epigenesis proves, then, on careful
analysis to be as unsatisfactory as the speculations of
Bonnet and Buffon, and we must acknowledge that we
are as yet unable to picture to ourselves the hidden sig-
nificance of the phenomena of individual development,
without returning to some modification of the old evolu-
tion hypothesis. ‘

The attempt to escape this necessity, and to hold fast
to the hypothesis of epigenesis, has given rise within
recent years to much® ingenious speculation, and an ex-
amination of some of the published papers will help,
rather than retard, our argument.

Among these, one of the most ingenions and sng-
gestive is Hacckel’s paper, ‘¢ Ueber die Wellenzeugnng
der Lebenstheilchen oder die Perigenesis der Plasti-
dule.” The following extract (‘¢ Gesammelte Populire
Vortrage,” 1L, pp. 66-72) will, I Lope, give a suffi-
ciently clear statement of his views:

““In order to penctrate still farther into the mechan-
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ies of the biogenetic process, we must descend into the
deep obscurity of plastid-life, and scarch for its true
efficient cause in the motion of organic molecules (Plas-
tidule-Bewegung).

““In fine, this question remains te be answered, Are
we in a position, by the aid of comparison with analo-
gous phenomena of motion, to form a satisfactory pro-
visional hypothesis regarding the true nature of the
plastidule motions which are hidden from our direct
observation? Our hypothesis of perigenesis is an at-
tempt to answer this question in the affirmative,

“ As we review, from the highest and most compre-
hensive point of view, the sum of the phenomena of
organic development, the most general result of our
gurvey is the conclusion that the biogenetic process
is a periodic motion, which we ecan best picture
to ourselves as a wave motion. Adbering at first to
facts which are beyond dispute, and which admit of
direct observation, we may commence with our own an-
cestry: either confining ourselves to the so-called his-
toric period, in which we can pass from man to man by
direct proof; or else following, by tho methods of an-
thropogeny, our ancestry still further back, throngh the
vertebrates to amphioxus, and through the group of in-
vertebrates to the gastrsa, and at last to the amaba
and the moner. In either case the course of develop-
ment (entwickelungsbewegung) of our series of ances-
tors can be most simply represented by a wave-line, in
which the individual life of each organism answers to a
single warve.

“1f now we enlarge our field of view to embrace not
simply our own direct ancestry bant the whole of our
blood-relations, we can make clear by a genealogical tree
their relationship to each other. As the history of the
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ovolution of cach person is represented by a wave-line,
the entire tree will have the form of a branched wave-
motion, a ramified undulation, . . .

¢ A natural system of classification is nothing but a
genealogical tree of allied species of organisms, and each
branch and twig of the tree corresponds to a greater or
smaller group of descendants from a common ancestral
form. This commurrity of descent unites all the forms
of a class, an order, and 50 on. Since each class is di-
vided into various orders, cach order into several families,
cach family again into various genera, each genus into
a number of species and varieties, there is a similar
branching in the wave-motion which is carried from the
common ancestral form to the entire group of its de-
scendants; and each nndulating branch implants in the
same way its individual motion on its various descend-
ants. ‘

““Now the fundamental law of embryology teaches us
that this history of the phylogenetic evolution of organ-
isms is mirrored in miniature in the ontogenetic devel-
opment of each individual. Here the single waves an-
swer to the life of the constituent plastids (cytodes and
cells). The cytula, or the first segmentation eell which
originates from the fertilized egg, and out of which the
many-celled organism iz developed, bears the same rela-
tion to the various cell-generations which originate from
it by division, and which, give rise later by specializa-
tion of function to the various tissues, that the stem-
form of a class or order bears to the various families,
genera and species which diverge from it, and which
have been differently evolved through adaptation to di-
vergified conditions of existence,

““'T'he ontogenetic ‘cell-tree’ of the former has exactly
the same form as the phylogenetic ¢ species-tree’ of the
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latter. The developing impulse which in the one case
is transferred from the ancestral species to the entire
group of species, and in the other case from the ances-
tral cell to the entire group of cells, assumes in both
cases the same form of a branching wave-motion. Any
one who accepts the fundamental law of development
will find it only natural that the microcosm of the onto-
genetic ¢ cell-tree’ should be a diminution,.-and to some
degree distorted reflection of the phylogenetic ¢species-
tree.’ ’

““As we can only explain and render intelligible a
complicated aud obscure phenomenon by dividing it into
its separate elements, and by the exact analysis of these
parts, so it is necessary to penetrate to the ultimate
elementary facts of our mecchanical theory of develop-
ment.

¢ Now the biogenefic process as a whole is the bighly
compound resultant of the developmental history of all
species of organisms. These consist again of the life
histories of the individuals, just as the latter are again
made up of the histories of the constituent plastids.

“The development of each plastid, however, is in its
turn only the product of the active movements of its
constituent plastidules. Now we have seen that the de-
velopmental impulse of the branches and classes, the
orders and families, the genera and species, the individ-
uals and plastids, always and everywhere has for its fun-
dimental characteristic the branched wave-motion. Ac-
cordingly the molecular plastidule-motion, which lies at
the bottom of 2Il the phenomena of life, can have no
other form. We must conelude that this ultimate cause
of all the phenomena of life, that the invisible activity
of the organic molecules is a branched wave-motion.
This true and ultimate causa efficiens of the biogenetic
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process I propose to designate by a single word— Peri-
genests, the periodic wave-generation of the organic
molecules or plastidules.

“This mechanical hypothesis is a true cxplanation of
the process of organic development. .

““The designation of this branched wave-motion of
the plastidule by the word perigenesis or wave genera-
tion serves to emphasize the distinctive characteristic
which separates this dranched motion from all similar
periodic phenomena. This peculiarity depends upon
the reproductive power of the plastidule, and this again
is brought about by its peculiar atomic composition.
This power of reproduction which alone renders possible
the multiplication of the plastids is, however, the equiv-
alent of the memory (Gedichtness) of the plastidule.

“This brings us to Ewald Hering’s ably established
view that unconscious memory is the most important
characteristic of organized matter, or more properly of
the organizing plastidnles. Memory is the chicf factor
in the process of development of organisms. Through
the memory of the plastidules the plasson has the power
to carry over from generation to generation by inheri-
tance, in continnons periodic motion, its characteristic
peculiarities, and to add to these the new experiences
which the plastidules have acquired through adaptation
in the course of their evolution.

I have shown that each organic form is the neces-
sary product of two mechanical factors—an inner factor,
heredity, and an outer factor, variability, or a power of
adaptation.

¢ By the hypothesis of perigenesis we are able to more
sharply define these two fundamental laws of the modi-
fication of organisms, for Leredity is the memory of the
Dplastidules: variability their power of perception (Die



38 Heredity.

Erblichikeit ist das Gediichitniss der Plastidule, die Va-
riabilitiit is die Fassungskraft der Plastidule). The one
brings about the constaucy aud the other the diversily
of organic forms. In the very simple and persistent
forms of life the plastidules have, so to speuk, learned
nothing and forgotten mothing. In highly perfected
and variable organisms the plastidules have both learned
and forgotten much.”

This somewhat long quotation contains a thorough
and exhaustive statement of the perigenesis hypothesis,
and it is thercfore interesting to notice that its only reaj
claim to recognition as a irue explanation of the phe-
nomena of heredity is based upon or at least demands
the acceptance of some form of the evolution hypoth-
esis.

However great may be the importance of the analogy
between the gradeal evolution of the species by the
specialization of the constituent individuuls, and the de-
velopment of the individual by the specialization of cells,
and plastidules, we have wlready pointed out that it ig
in no sense an explunation of the latter, since the real
cause of the evolution of the species, the sclection of
congenital variations, is absent.

The only part of ITaeckel's hypothesis of perigenesis
which has any claim to be considered an cxplanation of
the reproductive power of animals, is the statement that
heredity is memory, and variability the acquisition of
new experiences. Stated by itself, without explanation,
this may seem to those who are unfamiliar with the sub-
jeet very much like nonsense, for the profonnd truth
upon which it rests is not at all obvions at first sight.

Herbert Spencer has, in his masterly disenssion of the
nature and distinctive characteristic of life, given us,
as the sum and substance of his analysis, the statement
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that ““life is the continuous adjustment between inter-
nal relations and external relations.” This, like Haeckel’s
statement that heredity is memory, is not very clear
without explanation, but its meaning may perhaps be
brought out by an illustration.

If 1 kick a stone I produce in it certain changes, such
as motion, heat, ete.; these changes being directly pro-
duced by the kick are simply manifestations of the
energy transferred from my foot to the stone. If, in-
stead of a stone, I kick a dog, I produce a similar set
of changes, and semething more. The cxperience of
the dog*and of his ancestors has taught him that such
violent attacks are always associated with a disposition
to commit still further violence, so, when the dog feels
the blow he imwmediately performs actions which have
as their object, escape from or avoidunce of the danger
which he has not yet experienced, but which he knows
to be imminent. These actions are not the effect of the
kick, for the energy expended may be hundreds of times
greater.  Their character is determined, not by any
change in the dog, but by the character, the disposition,
which he has inherited; and whether he retaliates by an
attack on his own part, puts his tail between his legs
and runs, or crouches at my feet, his actions are the
effect, not of the kick, but of past experience as to. the
best means of escaping further injury. There s a rela-
tion, external to the dog, between the kick and a dispo-
gition to injure the dog, and there is within the dog a
relation between the sensation of injury and the actions
which experience has shown to be the proper ones for
eseaping further injury.

Tha$ which distinguishes the dog from the stone is
the power to adjust these internal relations to the ex-
ternal relations, to conform his conduct to the laws of
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the world around him. The dog, as a living thing, dif-
fers from all inorganic bodies, in his power to make this
adjustment: so long as he retains this power he lives; his
life is a ¢“ continuous adjustment between internal rela.
tions and external relations.” It is plain that this
yower depends upon experience, but experience depends
upon “‘memory.” So we may state, with truth, that in
a certain sense, life is memory; and as the power to re-
produce its like is characteristic of all living things, we
see that there is in Haeckel’s statement a profound
truth. :

We know memory, however, only in conncetion with
organization, and if it is true that hercdity, the power
of an organism to reproduce its like, is simply the
memory, by the ovam, of the experience of its ances-
tors, we must believe that there exists in the ovum an
organization of some kind to correspond to each of these
past experiences.

We are therefore driven by the hypothesis of peri-
genesis back from the hypothesis of epigenesis to some
form of the old evolution hypothesis, for we cannot con-
ceive that complicated experiences should exist without
complicated structure.

We are thus compelled to conclude that, while it un-
doubtedly expresses a great truth, Haeckel’'s hypothe-
sis of perigenesis is not a satisfactory and final explana-
tion of the phenomena of reproduction. A satisfactory
theory of heredity must explain what it is, in the struc-
ture and organization of the ovum, which determines
that each ovam should produce its proper organism.

To state that this organization can be expressed in
terms of memory, is simply to state the familiar truth
that matter and force are different aspects of the same
thing; that all problems of matter may be put into the
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terms of force. The statement does not help us at all
to picture to ourselves the essential hidden structure
of the egg, the organization upon which its wonderful
properties depend.

Jiger has recently brought forward an hypothesis
which seems at first sight to be a satisfactory epigenesis.
hypothesis, but examination shows that this too, like
Haeckel’s perigenesis hypothesis, must be turned into
an evolution hypothesis before it can be accepted.

The following extract from his paper (‘ Zur Pangene-
sis,” von Prof. Dr. G. Jiager. Kosmes iv. 376. 1879)
gives, I believe, a fair statement of his views.

¢ Each organ and tissue of an animal or plant con-
tains, in the molecules of its albumen at least, a specific
Savor-and-odor-substance (Duft-und-Wiirzestoff) which
we can easily recognize by our chemical sense, for each
organ of an animal has its distinctive flavor. Whenever a
full-grown animal experiences hunger, deecomposition of
albumen takes place in all its organs and tissues, so that
their various favor-and-odor-substances, that is their
soul-substance (Seelenstoffe), become free, and penetrate
to all parts of the body.

‘“ Now, if there exists in any part of the body proto-
plasm with the power to attract this substance, this pro-
toplasm acequires in this way its vires formative.

“I have already referred with emphasis to the em-
bryological fact that the formation of the reproductive
elements takes place at a very early stage in the embry-
onic life of an animal, and I have designated this as
the reservation of germinal protoplasm. As soon as the
embryonal cells of the developing animal have become
specialized into ontogenitic and phylogenetic cells, the
following will occur. ‘Whenever any decomposition of
albumen occurs in the developing organism, from hun-
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ger or any other cause, the ontogenetic cell-material
which builds up the organism will set free soul-stuff.

““ By the law of gaseous diffusion this will not only es-
cape from the body as an excretion, but it will also pene-
trate to the germinal or phylogenetic protoplasm. This
process 1 shall now term soul-reception (Scelenfangeret)
in the following sense. The chemical substance which
forms the greater part of the ova and male cells has
lately been called nuclein, since it shows the closest re-
semblance to the cellnucleus. The yolk-substance is
now regarded, not as vitellin, but egg-nuclein, and the
gubstance of the male cell not spermatin but sperm-nu-
clein. We also know that nuclein cousists of albumin,
and phosphoric lecithin.

“The question then is the origin of the nuclein in
the egg, and the male cell, and this may be answered as
follows:

“The reproductive organs do not receive albumen
from the body of the mother, since according to the law
of Traube, the molecules of a substance which forms
a membrane ecannot, on account of their size, pass
through the pores of that membrane. The germ-cell is
an ‘tlbummous membrane, and hence it will not allow
the passage of albumin molecules.

“It simply contains the albumin-nucleus, which re-
mains after the decomposition of the soul-substance, and
this is a peptonelike substance which, having lost its
soul-substance, has a2 smaller molccule. It is therefore
unspecialized, or deprived of its soul (enispesificirt, ent-
seelt), and the process of assimilation in the germ muy
be termed soul-restoration (Wiederbeseelung). The
necessary sonl-substance is supplied by the decomposi-
tion of albumen in the ontogenetic cell-material.

““Thus, for example (p. 380), it is known that the re-
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productive organs of a caterpillar are already formed
before it leaves the egg.  During its life in the egg, and
as a caterpillar, eaterpillar-nuclein isformed in its germi-
nal cell-material.  During the pupa stage pupa-nuclein
is stored up in its reproductive elements, and finally,
when it becomes a butterfly, butterfly-nuelein is stored
up. The ripe egg and the ripe male cell therefore con-
tain nuclein of three kinds, caterpillur-nuclein, pupa-
neclein, and butterfiy-nuelein.”

It will be scen that Jiger’s hypothesis is, in a certain
sense midway between evolution and epigenesis. e
holds that at first both the ovam and the male-cell are
unspecialized (entscelt) ; that they exist in the very
young embryo as embryonic ova or spermatozoa, and
that, as the embryo gfows up, the reproductive cells
gradually become speciulized by the assimilation of soul-
stuff, which is thrown off by the decomposition of
albumen in various parts of the Lody of the growing
organism, and penetrating to the embryonic ova and
spermatozoa is assimilated by them, so that when the
animal becomes sexually mature, the cells of its repro-
ductive organs contain all the ‘“soul-stuff ” necessary to
produce a new organism like the parent.

The statement which I have given is a free translation
of Jager’s outiine 6f his theory, and I think it may be
regarded as a fair exposition of his views.

A fatal objection to his hypothesis is found in the
fact that where a parent gives birth to young before it
has reached full maturity and before it has acquired all
the characteristics of the species, the yonng neverthe-
less inherit these characteristies.  The young which are
borne by a Cycedomia larva inherit all the characteristics
of the full-grown adult insect, and a bull may transmit
to female children the good milking qualities of his
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mother. It is plain that the child of a beardless boy
could not inherit the ‘“ soul-stuff” of a beard in the way
Jigel‘ imagines, and this fact alone is enough to show
that he has not discovered the true secret of heredity.

We know, too, that reversion, the appearance in the
child of the features inherited from a remote ancestor
but not shared by its parents, is not at all nnusual, and
mast be regarded as one of the leading characteristics of
heredity. It is plain that if theembryonic ovum is, as
Jiger states, unspecialized or ‘¢ de-souled,” reversion is
inexplicable. Accordingly, when he comes to discuss
reversion lie makes a fundamental change in his hypoth-
esis, and holds that when the ovam divides, at a very
early stage of its development, into two parts, an onto-
genetic portion, which gives rise to the new organism,
and a phylogenetic portion, which ultimately forms the
germinative cells of its reproductive organ, the second
part is not unspecialized or *“ de-souled™ at all, but really
retains all the characteristics of the ovam which gives
risec to it, and is therefore capable, like the ovam, of
giving rise to a new organism.

As thus remodelled, I believe, and hope to show in
the sequel, that Jiger’s hypothesis is a close approxima-
tion to the truth, but it is only fair to point out that
in its altered form it is not original with Jiger. The
author published almost exactly the same view in 1876
(*“On a Provisional Hypothesis of Pangenesis,” Proc.
Amer. Assn., 1876, and American Naturalist, March,
1877), and it had been stated as long ago as 1849 by
Prof. Owen, in his paper on Parthenogenesis, although
this author, in his ““ Anatomy of Vertebrates,” after-
wards states that he now believes it to be fundamentally
erroneons. 1t is plain, too, that in its second form
Jiger’s hypothesis is one of evolution, pure and simple,
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for the egg is, at no stage of its growth, unspecialized,
and it does not require the assimilution of ‘¢ soul-stuff”
in order to develop into an organism.

We must conclude, then, that however satisfactory
and accordant with observed fact the hypothesis of
epigenesis seems to be at first sight, more careful analy-
sis shows that it is in no sense a true explanation of the
phenomenon of development.

The analogy between the.evolution of the species from
an unicellular ancestor, and the development of the indi-
vidual from an unicellular egg, is simply an analogy, for
the cause of the first phenomenon, the selection of con-
genital variations, is wanting in the second case, and
there is nothing to take its place if it is truc that an egg
is really, like a rhizopod, an unspecialized cell.

Haeckel’s statement that heredity is memory, how-
ever true it may be, cannot be aceepted as an explana-
tion, for we have no knowledge of the existence of mem-
ory apart from organization, and we cannot conceive
that an ovam can retain the memory of the past history
of its species, unless it possesses a corresponding organ-
1zation,

Jiger’s view that the embryonic ovum is unspecial-
ized, and that its specialization is gradually assimilated
during the development of the organism which contains
it, fails to account for the phenomena of reversion, and
to account for reversion he is compelled to assume that
the egg is organized from the time of its origin in the
developing egg of the preceding generation,

In ecach case we are driven to the same conclusion,
that the epigenesis hypothesis is inadequate; and we are
forced to accept some form of the evolution hypothesis.

Tliis necessity has not escaped the notice of some of
our most acute thinkers. Huxley, for cxample, says
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(Encyc. Brit., Art. Evolution), ¢ Harvey’s definition of
a germ as ‘ matter potentially alive, and having within
itself the tendency to assume a definite living form,’
appears to meet all the requirements of modern science.
For notwithstanding it might be justly questioned
whether a germ is not merely potentially but  rather
actually alive, though its vital manifestations are re-
duced to a minimum, the term potential may fairly be
used in a sense broad enough to escape the objection,
And the qualification of potential has the advantage of
reminding us that the great characteristic of the germ is
not so much what it is, but what it may under suitable
conditions become. ‘“KFrom this point of view the pro-
cess, which in its superficial aspects is epigenesis, ap-
pears in essence to be evolution, . . . and development
is merely the expansion of a potential organism or
organic preformation according to fixed laws.”



