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PREFACE

SHORTLY after the appearance of Dr. Oscar Hert-
wig’s treatise ¢ Priformation oder Epigenese? I
published in Natural Science (1894) a detailed
abstract of it. But the momentous issues involved
in the problem of heredity, and the great interest
excited by Dr. Weismann’s theories, make it de-
sirable that a full translation should appear. By
the kindness of Dr. Hertwig and his German pub-
lisher, this is now possible. I have prefixed an
introduction, written for those who are interested
in the general problem, but who have little acquaint-
ance with the technical matters on which the
argument turns. In the actual translation I have
tried no more than to give a faithful rendering of
the German. After no little perplexity, I have
rendered the German word Amnlage as ‘rudiment.’
It is true, a double meaning has been grafted upon
the English word, and it is widely employed to mean
an undeveloped structure, without discrimination
between incipient and vestigial character. 1 use it
in the etymological sense, as an incipient structure.
For the difficult words, Erbgleich and Erbungleich,
a succession of new terms have been suggested.
Here I use for the first term the word ¢ doubling,’
for the second ¢ differentiating.’

Bl M,






TRANSLATOR’S INTRODUCTION

INQUIRY into the problems of heredity is beset with
many difficulties, of which not the least is the
temptation to argue about the possible, or the
probable, rather than to keep in the lines of obser-
vation. Setting out from a laborious and beautiful
series of investigations into the anatomy of the
Hydromedusz, Weismann came to think that the
organic material from which the sexual cells of
these animals arose was not the common protoplasm
of their tissues, but a peculiar plasm, distinet in 1ts
nature and possibilities. In the course of several
years, Weismann not only continued his own in-
vestigations in the many directions that his con-
ception suggested, but made abundant use of that
new knowledge of the nature and properties of cells
which has been the feature of the microscopy of
the last decade. His theory of the germplasm
gradually grew, undergoing many alterations, so
that even in its present form he regards it as tenta-
tive. Neglecting the numerous modifications and
accessory hypotheses by which he has sought to
adapt the theory to the phantasmagorial complexity
of organic nature, the main outline of the theory is
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as follows : A living being takes its individual origin
only where there is separated from the stock of the
parent a little piece of the peculiar reproductive
plasm, the so-called germplasm. In sexless repro-
duction one parent is enough; in sexual repro-
duction equal masses of germplasm from each
parent combine to form the new individual. The
germplasm resides in the nucleus of cells, and Weis-
mann 1dentifies it with the nuclear material which
microscopists have named chromatin, on account
of the avidity with which it absorbs certain dyes.
Like ordinary protoplasm, of which the bulk of
cell-bodies is composed, the germplasm is a living
material, capable of growing in bulk without altera-
tion of structure, when it has access to appropriate
food. But 1t 1s a living material much more com-
plex than protoplasm. In the first place, the mass
of germplasm which is the starting-point of a new
individual consists of several, sometimes of many,
pieces termed ids, each of which contains all the
possibilities—generic, specific, individual—of a new
organism, FEach 4d i1s a veritable microcosm,
possessed of a historic architecture that has been
slowly elaborated during the multitudinous series
of generations that stretch backwards in time from
every living individual. This microcosm, again,
consists of a number of minor vital units called
determinants, which cohere according to an orderly
plan. A determinant exists for every part of the
adult organism which is capable of being different
in different individuals. And, lastly, each deter-
minant consists of a number of ultimate particles
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called biophores, which eventually pass into the
protoplasm of the cells in which they come to lie
and direct the vital activities of these cells. A
most important part of the theory 1s what it
supposes to occur during the embryological develop-
ment of the individual. The mass of germplasm
derived from the germplasm of the parent lies in a
mass of ordinary protoplasm. Both the protoplasm
and the germplasm, by the assimilation of food,
gradually increase in bulk until the adult size of
the organism is reached. Along with the increase
of size there occurs a gradual specialisation, during
which the tissues, organs, and structure of the
creature are attained. The simplest conception of
this process is to regard the initial mass as a single
cell, the nucleus of which is composed of the
parental germplasm. The nucleus and the proto-
plasm increase in size, and then, first the nucleus
and next the protoplasm divide, so that there are
formed two cells, each with a nucleus. Each of
these again divides, and the process goes on con-
tinuously, the new-formed cells gradually being
marshalled into their places to form the adult
tissues and organs, and they gradually assume the
special characters of these tissues and organs.
Now, Weismann’s theory supposes that the first
division of the germplasm is what is called in
this translation a doubling division (frbglewche
Theilung). The mass has grown in bulk, without
altering its character, so that each resulting mass
is precisely like the other. One of the two portions
subsequently increases in bulk, and may again
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divide repeatedly, but always by doubling division.
It therefore remains unaltered germplasm, and
eventually is marshalled to the part of the adult
from which new organisms are to arise, becoming,
for instance, in the case of a woman, the nuclear
matter of the ovary. Thus, the germplasm is
handed on continuously from generation to genera-
tion, forming an unbroken chain, through each
individual, from grandparent to grandchild. This
is the immortality of the germ-cells, the part of the
theory which has laid so strong a hold on the
popular imagination. And with this also is con-
nected the equally celebrated denial of the inherit-
ance of acquired characters. For, at first, it seemed
a clear inference that, if the hereditary mass for the
daughters were separated off from the hereditary

mass that was to form the mother, at the very first, -

before the body of the mother was formed, the
daughters were in all essentials the sisters of their
mother, and could take from her nothing of any
characters that might be impressed upon her body
in subsequent development. As this treatise
touches only indirectly upon the question of
acquired characters, it is necessary only to mention
that while his early sharp denial of the possibility
of inheritance of acquired characters has led to a
damaging criticism of supposed cases, Welsmann,
in the riper development of his theory, has found a
possibility for the partial transference of influences
that affect the mother to the germplasm contained
within her.

It is with the fate of the other portion coming

S——
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from the first division of the germplasm that we
are concerned here. It is set apart to form the
nuclear matter, and so to control the building up
of the actual individual. Weismann supposes that
the subsequent divisions it undergoes are what I
call in this translation differentiating divisions
(Erbungleiche Theilung). According to his theory,
in each of these divisions the microcosms of the
germplasm are not doubled, but are slowly dis-
integrated, the division differentiating among the
determinants, and marshalling one set into one
portion, the other set into the other portion. The
differentiating process occurs in an order deter-
mined by the historic architecture of the micro-
cosms, so that the proper determinants are liberated
at the proper time for the modelling of the tissues
and organs. Ultimately, when the whole body is
formed, the cells contain only their own kind of deter-
minants. It follows, of course, from this that the
cells of the tissues cannot give rise to structures
containing less disintegrated nuclear material than
their own nuclear material, and least of all to
reproductive cells, which must contain the undis-
integrated microcosms of the germplasm. As
special adaptations for the formation of buds and
for the reconstruction of lost parts, cells may be
provided with latent groups of determinants to
become active only on emergency. But with these
exceptions, the nuclear matter of the cells of the
body contains only what is called idioplasm, a
differentiated portion of the germplasm peculiar to
cells of their own order, and it can give rise only to
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idioplasm of the same or of alower order. And here
we come round again to the original observations
from which Weismann set out. For he found that
among the Hydromedusz, although the sexual
cells seemed to arise in very different topographical
positions, there had always been a migration to
these localities of a material which he would now
call the germplasm. And here also, that the point
may be made plain, there may be mentioned the
observations of surgeons and physicians, who insist
that the growths of disease always conform strictly,
in their cellular nature, to the tissues from which
they arose, and that in the healing of wounds like
only grows from cellular like.

Dr. Oscar Hertwig is a scientific naturalist of the
very first rank, and his name i1s peculiarly asso- -
ciated with many of the most important advances
in our knowledge of cells and of embryology. To
him chiefly, for instance, is due the discovery of the
intimate nature of fertilisation—that it consists in
the union of the nuclear matter of a cell from the
male with the nuclear matter of a cell from the
female. With the exception of Francis Balfour, no
man has laboured more patiently, or achieved more
wonderful results, in the investigation of the origin
and marshalling of cells by which the egg changes
into the adult. From his own experience, and from
his study of the observations made by others, he
has been led to doubt the validity of apparently
fundamental parts of Weismann’s conception. In
the first place, he thinks that there is no evidence
for the existence of differentiating as opposed to
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doubling divisions, and that there is evidence that
divisions always are doubling divisions. He thinks,
in fact, that when a portion of germplasm divides,
the daughter-cells receive portions of germplasm
exactly alike and exactly like the original portion
in the parent-cell. The cells, indeed, become
different from each other as the organism grows,
some becoming muscle-cells, others mnerve-cells,
others digestive-cells, and so forth. Weismann
thinks that the differences occur because, in the
disintegration of the germplasm - microcosms,
according to a prearranged plan, only the deter-
minants for nerve-cells are marshalled into nerve-
cells, only those for muscle-cells into muscle-cells,
and so forth. The development is an evolution, an
unfolding or unwrapping of little rudiments that
lie in the germplasm. Hertwig insists that every
cell receives the same kind of germplasm, but that,
according to the situations in which they come to
lie, different characters are impressed upon them,
The development is an epigenesis, or impressing on
1identical material of different characters by dif-
ferent surrounding forces. His second line of
argument against Weismann leads to a similar
conclusion. A large number of the characters that
arise in an organism during its development are
due to the combination of many cells. They
cannot, come into existence until the multiplication
of cells has made their existence possible, and he
thinks, therefore, that they cannot have rudiments
inside a single cell as their determining cause.

It is no part of my present purpose to insist,
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even to the extent that in this treatise Hertwig
himself insists, upon the points of agreement
between the two views. We are only at the
beginning of inquiry into the problems of heredity,
and the protagonists of the opposing views, like
all those who care more for knowledge than for
argument, are concerned more for truth than for
the establishment of a modus vivendi. Reconcilia-
tion is the parent of slothful thinking and of
glosses ; it is by sharp contrasting of the opposing
views that we are like to have new facts elicited,
and new lines of inquiry suggested.

As many are interested in the problems who
have little acquaintance with the technical facts
of embryology, a simple account of the early
stages in the development of an animal may be
useful for reference. 1 shall choose back-boned
animals, as, from the inclusion of man among them,
they are of more general interest. The process
begins with the fertilisation of the egg-cell by the
fusion with its nucleus of the nucleus or head of a
male-cell or spermatozoon. At their first origin
the nuclei of the sperm and of the egg may be
of very different appearance, while that of the
sperm is invariably smaller than that of the egg.
But before or during the process of fertilisation,
changes take place, the result of which is that
the fusing nuclei are exactly alike in morphological
character. The chromatin, or peculiar substance
of the nuclei, is transformed into a number of
bodies known as chromosomes, which are of the
same number, form, and size, in the two sexes.
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Form, size, and number are different in different
animals, but there is reason to believe that they
are normally the same in all the individuals of a
species. The fertilised nucleus, thus consisting of
chromosomes from male and female, then divides
by a complicated process known as karyokinesis,
in which each chromosome splits longitudinally, one
half passing to each daughter-nucleus. Through-
out the whole process of embryonic and post-
embryonic growth, the chromatin is gradually
increasing in bulk, and being distributed by
karyokinesis. The normal character of these
divisions is as follows : A daughter-nucleus, after
separation, passes through a resting phase, in
which the chromosomes, as definite structures,
disappear, and in which growth of the nuclear
matter occurs. Then chromosomes of definite
size and form, and corresponding in number to
those present in the fertilised egg-cell, again
appear. These split longitudinally, and a half of
each passes to each daughter-nucleus. The simi-
larity of these processes among all living creatures,
vegetable and animal, and their extreme complica-
tion, suggests that karyokinesis is the chief factor
in distributing the hereditary mass to the growing
organism. Weismann and some others think that
there is evidence for a difference in the nature of
the process, which may in some cases correspond to
his distinetion between doubling and differentiating
divisions, but it may be said at once that the record
of observations is yet too conflicting for any such

general interpretation.
B
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Along with the increase in bulk and distribution
of the nuclear matter, there goes an increase in
bulk and segregation of the ordinary protoplasm.
The simplicity of the actual development of most
back-boned animals 1s disguised by provision for
the nutrition of the growing embryo. In a large
number of cases, as, for instance, in birds and
reptiles, the egg-cell, a microscopic structure at its
first formation, is bloated out into the large eggs
with which we are familiar, by the addition of
quantities of food-yolk.  These eggs, although
morphologically single cells, do not divide as cells.
A small disc of protoplasm, surrounding the
nucleus, floats upon the surface of the yellow yolk,
and, when the nucleus divides, furrows appear in
this between the daughter-nuclei, but stretch very
little way into the inert food-yolk. The subse-
quent marshalling of the cells is disguised by their
assoclation with a preponderating mass of inert
material. In a far-distant period in the history of
evolution, the eggs of mammals like man were
large, and contained, as in the lowest existing
mammals, a store of food-yolk. Now the food-
yolk is not formed, as the developing embryo
obtains its nourishment from the blood of the
mother. But the course of development is dis-
torted, partly as a legacy from the old large-yolked
condition, and still more to suit the new method of
nutrition. Some of the simpler animals even
among existing vertebrates still exhibit a marshal-
ling of cells common among invertebrates, and to
be traced under the complications of higher forms,
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In these, now, as in the marine ancestors of all the
vertebrates, the fertilised egg is a tiny cell provided
with very little yolk, and set adrift in the sea-
water. The first division of the nucleus, and each
subsequent division of the daughter-nuclei, is at
once followed by division or segmentation of the
whole cell. The plane between the two cells thus
formed is called the first cleavage-plane, and is
regarded as vertical. The second cleavage-plane
is at right angles to the first, and is also vertical, so
that the little embryo consists of four cells, all on
the same horizontal plane. The third cleavage-
plane is horizontal, and divides the four cells into
an upper and lower tier of four cells. In the course
of a series of divisions the eight cells come to form
a hollow sphere—the blastosphere—enclosing a
cavity known as the cleavage or segmentation
cavity.

The first great modelling then occurs. At one
side the single layer of cells, of which the wall of
the blastosphere is composed, begins to bend
inwards, just as a dimple forms in a hollow india-
rubber ball if a pin-prick allow some of the con-
tained air to escape. Further cell-divisions occur,
and the invagination becomes deeper, until the in-
vaginating wall nearly touches the wall which has
retained its primitive position. The embryo has
thus become a hollow cup, the walls of which are
double. The cup elongates, and its mouth, origin-
ally wide open, becomes more and more narrow,
until it forms a small pore opening into an elongated
blind sack. The embryo in this stage is known as
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a gastrula. The central cavity becomes the cavity
of the gut; the pore leading into it marks the
hind end of the future animal, in the case of verte-
brates, and is known as the blastopore. The layer
of cells lining the cavity of the sack is known as
the hypoblast, and gives rise chiefly to the cells
lining the alimentary canal of the future animal.
The outer layer of cells is known as the epiblast,
and forms the outer layer of the skin, and, along
the future dorsal line, gives rise to the nervous
system. The muscles and skeleton and the repro-
ductive cells arise from a set of cells known as the
mesoblast, that are formed chiefly from the hypo-
blast, and that push their way in between the
hypoblast and epiblast.

This general course of development may be
traced 1n all members of the vertebrate group, and,
with slight modifications, may be applied to a large
number of invertebrates. As the modelling of the
general contour of the whole body and of the
separate organs proceeds, the protoplasm of the
cells gradually assumes the characters of the sub-
stance of muscle-cells, liver-cells, nerve-cells, blood-
cells, and so forth, The problem of this book will
become clearer if it be considered with special re-
ference to what goes on in these early stages.
Hertwig says that all the cells of the epiblast,
hypoblast, mesoblast, and of the later derivatives
of these primary layers, receive identical portions
of germplasm by means of doubling nuclear
divisions. The different positions, relations to each
other and to the whole organism, and to the
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environment in the widest sense of the term, cause
different sides of the capacities of the cells to be
developed, but they retain in a latent form all
the capacities of the species. Weismann says that
the nuclear divisions are differentiating, and that
the microcosms of the germplasm, in accordance
with their inherited architecture, gradually liberate
different kinds of determinants into the different
cells, and that, therefore, the essential cause of the
specialisation of the organism was contained from
the beginning in the germplasm.












THE

BIOLOGICAL PROBLEM OF TO-DAY

INTRODUCTION.

WHAT is development ? Does it imply preforma-
tion or epigenesis ? This perplexing question of
biology has reappeared recently as a problem of the
day. Of late years there have been set forth con-
tradictory doctrines, each seeking to explain the
process by which the fertilised egg-cell, an ap-
parently simple beginning, gives rise to the adult
organism, which often 1s exceedingly complicated,
and which has the capacity of producing new
beginnings like that from which 1t itself arose.

The opposing views of to-day were In existence
centuries ago, and they are known in the history
of science as the theory of preformation or evolu-
tion, and the theory of epigenesis. That most
of the great biologists of the seventeenth and
eighteenth centuries were decided upholders of
evolution was the natural result of the con-
temporary knowledge of facts. For they knew
only the external signs of the process of develop-

1
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ment. All they saw was the embryo becoming
adult, the bud growing out into a blossom, as the
result of a process in which nutrition transformed
smaller to greater parts. And so they regarded
development as a simple process of growth result-
ing from nutrition. Their mental picture of the
germ or beginning of an organism was an exceed-
ingly reduced image of the organism, an image
requiring for its development nothing but nutrition
and growth. That the material eye failed to
recognise the miniature they attributed to the
imperfection of our senses, and to the extreme
minuteness and resulting opacity of the object.
That it might satisty our human craving for
final causes, the theory of preformation had to be
accompanied by a corresponding explanation of the
origin of the miniatures. Biologists had already
abandoned the error of such spontaneous generation
as the origin of flies from decaying meat, and, in
its place, had accepted the doctrine of the con-
tinuity of life, formulating it in the phrase, Omne
vivum e vivo (Each life from a life), and in the
similar phrase, Omne vivum ez ovo (Each life from
an egg). One creature issued from another, within
which it had lain as a germ, and the series was
continuous. Thus, the theory of preformation gave
rise to the conception that living things were a
serles of cases or wrappings, germ folded within
germ. The origin of life was relegated to the
beginning, at the creation of the world : it became
the work of a supernatural Creator, who, when He
formed the first creatures, formed with them, and
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placed within them, the germs of all subsequent
creatures.

To reckon at their proper value the theory of
preformation, and, still more, the doctrine of en-
folded germs, the standard of appreciation must
not be the present range of our knowledge. They
must be viewed historically, in the light of the
knowledge of these days.

Nowadays it is not so much pure reason as a
wider empirical knowledge of nature, with 1ts con-
sequent transformation of ideas, that makes the
doctrine of enfoldment difficult. Abstract thought
sets no limit to smaliness or greatness; for mathe-
matics deals with the infinitely small and with the
infinitely great. So long as actual observation had
not determined the limits of minuteness in the
cases in question, there were no logical difficulties
in the doctrine of enfolded germs. The biology of
earlier centuries had not our empirical standard.
What appeared then to be a simple organic
material we have resolved into millions of cells,
themselves consisting of different chemical materials.
The chemical materials have been analysed into
their elements, and chemistry and physics have
determined the dimensions of the ultimate molecules
of these. It is only because the minute constitu-
tion of matter is no longer a secret to us that the
theory of germ within germ now touches the
absurd.

It was very different in earlier days ; the acutest
biologists and philosophers were evolutionists, and
an epigenetic conception of the process of develop-
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ment could find no foothold alongside the apparent
logical consistency of the theory of preformation.

Wolft’s Theoria Generationis (1759) failed to
convince his contemporaries, because he could bring
against the closed system of the evolutionists only
1solated observations, and these doubtful of inter-
pretation ; and because, in his time, on account of
the rudimentary state of the methods of research
in biology, men attached more importance to ab-
stract reasoning than to observation. His effort
was the more praiseworthy in that it was observa-
tion bearing witness against abstract and dogmatic
conceptions. By means of actual observation he
tried to expose the fallacy in preformation, to show
that the organism was not fully formed in the germ,
but that all development proceeded by new forma-
tion, or epigenesis ; that the germ consisted of
unorganised organic material, which became formed
or organised only little by little in the course of its
development, and that Nature really was able to
produce an organism from an unorganised material
simply by her inherent forces.

It is interesting to display the essential contrast
between preformation and epigenesis in the poetical
words of Wolft himself. ‘You must remember,
so run his words in the second argument against
the probability of preformation, ‘ that an evolution
would be a phenomenon formed in its real essence
by God at the Creation, but created in condition
invisible, and so as to remain invisible for long
before it would become visible. See, then, that a
phenomenon of enfolding is a miracle, differing
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from ordinary miracles only in these: first, it was
at the creation of the world that God produced it ;
second, it remained invisible for long before it
became visible. In truth, therefore, all organic
bodies would be miracles. Would not this change
for us the presence of Nature ? Would it not spoil
her of her beauty? Hitherto we had a living
Nature, displaying endless changes by her own
forces. Now it would be a fabric displaying change
in seeming only, in truth and essence remaining
unchanged and as it was constructed, save that
it gradually becomes more and more used up.
Formerly it was a Nature destroying herself and
creating herself anew, only that endless changes
might become visible and new sides be brought to
light. Now it would be a lifeless mass shedding off
piece after piece until the stock should come to an
end.’

None the less, who seeks in Wolff’s ‘ Theoria
(Generationis * an account of the means or forces by
which Nature builds up organic forms will seek in
vain. The wis essentialis (inherent force) with
which Wolff endowed his plastic organic material, or
the nisus formativus (formative force), afterwards
suggested to science by Blumenbach — what are
they but empty words by which men seek to
grasp in thought what has eluded them? Wolff’s
epigenesis was not a complete explanation—indeed,
from its fundamental conception it could . not
possibly be such. For investigation of the natural
forces by which development proceeds can advance
only slowly and step by step, and for long will con-
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stitute the foremost task of biology. The prose-
cution of biological investigation will continuously
endow the theory of epigenesis with a fuller and
fuller meaning, but will never transform it into a
solution final in the sense of the theory of pre-
formation.

It seems to me that the significance of Wolff’s
doctrine lies in this: it rejected the purely formal
theory of preformation because actual observations
were against it. Thereby Wolff freed research
from the straitened bonds of prejudice, and entered
the only possible path by which science can advance
—the path along which the biology of our century
has made so great advances. '

Biologists of to-day approach the problem of
organic development equipped with incomparably
greater knowledge and with more delicate methods
of research. But in our thoughts to-day, as we
discuss the essential nature of the process of organic
development and the mutual causal relations be-
tween rudiments and their produets, the same con-
tradictory views are present, altered only as our
methods of expression have altered.

In a striking fashion Roux! has contrasted the
opposing 1deas inherent in our modern conception
of development, but yet identical with those which
formerly found expression in the theories of pre-
formation and epigenesis.

‘By the term “embryonic development,” in its

! Wilhelm Roux in Zeitschrift fiir Biolagie, vol. xxi. (1885) :
Ziir Orientivung weber einige Probleme der Embryonalen Entwick-
{ung.
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ordinary acceptation, we understand the appear-
ance of visible complexity. But when we speak of
the visibility of the resulting complexity, we use a
subjective term, the value of which is relative to
the human eye. Going further into the matter, we
must break up the conception into two parts, and
distinguish between the actual production of com-
plexity and the mere transformation of complexity
from a condition invisible to us into complexity
visible to our senses.

‘The two kinds of development I have indicated
bear a relation to each other that recalls the old
opposing doctrines of preformation and epigenesis,
the alternatives of a time when it was a task—
perhaps the only possible task—to record the com-
pleted results of the stages in development as they
became complete—in fact, to record the externally
visible changes of shape. In this descriptive in-
vestigation of the development of external form,
epigenesis, the successive formation of new shapes,
cained a complete victory over evolution, the mere
becoming visible of pre-existing details of shape.

‘The closer investigation of embryonic develop-
ment that is necessary in a search for causes
brings us once more against the old alternatives,
and compels us to a closer scrutiny of them.

“In this, if we still retain the old terms, epigenesis
would mean not merely the building up of com-
plicated form through the agency of a substratum,
apparently simple, but perhaps with an extra-
ordinarily complicated, minute structure, but, in the
strictest sense of the term, the new formation of
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complexity, an actual increase of complexity.
Evolution, on the other hand, would imply the
mere becoming visible of pre- existing latent
differentiation. Clearly, according to these.general
definitions, occurrences which outwardly exhibit
epigenesis may be in reality partial or complete
evolution. In fact, the deepest consideration leads
us again to the original question: Is embryonic
development epigenesis or evolution? Is it the
new formation of complexity, or is it the becoming
visible of complexity previously invisible to us ?
Thus, in our own days, after the controversy has
been at rest for long, biologists are assembled in
opposing groups, one under the standard of epi-
genesis, another under that of preformation.
Weismann! leads the van for preformation; for
the last ten years he has occupied himself with the
theoretical discussion of the questions set forth
above ; and now, in a recent treatise, The Germ-
plasm, he has combined his views, already many
times modified, in a coherent theory. Now he ex-
plains candidly that he has been driven to the
view that epigenetic development does not exist.
“In the first chapter of my book,” he remarks, ¢ will
be found an actual proof of the reality of evolution,
a proof so simple and obvious that I can scarcely
understand to-day how 1t could have escaped my
notice so long’ (Germplasm, p. 14). Elsewhere he
writes: ‘I believe that I have established - that

1 See Weismann's Collected Essays, Clarendon Press (2nd edit.),
vol. 1., 1891, vol. ii., 1892 ; and Weismann's Germplasin, Walter
Scott’s Contemporary Science Series, 1893. The references in this
translation are to the latter volume.
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ontogeny can be explained only by evolution, and
not by epigenesis.’

A mental process, which consciously or uncon-
sciously plays a great part with evolutionists, and
helps to determine their conclusions, is characteristic
of the direction of their inquiries. They set out
from the fact that the characters of the parents,
often to the smallest detail, are transmitted to
children by means of the germ or rudiment :; they
conclude that the active causes of all the complexity
that arises must be contained in the apparently
homogeneous germ, embryological differentiation
being a spontaneous process. It follows that the
apparent homogeneity 1s, in reality, latent com-
plexity which becomes patent during the progress
of ontogeny. Latent complexity implies a material
substratum, consisting of actual particles for which
many different names have been found. As our
senses can give us no experimental knowledge of
these particles, which are so small as to be invisible,
modern evolutionists attempt to picture them, in
imagination, by reflecting all the visible characters
of the perfected organism upon the undivided egg-
cell, so peopling that globule of yolk with a system
of minute particles corresponding in quality and in
spacial arrangement with the larger parts of the
adult.

Weismann has practised this art in the true
spirit, of a virtuoso, and has elaborated it into a novel
mode of biological investigation. Takeanexample ;—
“ It would be impossible,” he says in The Germplasm
(p. 138), “for any small portion of the human skin
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to undergo a hereditary and independent change
from the germ onwards, unless a small vital element
corresponding to this particular part of the skin
existed in the germ substance, a variation in this
element causing a corresponding variation in the
part concerned. Were this not the case, birth-
marks would not exist.’

Thus, in a slightly altered fashion, we come again
to the position of the evolutionists of last century,
for whom the germ was an extremely small
miniature of the adult creature. The new evolu-
tion, as Weismann in especial has established it,
seems to me to differ from the old doctrine only
in two important points; and these must be placed
to the credit of the greater scientific knowledge of
our century. The first point concerns the relative
positions of the parts in the patent and latent con-
ditions. The older evolutionists assumed that
these were identical, that the germ was a true
miniature. It is true that Weismann regards his
almost countless germinal particles as being held
together in an architectural structure of almost in-
conceivable complexity. For him the germ is an
exceedingly complicated living being, a microcosm
in the truest sense, in which every independently
variable part that ever appears throughout the
whole life is represented by a living particle, and
in which each of the living particles is endowed
with a definite, inherited position, a constitution, and
the power of rapid multiplication. It is upon the
qualities of these ultimate particles that he makes
depend the qualities of the corresponding parts of




INTRODUCTION 11

the adult, the parts that are cells as well as the parts
built of many cells. As, however, during visible
development. the parts of the embryo undergo
many changes of position and metamorphoses,
Weismann is compelled to make the assumption
that the germ, as a micro-organism, is not simply
a miniature of the adult, but that its minute
particles have an arrangement totally different from
that of the corresponding parts in the adult
organism,

The second point is the origin of each new
generation. To explain the continuity of develop-
ment, the old evolutionists held that the genera-
tions lay enfolded one within another. Weismann
avoids this difficulty by endowing his germs with
divisibility, but he gives us no proof that division
could possibly take place in the case of structures
composed of innumerable particles built up into a
definite and most complicated architectural system.

Although the new evolution differs from the old
in the points mentioned above, the two theories
obviously agree very closely in the nature of their
arguments and conclusions. When, to satisfy our
craving for causality, biologists transform the visible
complexity of the adult organism into a latent com-
plexity of the germ, and try to express this by
imaginary tokens, by minute and complicated
particles cohering into a system, they are making
a phantasmal image which, indeed, apparently may
satisfy the craving for causality (to satisty which
it was invented), but which eludes the control of
concrete thought, by dealing with a complexity
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that is latent, and perhaps only imaginary. Thus,
craftily, they prepare for our craving after causality
a slumbrous pillow, in the manner of the philoso-
phers who would refer the creation of the world to
a supernatural principle.

But their pillow of sleep 1s dangerous for
biological research ; he who builds such castles in
the air easily mistakes his imaginary bricks, invented
to explain the complexity, for real stones. He
entangles himself in the cobwebs of his own
thoughts, which seem to him so logical, that finally
he trusts the labour of his mind more than Nature
herself.

‘Experiment,” says Weismann in Zhe Germ-
plasm, ‘1s not the only way to reach general views,
nor is it always the safest means of diserimination;
although at first it seems conclusive. . . .1 It
seems to me that in this case we can draw more
prudent conclusions from the general facts of in-
heritance than from the results of experiments that
are neither quite clear nor undubious, although in
themselves they are most valuable, and deserve
the most careful consideration. If one remembers
what was said in my section on the architecture of
the germplasm as the basis of the theory of deter-
minants, it will be agreed with me that ontogeny
must find its explanation in evolution, and not in
epigenesis.”

I take up a more epigenetic position, and years
ago I attacked evolutionary doctrines in many of

1 The Germplasm, p. 137, * Ibid., p. 138,
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their modifications.! Thus, in the Studien zur
Blitter Theorie, published by Richard Hertwig and
myself, I combated the supposed law that the
germinal layers histologically were primitive organs.
Next, in a pamphlet entitled The Problem of Fer-
tilisation : a Theory of Heredity, 1 attempted to
disprove the principle of His that there were
organ-building foci in the germ. In my treatise
On  Ovogenesis and Spermatogenesis in  the
Nematodes, 1 declared against the suppositions
involved in Weismann’s doctrine of the germplasm,
and sharply distinguished the theory, simul-
taneously propounded by Strasburger and myself,

1 The ideas expressed in this book may be found, in an elemen-
tary condition, in various publications of my own, and written in
conjunction with my brother, Richard Hertwig : Oscar and Richard
Hertwig, Die Aetinden ; Jena, 1879 (pp. 203-217). Oscar Hertwig,
Das Problem der Befruchtung wnd der Isotropic des Kies, eine
Theorie der Vererbung ; Jena, 1884. Oscar Hervwig, Vergleich der
Ei- und Samenbildung bei Nematoden, Areh. f. Mikrosk., Anatomie,
vol. xxxvi., 1890, pp. 77-128. Oscar Hertwig, Urmnund wnd Spina
bifida, Avch. f. Mikrosk. Anatomie, vol. xxxix., 1892, pp. 476-492,
Oscar Hertwig, dellere und newere Entwicklungstheorien ; Berlin,
1892, Oscar Hertwig, T%he Cell - Sonnenschein ; London, 1895.
Oscar Hertwig, Ueber den Werth der ersten Furchungszellen fiir die
Organbildung des Embryo, Arch. f. Milkrosk. Anatomie, vol. xlii.,
1893. The chief other writers to whom I refer are: Herbert
Spencer, Principles of Biology. Darwin, Pangenesis, a Provisional
Hypothesis (in Variation of Plants and Animals wnder Domestico-
tion). Haeckel, Dic Perigenesis der Plastidule. Weismann, lec. cit.,
p. 8. Naegeli, Mechanisch - physiologische Theorie der Abstamn-
maingsielre ; Miinchen, 1884, Strasburger, Newe Unlersuchwungen
weber den Befruchtungsvorgang bet den Phanerogamen als Grundlage
Sfiir etne Theorie der Zeugung, 1884. H. de Vries, Tntracelluwlare
Pangenesis. W, His, Unsere Korperform wund das physiologische
Problem threr Entstehung, 1874. W. Roux, lec. cit., p. 6.
Driesch, foc. eif., p. 48,
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that the nucleus is the bearer of the hereditary
material, from the evolutionistic interpretation
given it by Weismann.

A paper on ‘The Blastopore and Spina Bifida,’
and an occasional lecture on ‘Old and New Theories
of Development,” gave me the opportunity of deal-
ing with Roux’s mosaic theory, although that not
only shows learning, but apparently is the out-
come of experiment. I advocated in its place the
theory that ° the embryological development of an
organism is no mosaic work. The parts of an
organism develop in relation to each other, the
development of a part depending upon the develop-
ment of the whole.” The labours of Roux, as well
as the valuable researches of Driesch, induced
me to carry out a series of experiments with the
object of getting a surer basis for my epigenetic
conception of development. The results of these
were published recently under the title, On the
Value of the Furst Cleavage-cells in the Formation
of the Organs of Lrmbryos.

In the latter treatise I confined myself advisedly
to the exposition and interpretation of the results
of my investigations, having in view a subsequent
discussion of the more theoretical bearings of my
results. It is this that sees the light in the present
book.

As for many years I have occupied myself with
the problem of development, pursuing observation
and framing theory, there is due to myself and to
others an exposition of the position I have assumed
in many of my treatises, but in a more connected
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and elaborated fashion than has been possible
hitherto. This course is the more imperative, as
in his recent magnwm opus on the germplasm
Weismann has propounded a theory of evolution
wrought with the greatest care and acuteness, and
totally irreconcilable with my conclusions. The
chief differences between my views and those of
Weismann have now become clearer and more
tangible than ever. It is true that in my text-
book, On the Structure and Function of Cells,!
published in the autumn of 1892, I gave a short
account of my theory of heredity in chapter ix.,
‘The Cell as the Material Beginning of the
Organism.” But in that I could not deal with
Weismann’s work, which appeared simultaneously,
and, moreover, in a text-book it was impossible to
do more than sketch my views.

My present task is twofold ; it has both a positive
and a negative side. First, I have to examine the
arguments recently alleged in favour of the theory
of preformation, testing them to reveal their in-
herent weaknesses, and to controvert their fallacies.
As Weismann unquestionably is the chief of those
who have advocated preformation, and has made a
closed system of it again, 1t 1s necessary for me to
take special notice of his conception as it is set
forth in The Germplasm. Although I am no friend
of polemic, the case demands it. For the decision
of a question so momentous as the relative scopes
of evolution and epigenesis In embryology must

! An English translation, The Cell, was published by Swan
Sonnenschein and Co. in 1895,
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have an important bearing on the future of biology,
upon its aim and the method of research.

But criticism of Weismann’s hypothesis is not to
be an end in itself; T am more anxious to show the
lines upon which, as I think, the real meaning of
the process of organic development will come to be
learned. In a second section, therefore, I shall
explain my own views in greater detail, and, as I
hope, place them on a firmer foundation than
formerly was possible.



FPART 1,

WEISMANN'S THEORY OF THE GERMPLASM
AND DOCTRINE OF DETERMINANTS.

As may be seen in his essays, On Life and Death,
On the Duration of Life, etc.,, Weismann believes
himself to have established a fundamental dis-
tinction between wunicellular and multicellular
organisms. Unicellular organisms (he would have
it) do not undergo natural death, but, since they
are able to reproduce themselves continuously
by a process of simple division, are immortal.
Multicellular organisms, on the other hand, must
perish after a definite duration of life, and so are
mortal. He makes an exception of the sexual
cells, which, like unicellular organisms, are able to
multiply indefinitely, and so are immortal. Thus
Weismann came to make a distinction between the
mortal (somatic) cells and the immortal (germ) cells
of multicellular organisms. The latter he regarded
as arising directly from the egg-cell, and never
from somatic cells.

Nussbaum has given utterance to similar views,
holding that the dividing egg at a very early period
cleaves into the cells from which the individual

2



18 THE BIOLOGICAL PROBLEM OF TO-DAY

grows and the cells for the maintenance of the
species. He has enunciated the proposition that,
when the sexual cells have been separated from the
cells of the young embryo, the material of the germ
has been divided into shares for the individual and
shares for the species; that the sexual cells take
no part in the formation of the body, and that
body-cells never give rise to ova or spermatozoa.

Weismann differs from Nussbaum in one im-
portant point. He lays no stress on the direct
origin of the sexual cells, as cells, from the egg at
the beginning of its development. He found, for
instance, that, in the case of hydroids, the sexual
cells did not arise in such a fashion. He considers,
therefore, that the chain of events is as follows:
The whole of the protoplasm of an egg-cell is not
required to build up the new being, and the super-
fluous part remains unaltered to form the sexual
cells of the new generation. Unlike Nussbaum,
then, he asserts a continuity, not for the sexual
cells, but for the germinal protoplasm which he
believes to pass along definite cell-tracks until it
forms the sexual cells. From this germinal proto-
plasm, which makes the germ-cells, he distinguishes
the somatic protoplasm which makes the mortal,
somatic cells.

The germplasm theory entered a new phase in
the year 1885, after the independent appearance in
1884 of essays by Strasburger and by me, in which
we gave reason for thinking that the cell nucleus
was, as I expressed it, the bearer of the characters
which were transmitted by parents to their off-
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spring ; that, in fact, the nucleus was the material
basis of heredity.

Weismann laid hold of this idea, but transmuted
1t to fit in with his original theory of the germ-
plasm. Shortly put, his view is as follows: The
whole of the nuclear material is not hereditary
material, but only a definite part is such, and this
part, throughout the development of the individual,
remains unaltered in composition, and finally
becomes the starting-point for the generations to
come. The remaining and greater part of the
nuclear material does not remain in an unaltered
condition. The layers of cells, first formed in the
embryo, grow unlike each other, and give rise to
different organs and tissues; Weismann draws the
inference that the nuclear substance as well alters
during the process of development, transforming
itself in a regular, orderly fashion, until, finally,
each different kind of cell in the whole body
contains a specific nuclearplasm. This segrega-
tion and transformation begins with the process of
cleavage itself, and thus ‘the two daughter-cells
that arise from the first cleavage of the egg-cell
become different, so that the one contains all the
hereditary characters for the ectoderm, the other
for the endoderm. In further course the ectodermal
nuclear-plasm divides into that containing the
primary germs of the nervous system, and that
containing the similar constituents for the outer
skin, By further cellular and nuclear divisions the
inherited germs for the nervous system separate
into those for the sense organs, those for the central
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nervous system, and so forth, until there are sepa-
rated the germs for all the separate organs, and for
the production of the minutest histological differ-
entiation.’

Weismann calls the diverging nuclearplasms into
which the primitive germplasm is gradually trans-
formed histogenous, because they determine the
specific characters of the tissues. e assumes that
the primitive, original germplasm has a most com-
plicated molecular structure, while the histogenous
nuclearplasms for tissue-cells, like muscle-cells,
nerve-cells, sense-cells, gland-cells, and so forth,
have relatively simpler structures. As, during the
growth of the embryo, the germplasm becomes
transformed into the histogenous plasms, its mole-
cular structure becomes simpler in proportion to
the fewer different possibilities of development each
separated portion of it comes to contain.

Following out this chain of ideas, Weismann
attributes only to those cells which contain un-
altered germplasm the power of giving rise to
complete new individuals, while cells with histo-
genous nuclearplasm, whether these be embryonal
cells or cells of the ectoderm or of the endoderm,
he regards as having lost this capacity, because
nuclearplasm of a simpler molecular structure
cannot retransform itself into that with the more
complicated structure. The further conclusion is
necessary that a part of the nuclearplasm of the
original nucleus of the fertilised egg-cell must
remain unaltered throughout the various nuclear
divisions, although it may be mingled with the
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nuclearplasms of certain series of cells. For these
reasons, ova and spermatozoa can arise only when
the germplasm which has been handed on from
the original nucleus to certain cells 1s able to over-
come the histogenous plasm of these cells. In this
respect Weismann has amended his original propo-
sition that the germ-cells were immortal, like
unicellular organisms. In a strict and literal inter-
pretation such a proposition would be incorrect, for
the germ-cells are immortal only so far as they
contain the germplasm, the immortal part of the
organism.

In its further elaboration Weismann’s conception
was influenced considerably by publications of
Naegeli, De Vries, and Wiesner. These dealt with
the composition of the hereditary material, and
they contained new hypotheses concerning the
primary structure of the cell-body. Weismann
avowedly accepted the suggestion of De Vries, who
had rehabilitated and modernized Darwin’s doctrine
of pangenesis, according to which gemmules, small
particles endowed with the power of division, were
the material bearers of hereditary characters.

From these different sources Weismann has now
worked out, in minutest detail, a theory to which
he considers his former writings but as the preface ;
none the less, he has taken from his own writings
the most essential and characteristic sequences of
idea, in a fashion but slightly moditied. Let me
give the most important parts of his conception.

The substance which is the bearer of the here-
ditary character of a species (the idioplasm of
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Naegeli) lies not in the general protoplasm of the
ovum and spermatozoon, but in their nuclear
matter (hypothesis of Hertwig and Strasburger).
Weismann calls this the germplasm, so altering
the previous connotation of the word. The germ-
plasm of every species has an extremely compli-
cated, stable architecture, an architecture that has
been elaborated gradually in the course of past
time. Inthis he distinguishes simple and complex
component parts, the biophores, determinants, ids,
and 1dants.

The biophores are his smallest material units,
and to them are due the fundamental qualities of
life—assimilation, metabolism, and reproduction by
division. Thus,they correspond to Herbert Spencer’s
physiological units, Darwin’s gemmules, De Vries'
pangenes, and Hertwig’s idioblasts. They are the
bearers of the various characters of cells, and there
are present in the germplasm a very large multitude
of different kinds of them, corresponding to the
number of cells with different characters.

The determinants are units of the rank next
higher ; they have qualities of their own, but are
composed of groups of several kinds of biophores.
They, too, have the power of division which 1s
associated with, and comes about by, multiplication
of the coherent company of biophores which lies
within them.

The histological character of every cell in a
multicellular organism is determined by a single
determinant (cell-determinants). Weismann has
framed his conception of determinants so as to
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avoid the supposition that every single cell is
represented in the germplasm by its own biophores.
There are small parts in the body in which the
cells are all alike, and for these parts a single
determinant suffices, afterwards multiplying by
division. On the other hand, each cell or cell-
group in the body, that is independently variable,
must have 1ts special determinant in the germ-
plasm. And so the germplasm of a species must
possess as many determinants, or guiding par-
ticles, as there are in the organism cells or cell-
groups that are independently variable in the
germ or in later stages (hereditary pieces or deter-
minates).

As every cell or group of cells which corresponds
to determinants has a definite position in the body,
Weismann infers that the determinants are defi-
nitely placed in the germplasm, and form an ordered,
complicated community. He has given the name
1l to these communities, which are higher units
with definite constitution and with complicated
architecture. These ids are bodies containing all
the determinants necessary to build up the indi-
vidual of a species, and correspond to what Weis-
mann previously called ancestral plasms. Every
+d must be able to grow and multiply, for it 1s by
their multiplication that the germplasm for new
individuals is formed.

A single id would suffice for the conduct of a
single life - history ; Weismann, however, in the
pursuit of a chain of thought connected with the
relation of sexual reproduction to heredity, and

S e
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which I shall not discuss here, regards the germ-
plasm as being still more complicated, and consist-
ing of many, sometimes more than a hundred,
ancestral plasms or ids, which have been derived
from near or distant ancestors, the peculiarities of
whose structures they retain, and may at some time
actually produce (explanation of atavism).

But how does this fabrie, endowed with an archi-
tecture so complicated, actually produce the de-
velopment of the adult from the egg? The natural
mechanism for this purpose is cell division and
nuclear division.

According to Weismann’s supposition—a sup-
position which forms, as we shall see, a chief
corner-stone of his system—there are two kinds of
nuclear division, the difference between which has
not been observed, but is a corollary from the
difference between their results. The one kind is
denoted as integral, or doubling division ; the other
as differential, or differentiating division. The first
method has only an incidental importance in Weis-
mann's hypothesis : it consists of the doubling by
growth of the rudiments, and of a perfectly fair
division of them between the half-chromosomes;
it occurs in tissues-cells, where parent-cells divide
into daughter-cells exactly similar to each other
and to their parents.

On the other hand, in differentiating division the
rudiments become irregularly grouped during their
growth ; consequently, on division of the ids, which
are composed of determinants, totally different com-
binations of the determinants are included in the
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daughter-ids. This method of division of the
germplasm plays the chief part in the trans-
formation of the egg into the adult. It has to
take place so that the numberless determinants,
or guiding particles, of the germplasm may be dis-
entangled and brought forward at the time and
place necessary for them to guide the formations ot
the determinates, or independently variable parts
of the adult body.

To take an example: Weismann’s hypothesis
requires that when the egg first divides nto two,
the germplasm should divide into two halves, each
containing only one half of the total assemblage of
determinants. In each subsequent cell-division
this process of segregation is continued, so that the
ids, as the phases of embryonic growth occur, con-
tain more and more few different kinds of deter-
minants. Supposing the germplasm to be composed
of a million determinants at one stage, in the next
it would contain only half a million, and in the
next, again, only a quarter-million. In this manner
the architecture of the ids becomes simpler and
simpler, reaching the simplest conceivable con-
dition in the active cells of the adult body. In
these the germplasm consists only of the kind of
determinants peculiar to the cells in which they
lie ; and these determinants are broken up into
biophores, or bearers of cell qualities.

‘The disintegration of the germplasm, says
Weismann,' ‘is a wonderfully complicated process;
it is a true *“ development,” in which the idic stages

¥ The Germplasin, pp. 68, 69.
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necessarily follow one another in a regular order,
and thus the thousands and hundreds of thousands
of hereditary parts are gradually formed, each in
its right place, and each provided with the proper
determinants. The construction of the whole body,
as well as its differentiation into parts, its segmenta-
tion, and the formation of its organs, and even the
size of these organs—determined by the number of
cells composing them —depend upon this com-
plicated disintegration of the determinants in the
1d of germplasm. The transmission of characters
of the most general kind—that is to say, those
which determine the structure of an animal as well
as those characterising the class, order, family, and
genus to which it belongs—are due exclusively to
this process.’ ‘

This mechanism of differentiating division fails
to explain the phenomena of reproduction and of
regeneration. Ior these Weismann has the follow-
ing ancillary suppositions :

The first is the already-described hypothesis of
continuity of the germplasm. As the disintegration
of the germplasm into determinants, occurring in the
development of an egg into an organism, is a process
which cannot be retraced, and, as the future repro-
ductive cells of the organism must contain undisinte-
grated, perfect germplasm, it follows that the germ-
plasm in the germ-cells of the child must have come
directly from the original germplasm of the parent.
During the development, as Weismann assumes, only
a few of the ids, each of which contains all the
necessary germs, break up by differentiating division
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into the determinants which control the course of
the ontogeny, and decide the final characters of
the cells. Another set of ids remains undisin-
tegrated, with their determinants fast bound
together, and, in the cell divisions, is not broken
up into dissimilar groups. The first set of ids is
the active, disintegrating germplasm ; the second set
is a passive, latent germplasm, which may be de-
scribed as accessory germplasm (Nebenkeimplasma).
The active ids are his explanation of the embryonic
events, which they direct; the accessory germ-
plasm is reserved to form the germ-cells, and, in
fast-bound condition, is handed on through a short
or long series of cell-divisions alongside the active
germplasm. Handed on in this passive state, 1t
finally reaches a group of cells which may be many
or few generations distant from the original egg-
cell, and impresses upon them the character of
sexual cells. This transfer of germplasm from the
egg to the sexual cell occurs in orderly fashion,
along prescribed series of cells which Weismann
has called the germ-tracks. Only these cells, which
contain part of the perfect, undisintegrated germ-
plasm, serve for the preservation of the species and
are immortal ; the other cells, since, from the dis-
integration due to differentiating division, they
contain only fragments of the perfect plasm (groups
of determinants or single determinants), are mortal,
somatic cells.

The formation of buds is explained in much the
same way as the origin of germ-cells. There is
handed along from the egg, through prescribed
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series of cells, a quantity of accessory, or bud,
idioplasm.

The phenomena of alternation of generations
require the supposition that in those animals and
plants in which it occurs ‘two kinds of germplasm
exist, both of which always are present in the egg
or in the bud, but of which one only is active at
any time and rules the ontogeny, while the other
remains inactive.” The alternating activity of these
two produces the alternation of generations. So
also dimorphism, which is exhibited most frequently
as differences between the sexes, is explained by
the assumption that ‘double determinants’ are
present in the germplasm for all the cells, cell-
groups, or entire organisms which have different
characters in the male and female. One set of
these double determinants remains latent, the other
becomes active.

Finally, to explain the phenomena of regenera-
tion, it is assumed that in the complicated cases
where large parts of the body, like the head, the
tail, or a bone, can be replaced after accidental
loss, the cells with this power of regeneration con-
tain, in addition to the determinants proper to
them, supplementary determinants, which contain
the germs needed for regeneration of the lost parts.
These were handed on, during the ontogeny,
through definite series of cells, in a passive con-
dition, to become active when the conditions for
their growth are supplied by the loss of the parts
they can replace.
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C'riTicisM OoF THE GERMPLASM THEORY.!

At first sight, much of Weismann’s fabric. of
hypotheses gives the impression of being a closed
system, thought out as a whole, and it has been
treated as such in most of the notices and criticisms
which I have seen. As a matter of fact, Weismann
has spared no pains in the elaboration of his
system, and has attempted to bring under his
theory the many different phenomena of heredity
and development, as well as alternation of genera-
tions, regeneration, atavism, and so forth. But, on
the other hand, he has been careless in testing the
stability and security of the foundations upon
which he has built. It is on solid foundations that
lie deep in the earth, and that avoid all reproach
of being scamped or superficial work, that the
durability of a structure depends. In this criticism
the details of the superstructure will be disregarded,
but the foundation will be tested thoroughly.

Cells and cell-properties are essential parts of
Weismann’s theory ; while Naegeli has attempted
to make his theory of the idioplasm independent of
the whole conception of cells. In this matter I
agree with Weismann, as, indeed, with De Vries
and others, and I consider that the course taken by
Naegeli has made his position untenable.

Naegeli would make his theory of the idioplasm

! The following treatises contain criticisms of Weismann's
theories : W. Haacke, Gestaltung und Vererbung ; Leipzig, 1893 ;
Herbert Spencer, articles in Confemporary Review (1893-94);
Romanes, 4n Examination of Weismannism ; Longmans, 1893,
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quite independent of the theory of cells, because,
while cells are important units in morphological
structure, independently of this they cannot be
regarded as important units. ‘By a unit,” he
insists, ‘ we must understand, in a physical sense,
a system of material particles. In the organic
world there are very many kinds of higher and
lower units; vegetable and animal individuals,
organs, tissues, groups of cells (in the vegetable
kingdom, for instance, vessels and sieve-tubes),
cells, parts of cells (plant cell-membranes, plasma,
granules, and crystalloids, starch -grains, fat-
globules, and so forth), micellee, molecules, atoms.
In morphology and physiology, sometimes one kind
of unit, sometimes another, comes characteristically
and notably into evidence. That being so, there is
no reason why a special kind of unit should be
exalted 1n a general theory.’

Athough, with Naegeli, we must recognise and
keep in view the presence of a large number of
higher and lower units in the organic world, a fact
upon which I shall lay considerable emphasis later,
we must none the less recognise that, among all
elementary units, cells are most the conspicuous,
morphologically and physiologically, in the whole
organic realm. In actual research this is avowed
very practically, as a glance at the biological litera-
ture of the last thirty years will show. Especially
in the study of heredity, the cell is a unit that
cannot be neglected, for it has been established that
spores, ova, and spermatozoa, the units by which
species are preserved in reproduction, both in the
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animal and in the vegetable kingdom, have the
morphological value of cells.

In this point I am in opposition to Naegeli,
although otherwise I agree with much in his con-
ceptions,

A theory of heredity must be reconciled with the
cell theory. In investigating Darwin’s pangenesis,
Galton’s doctrine of the stirp, Naegeli’s idioplasm,
Weismann’s germplasm, the intracellular pange-
nesis of De Vries, His’ doctrinal of germinal foci
for the formation of organs, or Roux’s mosaic
theory, I believe that one must face the question:
How far do these doctrines agree with what we
know about the structure and function of the cell ?
Moreover, in deciding between the alternatives—
preformation and epigenesis—I believe that it will
profit us to start our critical investigation with the
cell itself. With this object, I shall now sum up in
a few sentences as much of our present knowledge
of the life of cells as, I believe, must be reckoned
with in any theory of propagation.

The cell, which consists of protoplasm and a
nucleus, is an elementary organism, that, by itself,
or in combination with other cells, forms the basis
of all animal and vegetable organisation. In minute
structure it is so extraordinarily complicated that
its essential constitution (its micellar or molecular
structure) eludes our observation. It is a medley,
composed of numerous, chemically distinet par-
ticles that may be divided into two groups,
organised and unorganised. The latter are free,
or in solution ; they are such as albuminates, fats,
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carbo - hydrates, water, salts, and they serve as
material for the nutrition and growth of the cell.
The former make up the living cell body (in the
narrow sense). Lhey are able to multiply by growth
and division, and they are therefore the elementary
parts, units of life of lower rank, of which the cell,
a unit of higher rank, is composed. They are the
gemmules of Darwin, the physiological units of
Spencer, the bioblasts of Altmann, the pangenes of
De Vries, the plasomes of Wiesner, the idioblasts of
Hertwig, and the biophores of Weismann.

The cells of every organic species possess a proper,
specific organisation, more or less complicated, and,
in correspondence with this, they are composed of
more or less numerous and varied organised
particles.

The nucleus is a special organ of cells, whichis
always present. It displays a collection of numerous,
peculiar, elementary living units, the idioblasts.
These show chemical, morphological, and functional
differences from the plasomes, the living units of
the protoplasm ; but perhaps the idioblasts, by ab-
sorption of different material, may transform them-
selves into the plasomes, just as these last, by a
similar process, may produce the plasma-products.
In my view, the nucleus is the bearer of the idio-
plasm or hereditary material, that is to say, of a
substance that is more stable than protoplasm,
and, because it is less subject to influences of the
outer world, 1t stamps its specific character upon
the organism.!

! Notwithstanding the objections raised by Bergh, Verworn,
and Haacke, I abide by the supposition that the nucleus of repro-
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A mass of protoplasm with several nuclei (like
the myxomyecetes, ceeloblasts, etc.) has the morpho-
logical value of a number of cells (synergides),
corresponding to the number of the nuclei.

The means by which the continuity of life is
maintained is the capacity of the cell to manifold
itself by division, so forming two or more separate
pieces. The process, which in most cases is asso-
ciated with complicated changes of the nuclear
contents, appears essentially to consist of the
following : The elementary units of the cell (centro-
somes, chromatin bodies in the case of nuclear
division), being endowed with special energy re-
sulting from the processes of growth, divide, and
the elementary products of division separate into
two groups, which move from the middle line;

ductive cells contains the hereditary mass or germinal material.
My reasons may be found in my text-book on The Cell (English
edit., p. 274). Briefly they are: 1. The equivalence of the male
and female hereditary masses. 2. The equal distribution of the
growing nuclear mass of the primary egg-cell among the daughter-
cells that, arising from it, build up the organism. 3. The preserva-
tion of a constancy of bulk of the hereditary mass when fertilization
occurs. 4. The isotropism of protoplasm. Following Pfliiger, I
mean by isotropism that the protoplasm of the egg does not contain
local areas for the formation of different organs ; but that, according
to the conditions, any part of the protoplasm may be employed in
the formation of any organ. Isotropism is merely the negation of
His" doctrine of the presence of local areas for definite organs, and
without losing its meaning, is compatible with the fact that many
eggs have their poles different, and that others have a bilateral
symmetry which determines the plane of the first division. 5. The
fact that the first stages of many embryonic developments consist
in the multiplication of the nuclear material and its distribution
in the yolk, following which the yolk-mass cleaves into cells.

3
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upon this there follows a division of the general
body of the cell, i.c., of the protoplasm and its
contents.

From the point of view of cells, I believe myself
compelled to raise several objections to most im-
portant bases of Weismann’s germplasm theory.
For convenience of exposition these may be divided
into two groups: Objections to the hypothesis of
differentiating division; objections to Weismann’s
doctrine of determinants.

I. OBJEcTIONS TO THE HYPOTHESIS OF DIFFER-
ENTIATING DIVISION.

A corner-stone of Weismann’s theory is his
assumption of nuclear divisions which are differ-
entiating. Proof of this fundamental assumption
may be sought in vain in Weismann’s writings.
Instead of that, a series of abstract arguments are
brought forward in favour of it. Thus on p. 31
(of the English translation) Weismann treats the
chromatin in the nucleus of the fertilised egg as
the substance which accomplishes inheritance,
and he denotes all the nucler of the organism
arising from the nucleus of the egg by divisions as
the chromatin -tree, and then goes on to ask
whether or no the pieces of hereditary material
that make up the chromatin-tree of an organism
are like each other or different. It can easily be
shown,” the answer runs, ¢ that the latter must be
the case.” For ‘the chromatin is in a condition to
impress the specific character on the cell in the
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nucleus of which it is contained. As the thousands
of cells which constitute an organism possess very
different properties, the chromatin which controls
them cannot be uniform ; it must be different in
each kind of cell’

Moreover, on p. 45 (of the English edition), ¢ The
fact itself’ (the capacity on the part of the idio-
plasm for regular and spontaneous change) ‘is
beyond doubt. When once it is established that
the morphoplasm of each cell is controlled, and its
character decided, by the idioplasm of the nucleus,
the regular changes occurring in the egg-cell, and
the products of its division in each embryogeny,
must then be referred to the corresponding changes
of the 1dioplasm.’

Finally, on p. 205 (of the English edition), * The
cells of the segmenting ovum are completely dis-
similar as regards their hereditary value, although
they are all young and embryonie, and are not in-
frequently quite similar in appearance. It there-
fore seems to me to follow from this, as a logical
necessity, that the hereditary substance of the egg-
cell, which contains all the hereditary tendencies of
the species, does not transmit them 4n foto to the
segmentation cells, but separates them into various
combinations, and transmits them in groups to the
cells. I have taken account of these facts in con-
sidering the regular distribution of the determinants
of the germplasm, and the conversion of the latter
into the idioplasm of the cells in the different
stages of ontogeny.’

In the different propositions I have quoted, we
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have to deal with what is merely a fallacy in
rhetorical disguise. For, from the premiss that
the chromatin has the power of impressing specific
character upon the protoplasm of the cell, it by no
means follows that two cells, distinguishable by the
nature of their plasma-products, must therefore
contain different kinds of protoplasm. There are
other possibilities to be reckoned with. Weismann
himself knows that there is no logical necessity for
the conclusion, for he himself suggests another
possibility in the following: ‘If we wished to
assume that the whole of the determinants of the
germplasm are supplied to all the cells of the
entogeny, we should have to suppose that difter-
entiation of the body is due to all the determinants
except one particular one remaining dormant in a
regular order, and that, apart from special adapta-
tions, only one determinant reaches the cell, viz.,
that which has to control it. If, however, we do
make the assumption,’ ete. (p. 63, English edition).

Here, then, Weismann himself points out that
what in other places he has attempted to represent
as a necessary conclusion is but one of two alter-
natives.

Not only does he grant the possibility of the
alternative, but uses it himself in explanation of the
phenomena of reproduction and development. He
attributes to certain series of cells, in addition to
the active rudiments controlling the normal cha-
racters of their protoplasm, the possession of
numerous latent rudiments which become active
when opportunity presents itself.
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This non sequitwr in his argument Weismann
excuses with the remark that the presence of latent
rudiments in special cases ‘depends, as 1 believe,
upon special adaptations, and is not primitive, at
any rate not in higher animals and plants. Why
should Nature, who always manages with economy,
indulge in the luxury of always providing all the
cells of the body with the whole of the determinants
of the germplasm, if a single kind of them is
sufficient ? Such an arrangement will presumably
have occurred only in cases where it serves definite
purposes’ (p. 63, English edition). Here, again, is a
rhetorical flourish instead of a proof.

But the dilemma which we are examining 1s not
yet at an end. Supposing for the moment that we
accept, the assumption that different character in
cells implies different character in their nuclear
matter, we have at once a new and 1mportant
decision to make. Does the nuclear matter in the
different cells, that has arisen by division from the
nuclear matter of the egg-cell, become unlike by
the process of division itself ? or is it only after the
division that it becomes different, and in con-
sequence of the action of outer forces upon the
nuclei ?

Weismann decides boldly—but again without
bringing forward proof—in favour of the former
mterpretation. ‘For the chromatin,’ he remarks,!
‘cannot become difterent in the cells of the fully
formed organism ; the differences in the chromatin
controlling the cells must begin with the develop-

1 English edition, p. 82.
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ment of the egg-cell and must increase as develop-
ment proceeds ; for otherwise the different products
of the division of the egg-cell could not give rise to
entirely different hereditary tendencies. This is,
however, the case.” Weismann represents to him-
self that! ¢ the changes of the idioplasm depend on
purely internal causes, which lie in the physical
nature of the idioplasm. In obedience to these, a
division of the nucleus accompanies each qualitative
change in the idioplasm, in which process the
different qualities are distributed between the two
resulting halves of the chromatin rods.’

I shall proceed to show that this conception in-
volves material difficulties and contradictions. It
will be found that characters totally contradictory
are ascribed to Weismann’s idioplasm. On the one
hand, 1t is credited with being a stable substance,
possessing a coherent, complicated architecture ; in
the form of ancestral plasms it is supposed to be
handed on, from one individual to another, un-
changed through many generations; on the other
hand there 1s ascribed to it a labile architecture,
that allows a free and perpetual casting loose of
rudiments, of such a kind that at each division
there is caused a complete rearrangement and un-
equal division of these rudiments. In the one case,
the inner forces produce a reciprocal, coherent bond
between the numerous rudiments; in the other
case, permit change of their position and relations
to one another, and this not only once but in
orderly, definite fashion, different in each of many

1 English edition, p. 34.
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successive divisions, so that the id comes to
possess a completely altered architecture. ¢Each
id in every stage’ (p. 77 of the English edition),
‘ has its definitely inherited architecture ; its struc-
ture is a complex, but a perfectly definite one,
which, originating in the id of germplasm, is trans-
ferred by regular changes to the subsequent idic
stages. The structure exhibited in all these stages
exists potentially in the architecture of the id of
germplasm : to this architecture is due, not only
the regular distribution of the determinants—that
is to say the entire construction of the body from
its primary form.’

Unfortunately, Weismann’s hypothesis tells us
nothing at all about these internal causes, that
depend upon the physical nature of the idioplasm ;
that is to say, nothing at all about the causes
which, working in a fashion so contradictory and
astonishing, really produce the whole develop-
ment.

In such a state of affairs it is better to turn to
Nature herself, and to see whether or no the
occurrence of differentiating division of the nucleus
in the organic world is at all supported by the
actual observations and investigations of those who
study cells.

We shall examine (1) Unicellular organisms;
(2) Lower multicellular organisms; (3) The phe-
nomena of generation and regeneration ; (4) altera-
tion of structural growth due to external inter-
terences (heteromorphosis); (5) A number of
physiological indications that cells and tissues, in
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addition to their patent characters, contain latent
characters which have reached them by doubling
division, and which are representative of the
species.

FIRST GROUP OF FACTS.—UNICELLULAR ORGANISMS.

Doubling division alone exists, or could exist,
among unicellular organisms. The maintenance of
the species depends upon this. Our belief that a
species produces only its own species, that like
begets only like, a belief that finds continual con-
firmation all through the study of systematic and
embryological natural history, would disappear, were
it possible that in the division of unicellular organ-
isms the hereditary mass should be split into two
unequal components and be bestowed unequally
upon the daughter-cells. All research shows that
unicellular fungi, algw, infusoria, and so forth, in
dividing, transmit specific characters so strongly and
in detail so minute that their descendants, a million
generations off, resemble them in every respect.
No one has doubted the fact, and Weismann him-
self recognises that division, among unicellular
organisms, is always doubling. The process of
division, as such, appears never to be the means by
which new species are called into existence among
unicellular organisms. This is a fundamental pro-
position of cell-life, not to be doubted, and to be
taken into account in the presentation of theories
of heredity.

From the proposition that like begets only like
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the corollary by no means follows that mother- and
daughter-cells must appear identical from the
beginning. For the identity under consideration
belongs only to the substance that is the bearer of
specific characters, to the hereditary mass ; besides
that, a unicellular organism contains other sub-
stances, substances that change from time to time
during its life. Many unicellular organisms pass
through a regular series of developmental stages ;
the stages themselves being inherited, and follow-
ing each other as infallibly as in the case of
embryonic stages of higher animals.

The following will serve as examples of this.
Podophrya gemmipara, an Acinetan, in the adult
condition is attached by a long stalk, while the
free end, at which is the mouth, is provided with
suctorial tentacles. It reproduces by giving rise to
many little buds, ciliated on the upper surface like
free-swimming, hypotrichous infusoria. These, In
appearance, are quite unlike the parent organism,
and, after a vagrant existence in the water for some
time, they attach themselves to a surface and pro-
duce a stalk, tentacles with suctorial pseudopodia,
and so for the first time attain the maternal form.

Some Gregarines are large, jointed cells, divided
into two pieces, a protomerite and a deutomerite ;
they are elad with a cuticle, under which lies a layer
of muscular fibrils. After conjugation they encyst,
the nucleus divides, and they break up into
numerous peculiarly-shaped boat-like structures,
(pseudonavicelle), which afterwards are set free as
small, sickle-shaped embryos. These exceedingly
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small germ-cells afterwards develop into the very
difterent, adult gregarine-cells.

If the characters of a species be associated with
a hereditary mass, an actual substance that is
handed on from the parent-cell to the offspring, it is
clear that the infusoria-like vagrant young of the
Acinetan, and the sickle-shaped embryos of the
Gregarine possess it, although for some time they
are quite unlike the parent organism. For at last
they become an Acinetan or a Gregarine, exactly like
the parent-cell from which they arose as embryos.

These circumstances, among unicellular organ-
1sms, are a weighty indication of the error of con-
cluding, with Weismann, in the case of multicellular
forms, that because cells are unlike in outward
appearance, the hereditary mass, or, as I call it,
the nuclear matter, within them is also unlike.
such an assumption would involve us in the
greatest contradictions. For the supposition that
the nucleus 1s the hereditary mass transmitting
the characters of the species necessitates the con-
clusion, in the case of unicellular forms, that the
hereditary mass remains in possession of all the
rudiments of the cell while it passes through the
various phases of its cycle of development. Other-
wise, these phases would have to be acquired anew
in each case. We must, therefore, represent the
possibilities of exchange between the nucleus, 1n 1ts
capacity of bearer of the hereditary mass, and the
protoplasm as being such that all the rudiments
are not simultaneously in activity, but that some of
them can remain latent for a time.
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SECOND GROUP OF FACTS.—THE LOWER MULTI-
CELLULAR ORGANISMS.

Although in the development of unicellular
organisms the way by which like begets like 1s plain
and intelligible enough, at least in the cases dealt
with, 1t i1s different with multicellular organisms,
which have reached a higher grade of development.
Among them we have to do with a continuous
process of development, in which the highly-
differentiated, multicellular organism arises from
an egg, and in turn gives rise to an egg, and so on in
unending sequence. DBut the succeeding stages of
the sequence are so exceedingly dissimilar in appear-
ance that the question how one step of the series
turns into the next, and, above all, the question how
the similarity of organisms, separated by the egg-
stage, can be transmitted through the egg-stage,
form the deepest riddle oftered to biological investi-
gation. Here, in a completeness so wonderful that
our intelligence can hardly apprehend it, are pre-
sented to us the qualities of the organic material of
which cells are made. Here lies that dark secret
into which the various theories of generation try
to direct a beam of light, and seek to find out the
direction in which explanation may be found.

An intermediate stage which may serve towards
the explanation of these circumstances is presented
by the lower multicellular organisms, such as
threadlike algze, fungi, and other simple creatures.
In them cells arise by division from the egg or
from the spore, and become united into an in-
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dividual of a higher rank; these cells resemble one
another so completely in appearance and in qualities
that there can be as little doubt as in the case of
unicellular organisms that they arose by doubling
division.

It 1s certain, then, that there exist multicellular
bodies, often consisting of many thousand cells, in
which each part retains the qualities of the egg
from which it arose by doubling division, and
which, as that method implies, possess the rudi-
ments of the whole of which each 1s a part.

In this category there naturally fall the multi-
nucleated masses of protoplasm, sometimes highly
organised, in which every nucleus, surrounded by
a shell of protoplasm, is capable of reproducing the
whole. I am thinking of the slime-fungi (Myzo-
mycetes), with their peculiar formation of repro-
ductive bodies; of the acellular plants,” which in
some cases closely resemble multicellular species in
their formation of leaf and root, and in their mode
of growth, as, for instance, Caulerpa, the multi-
nucleated Foraminifera and Radiolarians. For,ac-
cording to our definition of the cell,a multinucleated
organism potentially is a multicellular organism.

In this matter Weismann has assumed a position
which leads to peculiar consequences. In his
opinion, somatic cells and germ-cells were sharply
distinet at their first appearance in evolution, and
have remained so ever since. Transitional forms
between them are nowhere to be found. It would
be inconsistent with his theory of the germplasm
had somatic cells contained germplasm as their
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idioplasm, even when the soma first came into
existence. The phyletic origin of the somatic cells
depended directly upon an unequal separation of
the determinants contained in the germplasm. It
would totally contradict his presentation if the
somatic cells, even at their first origin in phylogeny,
contained, in addition to their patent special
qualities, the qualities common to the whole species
in a latent condition.

Weismann’s conception, therefore, implies that
many of the lower multicellular organisms, having
no somatic-cells, have no body. Take the closely-
allied creatures Pandorina morum and Volvow
globator, which Weismann himself brings forward
as instances for his view; the latter has a body,
the former has no body, as all its cells are able to
serve for reproduction !

It is enough to have pointed out how contra-
dictory are the interpretations in this matter.
Enlarging upon them may be postponed at present,
for we are concerned here not with the interpreta-
tion of individual cases, but with the principles
involved in the question, and, therefore, we must
pass on to show further reason for considering the
existence of differentiating division highly im-
probable in the whole organic world.

THIRD GROUP OF FACTS.— THE PHENOMENA OF
REPRODUCTION AND REGENERATION IN PLANTS
AND ANIMALS.

The numerous phenomena of reproduction and
regeneration appear to support the principle of
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doubling division—that is, of division in which the
germinal substance is handed on to every part of
the organism. Our review may be short, as the
phenomena are matters of common knowledge.

In nearly all plants there exist, widely spread
through the body, cells and cell-groups, which may
be induced, by inner or outer influences, to give
rise to a bud; the bud grows out into a shoot,
ultimately producing flowers and genital products.
Such happens both in parts of the plant above the
ground and below it; in the latter case shoots
arise from roots, and reproduce the species in the
ordinary sexual fashion by bearing sexual products.

Thus, in the case of Funaria hygrometrica, a
little moss, one may chop up the plant into tiny
fragments, scatter these on damp earth, and see
numerous moss-plants reproduced from the little
ogroups of cells. By cutting little pieces from a
willow, an experimenter may cause the production
from slips of thousands of willow-trees, each with
all the characters of the species, so that there must
have been contained in each of the little pieces of
tissue hereditary masses with the characters of the
whole plant. Separate pieces of the leaves of many
plants, as of the begonia, produce buds from which
the whole plant may grow out.

An aptitude for reproduction like that in plants
exists In many ccelenterates, worms, and tunicates.
The polyps of hydroids and of bryozoa, the stolons
of an ascidian (Clavellina lepadiformis), may give
rise to buds in many places, and these grow up
into the perfect hydroid, bryozoon, or ascidian.

e i
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There must, then, be contained in the cells of the
bud the germinal rudiments of the whole animal ;
this conclusion is more necessary as the individuals,
produced from the buds, in due course bear sexual
products.

Although in many higher animals and plants
one sees that cells with the capacity for repro-
duction are limited to special areas, still, the
capacity for regeneration often is very great. In a
wonderful fashion animals will reproduce lost parts,
sometimes of most complicated structure; just as
a crystal, from which a corner has been chipped,
will perfect itself again when brought into a solu-
tion of its own salt. A Hydra, from which the
oral dise and tentacles have been cut off, a Nais
deprived of its head or of its tail, a snail of which
a tentacle with its terminal eye has been amputated,
will reproduce the lost parts, sometimes in a very
short time. The cells lying at the wounded spot
begin to bud, producing a layer or lump, the cells
of which resemble embryonic cells. From this
embryonic mass of cells the lost organs and tissues
arise—in Hydra, the oral disc with its tentacles ;
in Nais, the anterior end with its sense-organs and
special groups of muscles ; in the snail, the tentacle
with its compound eye built up of elements so
different -as retinal-rods, pigment-cells, nerve-cells,
lens, and so forth.,

Even among vertebrates, in which the capacity
for regeneration is the least, as in the restoration of
the wounded parts small defects occur, lizards
can reproduce a lost tail, tritons an amputated
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limb. From a bud of embryonic tissue there are
elaborated in the one case whole vertebrs, with their
muscles and tendons, and part of the spinal cord
with its ganglia and nerves, in the other case, the
numerous, differently-shaped, skeletal pieces of the
hand or foot, with their appropriate muscles and
nerves. The regeneration, moreover, is in strict
conformity with the characters of the species con-
cerned. Thus, from the facts of regeneration also,
we must infer that cells in the vicinity of these
casual wounds possess not only the special qualities
which they possess as definite parts of a definite
whole, but also the characters of the whole, and
thus have the power of becoming buds, from which
a complicated part of the body may be reproduced
with the appropriate characters of the species.

FOURTH GROUP OF FACTS.—THE PHENOMENA OF
HETEROMORPHOSIS.!

Of all the facts brought forward here, the
phenomena of heteromorphosis perhaps bear most
strongly in favour of my conception, and offer

! In this section upon heteromorphosis I rely upon the follow-
ing treatises, which have appeared recently. Loeb, Untersuchungen
zur physiologischen Morphologie der Thiere. Organ-bildung und
Wachsthum. Heft, 1 and 2 (1891-1892). H. de Vries, Jnfra-
cellulare Pangenesis (1889), H. Driesch, Enfwickiungsinechanische
Studien, 1.-vi. 1 Zeitschrift f. wissenschaft, Zool., vol, liii.-lv. The
same, Zur Theorie der thierischen Formbildung. Biol. Central-
blatt, vol. xiii.,, 1893. Chabry, Contribution a 'embryologie
normmale et tératologique des Ascidies simples. Jowr. de U Anat. et
de Physiol. (1887). Wilson, dmphioxus and the Mosaic Theory.

Journal of Morph. (1893). See also Anafomischer Anzeiger
(1892).
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difficulties most irreconcilable with Weismann’s
theory.

Loeb uses the word ¢ heteromorphosis * to denote
the ability possessed by organisms, under the
stimulus of external forces, to produce organs on
parts of the organism where such do not occur
normally, or the power to replace lost parts by
parts unsimilar to them in form and function-
Regeneration 1s the reproduction of parts like those
lost ; heteromorphosis is the reproduction of parts
unlike those lost.

Heteromorphoses are well known in plant physi-
ology. When one cuts a slip from a willow, one
may make the cut at the thI.ﬂﬂ] of the slip and
the cut at the top in any part of the willow-twig,
yet still the lower end of the slip always produces
rootlets, which are organs not normal to that part
of the twig, while shoots will rise from the upper
end. Moreover, either end of the slip may be
made the root portion, and it is clear, therefore,
that in every small area there are cell-groups
present able to bear roots or shoots according to
the determining conditions; and therefore that, in
addition to the characters active at any time, there
are present the germinal rudiments for shoots and
roots, and, indeed, for the whole organism, since
the shoots ultimately may bear genital products.

When the prothallus of a fern has developed
normally, it is a flattened leaf-like structure which
bears rootlets and male and female genital organs
on the lower surface, 7.e., on that turned from
the light. But the experimenter may reverse this

4
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order, by artificially shading the upper surface, and
strongly illuminating the lower surface.

Among the most interesting heteromorphoses are
the galls, produced upon young plants when certain
insects lay eggs on them, or when plant-lice irritate
their tissues. IFrom these abnormal stimuli there
result active masses of cells which grow into organs
of definite form and of complex structure. The
galls, moreover, differ widely, in correspondence
with the specific stimulus which was their initial
cause, and with the specific substance, the stimula-
tion of which resulted in the formation of a gall.
By the action of different insects upon the same
plant different galls are produced, and the galls of
different plants may be distinguished systemati-
cally.

Blumenbach has already brought forward the
existence of galls as an argument against preforma-
tion, holding them to be structures produced epi-
genetically, and, therefore, unrepresented by rudi-
ments in the germ. I, also, consider them witnesses
against Weismann’s germplasm. They teach us
that the cells of the plant-body may serve purposes
quite different from those arranged for in the course
of development; that cells modify their form in
correspondence with novel conditions, and that
they are forced into forming special structures, not
by special determinants in the germ, but by external
stimulants.

Galls exhibit yet another instructive kind of
heteromorphosis.

Even the tissue of a leaf, turned into a gall by
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pathological conditions, retains the power of pro-
ducing roots. Beyerinck has shown that galls of
Saliz purpurew, planted in moist earth, bear
rootlets identical with those of the normal plant.
As the roots of all woody plants are able to bear
adventitious buds, De Vries thinks it probable that
one could rear a whole willow-tree from a gall.
That would imply that all the inheritable characters
of the willow were contained even in the gall.

Loeb has produced heteromorphoses experi-
mentally upon many lower animals, among which
were Tubularia, Cerianthus, and Cione intesti-
nalis.

In Tubularia mesembryanthemwm, a hydroid
polyp, there are stalk, root, and polyp-head. If
one cut off the head, a new head will be formed in
a few days, this being a case of regeneration. On the
other hand, a heteromorphosis may be produced by
modifying the experiment as follows: Both root
and head must be cut from the stem ; if the lopped
piece of the stem be stuck in the sand of the
aquarium by the end that bore the head, then the
original aboral pole in a few days produces a head ;
if the lopped piece of stem be supported hori-
zontally in the water, then each end of it produces
a head.

In a Cerianthus membranaceus (Fig. 1), the
body was opened by a cut some distance below the
mouth, whereupon buds appeared on the lower
edge of the slit, where the experimenter had pre-
vented coalescent growth. These buds gave rise
to inner and outer tentacles, and an oral disc was
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produced. Thus, artificially, an animal with two
mouth-openings or two heads was produced; and,

Fic. 1.—CERIANTHUS MEMBRANACEUS, in which a second oral
aperture, surrounded by tentacles, has appeared as the result of
an artificial slit. (Afler Locb.)

Fig. 2.—CroNE INTESTINALIS, in which eye-specks resembling
those surrounding the mouth have appeared in the neighbour-
hood of an artificial opening ().

similarly, animals with a row of three or more
heads may be produced.
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The third animal in which heteromorphosis was
produced artificially was Cione intestinalis, a
solitary ascidian, an animal more highly organized.
In Cione (Fig. 2) the edges of the mouth-opening
and of the cloaca are provided with numerous,
simple eye-spots. Loeb, in a series of experiments,
made incisions either into the inhalent or the ex-
halent tube ; after a time eye-spots appeared round
the edges of the cut; then the margin of the arti-
ficial oral opening grew out into a tube, even longer
than the normal oral tube. ‘If several incisions
be made simultaneously at different places on the
same animal, then several new tubes arise simul-
taneously.’

In the three cases, the eut surfaces, from which
in Tubularia, a head, in Cerianthus, tentacles, and
in Cione, eyespots, took their origin, were made in
different parts of the bodies and in different direc-
tions. Thus, again, we have an indication that
there are present in most regions of the ‘body cell-
groups, which may give rise to complex organs
in unnatural positions, and yet bearing the specitic
stamp.

These examples might easily be multiplied, and
they serve to show that heteromorphosis in plants
and animals implies the presence of numerous
latent characters in cells and tissues, in addition to
the characters proper to their normal position in
the organism. These latent characters, under the
impulse of stimulation from without, manifest
themselves in abnormal formation of organs in
abnormal situations, Save that they are in ab-
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normal situation, the induced organs conform to
the specific type in all respects, and indicate that
all the cells of an organism contain, as the result
of doubling division, the characters of germinal
rudiments of the whole organism. On the other
hand, heteromorphoses bear heavily against the
doctrine of determinants. For it is impossible that,
in the architecture of the germplasm, there can be
provision, in the form of special determinants, for
events so foreign to the natural course of develop-
ment as these arbitrary, outer stimulants.

Heteromorphosis may be extended to include
more than Loeb intended by reckoning under it
artificially-produced modification of the early stages
in the cleavage of the egg. I have in mind those
experiments by Driesch, Wilson, and myself, .in
which the first cells of the embryonic history were
induced to form parts of the embryo, to which in
the normal course they would not have given rise.
In these cases heteromorphosis begins from the
first cleavage of the egg.

In an ingenious way Driesch compressed fer-
tilised echinoderm eggs between glass plates, and
so secured that the first sixteen cells were separated,
not by alternate vertical and horizontal planes, as
in the normal development, but only by vertical
planes. In the resulting one-layered plate of cells
the nuclel had relative positions quite different
from the normal. As, notwithstanding this, the
distorted eggs developed into normal plutei larve,
Driesch inferred that the cell material composing
the earliest cells of echinoids is equivalent in all
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the cells, and that the cells may be pushed over one
another like a heap of balls without disturbing in
the slightest their capacity to develop. Such a
permutation could be without injury to the develop-
mental product only if one nucleus had the same
qualities as another ; that is to say, only if all the
nuclei had arisen from the nucleus of the fertilized
egg by doubling division.

Driesch is right to regard these experiments as
incompatible with Weismann’s theory. ¢Only
consider,” he remarks, ‘how great a number of
“supplemental hypotheses,” how many “accessory
determinants,” would be required to make speci-
fication of the early stages of a development in
which any nucleus may take the place of any other
nucleus in the whole embryo.’

I myself have carried out similar experiments
upon frogs’ eggs—experiments with a double in-
terest. The frog’s egg has the poles different, and
so has a definite orientation. Weismann and Roux
themselves have used these objects to support their
view that, at the first cleavage, nuclei with different
qualities are formed.

On p. 64 of the English edition Weismann
remarks: ¢ The fact that the richt and left halves
of the body can vary independently in bilaterally
symmetrical animals points to the conclusion that
all the determinants are present in pairs in the
germplasm. As, moreover, in many of these
animals—e.g., in the frog—the division of the
ovum into the two first embryonic cells indicates a
separation of the body into right and left halves,
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it follows that the id of germplasm itself pos-
sesses a bilateral structure, and that it also divides
so as to give rise to the determinants of the right
and left halves of the body. This illustration may
be taken as a further proof of our view of the
constant architecture of the germplasm.’

Roux! has based his mosaic theory upon ex-
periments upon frogs’ eggs. According to the
theory, the first two segmentation spheres contain
not only all the formative material for the right
and left halves of the embryo respectively, but also
the -differentiating and elaborating forces for these,
so that on the destruction of one cell, the other
can give rise only to one lateral half of the embryo
(hemiembryo lateralis). Roux, therefore, considers
that by the first cleavage the nuclear material is

1 Roux tried to give experimental evidence in favour of his
mosaic theory in a treatise On the Artificial Productions of Half-
Embryos by the Destruction of one of the first two Cleavage-Cells,
and on the Reconstruction of the Lost Parts. Virchow's Archiv.,
vol. exiv., 1888. Roux defends his mosaic theory against Driesch
and myself in (1) Ueber das entwicklungsmechanische Vermigen
jeder der beiden ersten Furchungszellen des Eies. Verhandl. der
Anat, Gesellsch, der 6ten FPersammi, in Wien, 1892, (2) Ucher
Mosaikarbeit wnd neuwere Entwicklungshypothesen. Anatomische
Hefte von Merkel und Bonnet (1893). Also in Biol. Centralblalt
(1893) ; in the Anatom. Anzeiger (1893), and in the treatise Die
Methoden zur Erzewgung halber Froschembryonen wad zum Nachweis
der Beziehung der ersten Furchungsebenen des Froscheies zur Medivne-
bene des Embryo.  Anatom. Anzeiger. (1894) ; Nos. 8 and 9.

If, as would appear fromt the last treatise, Roux would avoid
being reckoned with evolutionists, he must abandon his mosaic
theory, and this he has not dome. I think in the present essay,
on theoretical and experimental grounds I have shown the un-
tenability of Roux’s mosaic theory.
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broken up into unlike halves, by which the
development of the corresponding cells is directed

Fra. 8.—DiacrAMs oF THE Eces oF Froes, which show how
alteration of the cleavage process changes the mode in which the
nuclear mhaterial is distributed. The nuclei indicated by the
same numbers have the same descent in all the diagrams. All
the eggs are viewed from the animal pole. A. Normally develop-
ing eggs. B. Eggs developing under compression by horizontal
plates. C. Eggs developing under compression by vertical plates,

diversely, %.e., is determined in a specific fashion.
The error in these representations of Weismann
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and of Roux has been shown by varied ex-
periments of my own. The eggs of frogs on the
point of cleaving were flattened to a disc between
vertically or horizontally placed glass-plates. In
the first case they were flattened in the dorso-
ventral direction, i.e., the axis passing through the
animal and vegetative pole was shortened ; in the
second case an axis at right angles to this was
shortened. In both cases the course of cleavage,
and the resulting distribution of the nuclei in the
yolk, was artificially modified.

The diagrams A, B, C (Fig. 3) will make the
results plain to the reader. A, represents the dis-
tribution of the nueclei after normal cleavage;
B, the same, when the egg was pressed between
horizontally-arranged parallel glass-plates; C, the.
same, where the flattening was produced by
vertically-placed parallel glass-plates.!

The diagrams show the positions of the seg-
mentation spheres and of the contained nuclei as
seen from the animal pole. In stages where two
layers of cells as a result of division lay one above
the other, the cells of the lower layer are distin-
guished in the figure by shading. In the three
diagrams the nuclei are numbered so that the
reader may know how far they are removed from
the nuclei of the first two segmentation spheres.
The numbers are further exhibited in the following
two genealogical trees :

1 The terms vertical and horizontal refer to the vertical axis of
the egg, which passes through the animal and vegetative poles.—
Translator's note,
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In the three diagrams the nuclei with the same
numbers have the same rank in descent, and
therefore, according to the theory of Roux and
Weismann, have the same qualities, while the
nuclei with unlike numbers differ in qualities.

Let us now notice how the nuclei in the three
processes of division, of which two are abnormal,
are placed in the mass of the egg.

After the first division, the nuclel are alike In
all three cases; after the second difference appears.
In A1l and Bl nueclei 3 and 5 lie to the left ; 4 and
6 to the right of the second cleavage-plane, which,
according to Roux’s hypothesis, corresponds to the
median-plane of the future embryo; while in C
they are forced into two layers, one above the
other, nuclei 4 and 6 being dorsal, 3 and 5 ventral.

In the third cycle of division there is no agree-
ment between the three cases.

In the diagrams A2 and B2 the nuclei still lie
similarly to the right and left of the middle line ;
but in A2 they are arranged in two layers, in B2
in a single layer. The nuclei 8, 10, 12, and 14,
which compose the upper layer in A2, form the
middle of the disc in B2; and 7 and 9, 11 and 13,
the ventral nuclei of A2, occupy the ends of the
single-layered disc of B2, being closely pressed
against each other,
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In the diagram C2 there is actually no median-
plane after the third cycle of division. The nuclei
9,10, 14, 13, which in A and B form the right side
of the mass, here form a dorsal layer with nuclei
7,8, 12, 11, forming a ventral layer. In the fourth
cycle of division the nuclear matter is still more
variously distributed through the mass, as may be
seen from comparison of diagrams A3, B3, C3.

Although, under normal conditions, the multi-
plication and division of the nuclear material occurs
in an almost invariable and definite fashion, the
mere altering of the spherical form to a cylinder or
to a dise produces a method of division completely
different, so far as the nuclei are related to each
other in a genealogical tree. In the one and the
other method of division the nuclei are brought
into relation with different regions of the proto-
plasmic mass, and are united with these regions to
form cellular individuals.

I had quite enough reason for what I said in my
essay : ‘ If the doctrine of Roux and Weismann be
true, and the successive divisions by which nuclei
arise really place different qualities in the nuclei—
qualities according to which the masses of proto-
plasm surrounding them become different and
definite parts of the embryo—what a pretty set of
malformations must result from eggs in which the
nuclear matter has been shuffled about so wantonly!
As such malformations do not occur, it is plain
that the doctrine is untenable.’

We reach the same conclusion from consideration
of the interesting experiments made by Driesch
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and Wilson upon the early stages of segmentation
of the egg. In the cases of an echinoid and of
amphioxus (Fig. 4) they succeeded in shaking apart
the first two and the first four cells that arose in
division of the egg; and they traced the subse-
quent development of these separated segmentation
spheres.

From one of the first two segmentation spheres
of an echinoid egg, Driesch was able to rear suc-
cessive embryonic stages (Gastrule and Plutews),
which were normal in shape, but one-half the usual
size. Wilson’s results, obtained by shaking apart

Fig. 4.—NoOEMAL AND FrAcCTIONAL GASTRULE AMPHIOXUS.
(After Wilson.)

A Gastrula from a whole egg; B, ¢ and », gastrule from single
cells artificially separated, (B) from the two-celled stage, (c) from
the four- |3:&111|3Li,r and (D) from the eight-celled %tagm of normal
development.

the segmentation spheres, were even more interest-
ing, a$ they were performed upon amphioxus, a more
highly-organized animal. He reared gastrule and
older embryos with notochord and nerve - tube,
which were perfect and normal, except in size.
They were one-half, one-quarter, or one-eighth of
the usual size, according as they were reared from
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cells 1solated from the two, four, or eight-celled
stage of the segmenting egg.

Results which Chabry and 1 gained by destroy-
ing, by puncture, one of the first two segmentation
spheres, assist the present argument. Although
one-half of the mass had been destroyed, Chabry
obtained, in the case of an ascidian, and 1 obtained,
in the common frog, embryos with notochord and
nerve-plate. These developed directly and normally,
although, in the case of the frog, there was a slight
defect at the ventral posterior part of the body,
where the arrested protoplasmic mass came to lie.

All these experiments show that the first two
(and 1n some cases the first four) results of division
can assume a quite different bearing as regards
their function in the mechanical building of the
embryo, according to whether they remain bound-
with each other into a whole or are separated and
develop by themselves. In the former case, each
forms only one-half (in some cases only a fourth) of
the whole. In the latter case, each by itselt pro-
duces the whole. The half and the whole, then, of
the first cleavage-cells are identical in real nature,
and, according to the circumstances, can develop,
now in this way, now in that.

Even if Weismann were to admit the correctness
of these experiments, perhaps he would not con-
sider that they contradicted his theory of the germ-
plasm and the segregation of the hereditary mass,
but would make a supplemental hypothesis, which,
from the spirit of his theory, could be none other
than this: each of the first cleavage-cells, in
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addition to its specific part of the hereditary mass,
the part that controls its normal course of develop-
ment, possesses an accessory idioplasm, an undivided
fragment of the germplasm, left behind to be ready
for unforeseen emergencies; this part takes com-
mand when, in consequence of violence, a separated
part develops into the whole.

But such an assumption does not go far enough,
if it be confined to the first cleavage-cells. By
compression of the frog’s egg, I have shown that
the pole passing through the blastopore, which
coincides with the chief axis of the future embryo,
may assume different relations to the first segmenta-
tion-plane, sometimes coinciding with that, some-
times making a right or an acute angle with it. It
1s clear that in each of these cases the embryonal-
cells take a different share in the formation of the
regions of the body, and that they must be fore-
endowed with the capacity of playing different
parts.

The developmental history of double monsters
enforces the same doctrine; such are commnron
among the embryos of fish, and rather less common
among chicks. From causes of which we are
ignorant two, instead of one, gastrula stages may
arise at separate reglons of the germinal layer of
the ega. According to the position of these two
invaginations, which may be regarded as ecrystal-
lisation-points for the formation of the future
embryo, the cells of the germinal disc will be drawn
into the process of development, and, falling into
groups, will build up organs. In relation to this
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double gastrulation, there may arise, for instance,
four instead of two primitive ears, eyes, and nasa]
organs; and these arise from cell - groups, the
choice of which 1s determined by their relation to
the position of the gastrula-invagination.

From various other experiments, conducted so
as to distort the normal course of development, 1
have obtained parallel results.

Taking frogs’ eggs immediately after fertilisation,
I compressed them strongly between parallel,
horizontally placed glass plates. 1 then inverted
them, so that the vegetative pole came to lie
uppermost. In spite of their unnatural relation to
gravity, they developed further, and became ab-
normal, quite unsymmetrical embryos.

In another experiment, taking a triton’s eggs
after they had divided into two spheres, I sur-
rounded them with a silk thread in the plane of
the first cleavage, and tightened the thread until
the embryo assumed the form of a sand-glass. The
deformity of the resulting larvae was very different,
and perhaps depended on the tightness of the con-
striction. Some became greatly elongated, and
had developed so that the thread surrounded the
dorsal nerve-cord. In other cases the dorsally-
placed organs arose only from one-half of the sand-
glass-shaped embryo, while the other half gave rise
to the ventral part of the body. In this case the
dorsal organs (nerve-tube and notochord) were
doubled over like a snare, the head and tail ends,
the mouth and the region of the anus, being bent
in at the position of the constricting thread.
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The important point is that in both the experi-
ments, in the case of the frog and of the triton, the
cell-material, separated at the first cleavage, was
turned to a use quite different to its use in the
formation of a normal embryo.

We may conclude with a very convincing proof.
In the above-mentioned abnormal development of
the frog’s egg it happened that one edge of the
blastopore, on account of its weight, was very much
bent outwards. In consequence of this the cleft of
the blastopore lay between the normal blastopore-
lip and the everted border of the other lip. When
the notochord and the nerve-plate appeared, as a
result of this abnormal condition, they grew from a
cell-material that was quite different to that which
gives them origin in normal cases.!

In these cases Weismann cannot apply his
accessory conception, the existence of supple-
mentary idioplasm, only to the nuclei arising from
the first division ; he must extend it to the thou-
sands of embryonic cells that arise by division up to
the time for the appearance of the nerve-tube and
notochord. The behaviour of these cells under
fortuitously changed conditions shows them all to
be endowed with the capacity of development in
different directions.

! Further details concerning these experiments may be found in
HEerTwiG, Ucber den Werth der ersten Furchungszellen fiir die
Organbildung des Embryo. Experimentelle Studien am Frosch-
und Tritonei. drchiv. fiir Mikrosk. Anatomie, vol. xlii., 1893,
p- 710 ; Plate xli. ; Figs. 1, 2, 27.
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FIFTH GROUP OF FACTS.—PHENOMENA OF
VEGETATIVE AFFINITY.!

Many considerations, taken from the region of
general physiology, support the view that all the
cells of an individual, of any species, are alike, and
are to be distinguished from one another only by
the special development of one character.

! For the facts in this section I rely in particular upon the
writings of Vochting, Bert, Ollier, Trembley, Landois, Ponfick, and
others :

H. VocHTING : Ueber Transplantation avf Pflanzenkorper. Un-
tersuchungen zur Physiologie wnd Pathologie ; Tiibingen, 1892,

Vox GARTNER : Fersuche und Beobachtungen weber die Bastarder-
zeugung im Pflanzenreich, 1849, :

LtoroLd OLLIER : Recherches expérimentales sur la production
artificielle des os aw moyen de la (ransplantation dw périoste, ete.
Jowrnal de lo physiologic de I'homme ef des animauzx, tom. ii.,
1859, pp. 1, 169, 468, ;

LeororLp OLLIER : Recherches expérimentales sur les greffes
osseuses. The same, tom. 1., p. 88, 1860.

Pavy BERrT : Becherches expérimentales powr servir a Hnstmre
de la vitalité propre des tissus animaux. Annales des Sciences
naturelles, Ser. V., Zoologie, tom. v., 1886.

Von RECKLINGHAUSEN : Die Wiedererzeugung (Regeneration)
und die Ueberpflanzung (Transplantation). Hoandbuch d. Allgem.
Pathologie des Kreisloufs aus Deutsche Chirwrgie, 1883,

TREMBLEY : Mémoires pour servir & ['histoire dun genre de
Polypes d'ean. douce, 1744,

Laxvois : Die Transfusion des Blutes ; Leipzig, 1875.

Avovy ScuMITT : Ueber Osteoplastik in Elinischer und experi-
menteller Bezichung. Arbeiten aus der chirwrgischenklinik der
Kinigl. Universilit, Berlin.

Ponrick : Haperimentelle Beitrige zur Lehire von der Transfusion.
Virchow's Arehiv., vol. Ixii.

Beresowsky : Ueber die histologischen Vorginge bei der Trans-
plantation von Hautsticken auf Thiere einer anderen Species.
Ziegler's Beitrdge zur pathologischen Anatomie und zuwr allgemeinen
Pathologie ; Jena, 1893,
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Formerly, indeed, many biologists, relying upon
the optical appearances presented in microscopical
investigation, have been inclined to the view that
the visible qualities of a tissue, as revealed by the
microscope, were the only, or the chief, distinetive
characters. For instance, by microscopical investi-
gation one cannot distinguish the tendons, nerves,
bones, and cartilages of a dog from the corre-
sponding tissues in a horse. So far as their special
use Iin the organism goes, one might interchange
the corresponding parts in these two mammals. A
tendon from the dog, if large enough, might be
attached to the muscle of a horse, and would
transmit the pull of the muscle on the bone just as
well, and would completely satisfy the mechanical
duties of the horse’s tendon. The same might
happen in the case of a bone, of a cartilage, or of a
nerve-fibre.

As a matter of fact, the idea that parts of the
tissues of different animals may serve to replace
one another has been employed repeatedly in
science, especially in the science of medicine. But
I believe that our ideas are not yet clear upon the
matter. The erroneous impression to which I have
alluded has arisen because we do not bear in mind
that each tissue, each part of an organ, each cell,
possesses, in addition to its obvious characters, very
many characters that are invisible to us. Such
characters are inherent in the tissue-cells because
these are parts of a definite organism. In conse-
quence of their specific tissue characters, which are
visible to us, we assign cells their place in histo-
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logical classification ; in contrast, we may denote
the other characters as constitutional, or species,
characters.

No doubt tissue cells are in the same case as
genital cells. So far as microscopical characters go,
egg cells and spermatozoa are wonderfully alike in
all the mammalia ; in many cases we could not dis-
tinguish between those of different animals. But,
because they bear the specific characters, we cannot
doubt but that they are as distinct as are the
species, although invisibly to us.

The products of the sexual cells show us clearly
enough that out of each kind of egg only its own
species of organism can be developed. . Certainly it
1s not so plain that, besides their visible micro-
scopical characters, the tissues and organic parts
are In possession of more general characters,
identical in all the differently-specialised tissues of
a single organism ; but we may infer the existence
of such latent characters, at least partly, from the
results obtained, in the case of plants, by grafting,
in the case of animals, by transplantation and
transfusion.

In the case of plants one may graft a twig cut
from one tree upon the stem or lower part of
another tree of the same kind, and so bring about a
firm and lasting union between the two. In a short
time the corresponding tissues of the parts brought
into connection quietly unite. Thus from two
different individuals a single living organism may
be produced artificially.
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One would expect, therefore, that a twig and
stem, chosen from two closely allied species, such
as, for instance, the pear and the apple, would
unite when the suitable tissues were put together.
But this does not happen. Successful grafting
depends far less on the conjunction of obviously
appropriate parts than upon characters unrecognis-
able by us, such as deep-seated kinship between
the parts, and the specific characters of their cells ;
while in the case of individuals of the same species
two pieces will unite even if they are not brought
together in appropriate conjunction, or when they
belong to different parts of the organism, as, for
instance, to the root and the leaf; yet in the
absence of deep-seated kinship union will not take
place.

Generally this kinship, which has been called
vegetative affinity, depends, like sexual affinity,
upon the degree of systematic relationship. It
appears that the same condition of things occurs
as when, in ordinary fertilisation, sexual cells from
different varieties, or species, are united. In both
cases it happens, on the average, that union is the
more to be expected the more closely the plants
concerned are akin, in a natural system of classifica-
tion.

But in grafting, as in cross-fertilisation, unex-
pected exceptions to this rule occur. Relying upon
these, Naegeli thought that the external distinguish-
ing tokens do not always indicate correctly the
intrinsic constitutional differences. Frequently
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union will not take place between plants most
near akin in classification, most alike in external
characters ; while it will occur between plants
most different in outward aspect and belonging to
different genera or even families. In other words,
external characters give no certain index to the
degree of vegetative affinity or of sexual affinity
between two kinds of plants.

As an example of this, Vochting, in his treatise
upon transplantation of plant-tissues, takes the
tribes of pear-trees. Grafting between these and
apple - trees takes place only with difficulty,
although the apple is a close kinsman and belongs
to the same genus. On the other hand, most of
them graft easily upon the quince, although that
belongs to a different genus. In this case, alse,
there is no sexual affinity between the pollen and
the ova. Hybrids are not formed between the pear
and the apple.

It seems probable to me, although as yet I can-
not get complete proof of it, that sexual and vege-
tative affinity, that is to say, the relationship
between the egy-cell and the pollen of two species,
and the relation between twig and stem, depend
upon the same intrinsic qualities of that elementary
organism the cell.

Vochting distinguishes as harmonic or dis-
harmonic the modes of union between twig and
stem, according to whether or no they reach the
formation of functional unity. Among cases of
disharmony there are several interesting grada-
tions. Generally speaking, in the case of plants
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not adapted to each other, no ‘attempt at union
occurs, and the grafted twig speedily perishes;
sometimes even the stem dies, as if it had been
poisoned by the graft. In other cases the dis-
harmony is not shown so strongly. The twig and
the stem begin to unite, but, sooner or later, dis-
turbances occur, and complete destruction results.
According to Vochting, in the case of some Cruci-
fere the disturbances are as follows: the twig
begins to form roots at its lower end, and these
grow into the stem of the host. Through them the
twig uses as food the juices and salts of the stem,
refusing to unite with the stem so as to form a
single individual. As Vochting says, this forma-
tion of roots simply is an attempt on the part of
the twig to complete its own individuality. Instead
of growing into corporate union with the stem, the
twig attempts to become a parasite upon 1t. A
further consequence often is, that the stem, too,
begins to respond to the unadaptive stranger’s in-
fluence. Thus, when Vochting grafted a Rhipsalis
paradoxe on an Opuntia labouretiana, he found
that round the roots of the graft the tissues of the
host threw out a protective sheath of cork, or
turned in places to a gelatinous mass.

In some cases experimenters have overcome dis-
harmony between two species, A and B, by making
use of a third species, C, with a vegetative aflinity
for both A and B. Thus, an intermediary between
the two disharmonic forms is made, and by such an
arrangement a single functional individual is pro-
duced from pieces of three different species. Thus,
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upon A, as stock, a shoot of C is grafted, while
upon this shoot of C, as stock, a shoot of B in
turn is grafted.

In the matter of these different grades of dis-
harmony, a comparison may be made between
sexual and vegetative affinities. In many cases
the spermatozoa of one species will not impregnate
the eggs of another species. In other cases, the
alien spermatozoon may penetrate the egg and
unite with its nucleus, making, however, an un-
satisfactory combination 1n various degrees of
infertility. Sometimes the fertilised egg divides
only a few times and then dies ; sometimes develop-
ment proceeds to the stage of the blastula, the gas-
trula, or even further; but it then comes to an

end, through intrinsic causes beyond our ken, and,

finally, complete destruction follows.

Our acquaintance with what happens in trans-
plantation of animal tissues is smaller than in the
sphere of botany.

Long ago, Trembley attempted to cause, by graft-
ing, the union of two pieces of hydroid polyps into
a single individual. He divided, across their
middles, two specimens of Hydra fusca, and then,
in a watch-glass, applied the upper end of one to
the lower end of the other. In one case he was
rewarded by the occurrence of complete union ; for,
after a few days, on feeding the upper end with a
worm, 1t was passed on into the lower end. Later
on buds arose, both above and below the point of
union. Trembley, however, was unable to graft on
each other parts of different species, parts of the

IR —
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green hydra, Hydra wviridis, upon the common
hydra.

Transplantations of single tissues or organs have
been made more often, and by several investigators.
I shall mention only the older results of Ollier and
M. Bert, and those made in 1893 by A. Schmitt and
Beresowsky.

Ollier exposed the bone of an animal, and, care-
fully removing a part of the periosteum, planted it
in the connective tissue under the skin in another
part of the body. The consequences differed
according as the transplanted tissue was imbedded
in another animal of the same species, or of another
species. In the first case the piece of perlosteum
grew, obtaining a supply of blood from vessels
which grew out into it from the surrounding con-
nective tissue in which it was embedded. In a
short time lamelle of bone were formed by the
layer of osteoblasts, so that a small plate of bone
was formed under the skin. This, however, proved
always but a temporary structure, for, being formed
in an inappropriate spot, and, therefore, being
functionless, it was soon reabsorbed. In the second
case, however, in which the piece of periosteum
was removed from the bone of a dog and planted
in a cat, rabbit, goat, camel, or fowl (or wvice versd),
formation of bone did not occur; either the piece
of periosteum was absorbed, or set up suppuration
around 1it, or became enclosed 1n a cyst.

Paul Bert’s experiments were the following. He
removed pieces two or three centimetres long from
the tails of white rats a few days old, skinned each
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piece, and planted it in the connective tissue under
the skin of the same animal. In a few days circu-
lation of blood was established in the pieces of the
tails, by union with vessels from the connective
tissue in which they were embedded. Muscles and
nerves degenerated, but the other tissues, bones,
cartilages, and connective tissue, grew vigorously,
so that, in animals killed and examined a month
after the operation, the pieces of tail, implanted
when they were two or three centimetres long, had
grown five to nine centimetres long.

The result was totally different when the trans-
plantation was made from one species to another.
When the tip of the tail of a Mus decwmanus or
a Mus rattus was transplanted to a squirrel, guinea-
pig, rabbit, cat, dog (or vice versd), either extensive
suppuration took place, and the piece was extruded,
while sometimes the subject of the experiment
died ; or, after a less turbulent course, the alien
piece was absorbed. The continuance of life and
growth in the piece only took place when the
two animals concerned were allied very closely.
Thus success followed transplantation from Mus
rattus to Mus decumanus (or vice versd), but not
when 1t was from Mus sylvaticus to Mus rattus.

The recent experiments of A. Schmitt and Bere-
sowsky lead to the same conclusion. The former
succeeded in making pieces of living bone ¢ take’
only when the transplantation was from one indi-
vidual to another of the same species, or to another
part of the same individual. Beresowsky trans-
planted pieces of frog’s skin to the dog and the
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guinea-pig, and pieces of dog’s skin to the guinea-
pig, and always found that they died, or were thrust
out as foreign bodies.

Precisely the same results follow transfusion of
blood between animals of different species. There
1s complete agreement among investigators. When
the blood is made to flow directly from the vessels
of one animal to the vessels of an animal of a
different species, as from the dog to rabbit, or from
dog to sheep (or wice versd); or when it has been
first freed from fibrin and then injected, the result
1s always the same. ¢ We have always found, says
Ponfick, summing up the results of the investiga-
tion, ‘not only that blood of another species acts in
strong doses as a poison, and in weaker or smaller
doses 1s harmful, but that (and this seems to me my
most Important result) in every case the blood-
corpuscles are destroyed almost completely, pro-
bably quite completely.” In a very few minutes,
in the case of disharmonic kinds of blood, the red
corpuscles degenerate, and the heemoglobin, be-
coming dissolved in the blood-plasma, soon appears
in the urine. In the case of transfusion of similar
blood between individuals of the same or of very
closely related species, the hemoglobin does not
appear in the urine except after very large doses;
and Porfick infers that the red blood-corpuscles,
either all of them or most of them, remain un-
changed in the new animal.

Landois has carried out transfusion between the
remotest species, between different families of
mammals, and between mammals, birds, and
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amphibia; from these he drew ‘the inference,
important for classification of animals, that those
animals anatomically most nearly allied have their
blood most closely alike.’ In fact, ¢ the destruction
of the foreign blood happens the more slowly the
more nearly the animals are allied.” ¢Thus, in
doubtful cases, experiments on transfusion might
settle degrees of relationship. Between individuals
of the same species transfusion is a complete
success ; when the species are closely allied, the
tla,usfused blood disappears only very gradually,
and large quantities may be transfused without
harm. The further apart the animals may be, in
a system of classification, the more violently the
destruction of the foreign blood takes place, and
the smaller is the quantity that can be endured in
the vessels. Thus, in the extent to which blood
transfusion may occur, I see a step towards the
foundation of a Darwinian theory applied to cells.’

As yet, transplantations and transfusions between
animals of different species have been considered
with a view to their importance in surgery and in
medicine, rather than from their purely ph}rsm-
logical mde From the results given above, In
whmh I believe, although there might be drawn
from literature contradictory results—in which,
however, I cannot feel confident—I am prepared
to extend a conclusion to the animal kingdom that
is better supported in botany: the conclusion that
the cells and tissues possess, in addition to their
definite microscopical characters, more general, in-
trinsic, specific characters, and that one may speak
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of the vegetative affinities between tissues exactly
as one speaks of the sexual affinities between repro-
ductive cells.

SUMMARY OF THE CONCLUSIONS IN THE FIRST
SECTION.

Summing up what has been said in the pre-
ceding pages, we find a large series of facts sup-
porting our contention that cells multiply only by
doubling division. First comes the fundamental
circumstance that single-celled organisms exhibit
only doubling division, as by that alone the per-
manence of species, which experience shows us to
exist, 1s possible.

Secondly, some facts of reproduction were con-
sidered, The formation of germinal tissues, and,
in the case of lower plants and animals, the occur-
rence of budding in almost any part of the body,
are easily intelligible if every cell, like the egg-cell,
has been formed by doubling division, and so
contains the rudiments of all parts of the organism ;
and if thus, on the call of special conditions, every
cell may become a germ-cell again.

Thirdly, great stress is to be laid on those ex-
periments in which the process of development was
interfered with at different stages, as these showed
that the separate cells which arose by division were
not predestined unalterably for a particular rdle,
according to a predetermined plan (facts of re-
generation and heteromorphosis).

Fourthly, the results of grafting, transplantation,
and transfusion indicate that the cells and tissues
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of an organism possess, in addition to their patent
microscopical characters, latent characters, which
show themselves to be peculiar to the species.

How does Weismann attempt to reconcile his
hypothesis of differentiating division with these
facts ? By the provision of different complementary
hypotheses, which, as we have seen, amount to
this, that he allows the set of rudiments which he
had turned out by differentiating division of the
cell to creep In again by a back-door. He accom-
plishes this by his i1dea that the germplasm may un-
dergo, simultaneously, doubling and differentiating
division. In these cases cell-division has a double
aspect. According to Weismann, this is possible,
because the egg contains many, sometimes as many
as a hundred, ids, each of which is a combination
representing the species. Weismann believes that
in an egg, while it is preparing for its first division,
the ids are arranged in two groups—an active army
and a reserve army. By differentiating division
the active army is broken up into the divisions,
brigades, and regiments of determinants appropriate
to the separate groups of cells, and so the course
of the development is conducted according to a
preconceived plan. On the other hand, the passive,
reserve army multiplies by doubling division, and
1s sent along with definite parts of the active army
as baggage in a fixed or inactive condition, so that
it has no influence upon the normal course of
development nor upon the characters of the cells
(fixed germplasm, inactive, accessory idioplasm,
bud-idioplasm).
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In spite of this purely arbitrary, complementary
hypothesis, the facts seem to me to show that
Weismann assumed an untenable position when he
attributed a reserve army of ‘stable plasma’ only
to the sets of cells in which it was necessary to
suppose its existence. The experiments of Driesch,
Wilson, and myself show that a complete embryo
may spring from a half or quarter of the egg, and
that the set of nuclei first to arise may be shifted
about in the egg like a heap of billiard-balls. In
the face of such facts there seems nothing left for
the theory of Weismann but to endow every cell
with accessory germplasm to prepare it for un-
foreseen events. This, however, would sterilize the
other part of the theory, the doctrine of deter-
minants, and the mechanism of development de-
pendent on a rigid architecture of the germplasm.
Consider the confusion that would arise when the
deploying of the active army was disarranged by
external influences, now in one fashion, now 1n
another, if the reserve army, with its store of latent
rudiments, had to come to the help of the broken
pieces. What would compel the rudiments dis-
posed to activity according to the prearranged
plan to become latent where they were no longer
wanted ? And what would stir into activity in the
necessary places the originally quiescent rudiments
of the reserve army? In fact, if the rdles of activity
and quiescence are even once to be exchanged by
the rudiments in the cell, what object is there in
drawing a distinction so sharp between the two
armies—the active army which carries out the
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process of development according to a plan pre-
arranged in its minutest details, and a passive
reserve army ordered into quiescence and carried
as baggage ?

But here we come upon the scarlet thread that
continuously has traversed the theory of germplasm
in all its changes. Weismann attaches the greatest
importance to the distinction. The twofold nature
of the process of development is a cardinal point
in his theory, linked to his doctrine of immortality
for unicellular organisms and germ-cells and
mortality for somatic cells.

Between somatic cells and reproductive cells
Weismann places a gulf that cannot be bridged.
Only the reproductive cells contain real germ-
plasm, and only these contain the conditions for
maintaining the species, as they alone serve for
the starting of new generations of development.
The somatic cells, on the other hand, are endowed
only with fragments of germplasm, and hence they
are Incapable of preserving the species, and are
doomed to death. The reproductive cells, like
unicellular organisms, are regarded as immortal,
the somatic cells as mortal, According to Weis-
mann, cells cannot pass from the one category to
the other.

As I see Nature, this contrast has been arti-
ficially reasoned into her. From several reasons, I
do not think that it exists. In the first place,
I consider that the facts I have given show the
hypothesis of a differentiating division of cells and
germplasm to be not proven and arbitrary. Next,
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the reproductive-cells must be considered as much
a part of the organism as any other tissue. Some-
times they form the greater part of the body, as in
many parasites, and, like the other tissues, they
are subject to death, unless the conditions necessary
to their further development have occurred in
time. But under such conditions other cell-com-
plexes may have death averted from them, as, for
instance, when a slip cut from a willow-tree is
planted. Thirdly, the reproductive cells are
derived from the egg-cell just in the same way as
other tissue cells are derived from it. Like tissue
cells in multicellular organisms, they arise by the
specialisation of material separated from the egg-
cell, and, like every other organ, attain the position
assigned them in the plan of development in the
course of the general metamorphosis of position
that all the cells pass through. Often the sexual
cells, like those of other tissues, appear at a
distance of several cell-generations from the egg.
The intervening generations are specially numerous
in those animals and plants in which several sexless
generations come between the sexual generations
(e.g., many plants, ceelenterates, worms, tunicates).

I cannot agree to the existence (in Weismann’s
sense) of special germ-tracks. Naturally, I do not
deny that. the sexual cells arise from the egg after
definite sequences of cell - divisions; but this
happens in the case of all specialised cells, such as
muscle, liver, kidney, and bone cells. The con-
ception of special germ-tracks has no more sig-
nificance than there would be in the conception of

6
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muscle, liver, kidney, and bone tracks. Though
Weismann associates with germ-tracks the idea
that germplasm travels along them, proof of this
has yet to be brought forward.

Finally, a word about the meaning of ¢ immortal.’
In a scientific work the word must be used in a
philosophical sense. In calling a being immortal
one implies both individuality and indivisibility.
This, at least, was the view of the old philosophers,
who have defined the idea of immortality. Thus
says Leibnitz in his Theodice: ‘1 hold that the
souls which one day become the souls of men
existed already in the seed, that they have existed
always in organised form in the ancestors, back to
Adam—that is to say, to the beginning of things.’

In his doctrine of immortality, Weismann has
not concerned himself with the two implications—
individuality and indivisibility. He calls a uni-
cellular organism immortal, simply because its life
1s preserved in the organisms arising from it by
division. The immortality of the unicellular forms
depends upon their divisibility, upon a property
which, according to the philosophical use of the
word, is incompatible with immortality. According
to Weismann, one immortal organism gives rise to
several immortal organisms, but, as these are sub-
ject to destruction by external agents, the separate
individuals are mortal. The unicellular organism
1s not immortal in itself, but only in as much as it
may give rise to other organisms. In this way
Weismann comes in conflict with the idea of
individuality, and is compelled to transform his
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conception. For he says ‘that among unicellular
organisms there are not individuals separated from
each other in the sense of time, but that each living
being is separated into parts so far as space is con-
sidered, but is continuous with its predecessors and
successors, and is, in reality, a single individual
from the point of view of time.” Consequently
Weismann must take the same view of the germ-
cells, which, according to his theory, are immortal
in the same way as unicellular organisms, and, in the
same sense, he must make a single individual of all
the germ cells arising from a single germ cell, and,
with them, of all the organisms developed out of
them. Adam is immortal quite as much as uni-
cellular organisms, for he survives in his successors.

In brief, Weismann assigns immortality not to
the unicellular individual, but to the sum of all the
individuals arising from it, all the individuals of
the same species, living contemporaneously and
successively—in fact, to the conception of a species,

In my view, what Weismann has tried to express
by the word ‘immortality’ is no more than the
continuity of the process of development. So he
himself says in the course of a detence in which,
however, he did not intend to give up the stand-
point he had taken; he wishes to imply, by the
immortality of unicellular organisms, only °¢the
deathless transformation of organic material,’ or ‘a
transformation of organic material that always
comes back to its original form again.’

Thus, Weismann himself really has implied that
his distinction between immortal unicellular organ-
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isms, immortal germplasm, and mortal somatic
cells, is a misconception. For the continuity of
the process of development, or the mode of trans-
formation of organic material, depends upon the
continual formation and eventual destruction of
newly-formed material, but in no way implies the
continuous existence of the organised material in a
state of organisation. From this point of view, the
immortality of unicellular organisms and of the
germplasm breaks down, and, above all, the artificial
distinction between somatic cells and reproductive
cells. For, in the latter, the organic process of
development, with its transformation of organic
material, also occurs.

Here 1 may give the conclusion of this division
of my argument. Cells multiply only by doubling
division. Between somatic cells and reproductivé
cells there is no strong contrast, no gulf that cannot
be bridged. 'The continuity of the process of
development depends upon the power of the cells
to grow and to divide, and has already been set
forth in the sayings—Omnis cellulw e cellula, ommnis
nuclews ¢ nucleo. Whatever novelty the doctrine
of the continuity of the germplasm brings into this
saying depends upon error, and is in contradiction
to known natural facts.

II. ARGUMENTS AGAINST THE DOCTRINE OF
DETERMINANTS.

Weismann has united his doctrine of determinants
with his assumption of a differentiating division.
He conceives that every little group of cells in the
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adult body possessed of definite character and of
definite position in the body—in fact, every group
of cellsthat is independently variable—isrepresented
in the egg and in the spermatozoon by a number of
little particles — the biophores — and that these,
joined in a system, form the determinants. The
innumerable determinants, he thinks, are so
arranged in the germplasm, and are endowed with
such powers, that, during the process of develop-
ment, they reach, at the right time, the right place
for their expansion into cells. For instance, in the
case of a mammal with parti-coloured fur, as many
architecturally arranged determinants would be
present as there were different spots and stripes in
the fur, due to colour and length of the hairs.

This chain of ideas, made sharp and definite by
Weismann, has recurred again and again in theo-
retical biological literature in a vague way. In my
view, it rests upon a false use of the conception of
causality, and upon a false implication given to the
relation between the rudiment and the product of
the rudiment, each mistake involving the other.

Because, if its development be not interfered with,
a definite egg necessarily gives rise to a definite
kind of animal, a complete identity between the
rudiment and the produet, between cause and con-
sequence, has been assumed more or less con-
sciously. The conception of the sequence has been
as if an organism caused its own development 1n a
closed system of forces, in a kind of organic per-
petual motion. It has been overlooked that, in
the course of the development, many other con-



86 THE BIOLOGICAL PROBLEM OF TO-DAY

ditions must be fulfilled, as without them the
product never would come from the rudiment.

That the same adults may come from the eggs
depends upon the egg-cells, in the ordinary course
of events, being in similar conditions of anabolism
and katabolism, being affected by gravity, light,
temperature, and so forth, in the same way. Thus,
when we are attempting to grasp the fundamental
nature of the course of organic development, we
must not omit the part played by these factors.

We may dwell for a moment upon this weighty
point, as its significance is commonly misunder-
stood.

The course of each organic development depends,
in the first place, upon the absorption and meta-
morphosis of matter. Inorganic matter perpetually
is being turned into organic material to serve for
the growth and development of the rudiments.
Thus, what in one stage of the development is mere
inorganic material, and an external condition of the
development of the rudiment, in the next stage is
become a part of the rudiment. The food-yolk of
an egg, for instance, like the oxygen of the atmo-
sphere, appears, in its relation to the material of the
rudiments, to be something supplied from outside,
an external condition of the development ; yet it is
continually passing into the rudiments and altering
them, even though the alteration may be purely
quantitative. From this follows the very simple
inference that during the course of an organic
development external matter is always being
changed into internal matter, or that the rudiments



WEISMANN'S THEORY OF THE GERMPLASM 87

are continually growing and changing at the ex-
pense of the surroundings.

Now, let one reflect that the egg and the adult
are two terminal states of organised material, and
“that they are separated from each other by an
almost inconceivably long series of connecting,
intermediate states; consider that each stage of
the development is the rudiment and the producer
of the succeeding stage, of the stage that follows,
as the consequence of it; consider that what was
external in each antecedent stage has entered the
rudiment and become part of it in the succeeding
stage. Then it will be understood that it is a
logical error to assume that all the characters
present in the last link of the chain of develop-
ment have their determining causes in the first
link of the chain. The mistake lies in this: in
the failure to distinguish between the causes con-
tained in the egg at the beginning of the develop-
ment, and the causes entering it during the course
of development from the accession of external
material in the various stages. As there can be
no absolute identity between rudiment and pro-
duct, it is erroneous to transmute the visible com-
plexity of the final stage of the development into
an invisible complexity of the first stage, as the old
evolutionists did, and as the new evolutionists are
attempting to do.

But there 1s another error in the doctrine of
determinants. This is in intimate union with the
error just discussed, and, to put it shortly, consists
in attributing to a cell—and the egg and sperma-
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tozoon are cells—the possession of characters not
peculiar to cells, but resulting from the co-operation
of many cells,.

The characters of an adult active organism, like
a plant or an animal, are exceedingly numerous,
most varied in their nature, and essentially differ-
ent. Some characters depend upon the healthy
co-operation of nearly all the parts of the body, or
of a group of organs; others are peculiar to an
organ, and may be referred to its shape, structure,
position, function, and so forth. Others, again,
depend upon individual cells, or even upon sepa-
rate parts of cells. Is it really possible that all
these characters, so many and so heterogeneous,
have special, material bearers in the germ, and
that these bearers are either simple biophores or
determinants—that is to say, groups of biophores ? ?

I can conceive a cell as endowed only with the
material bearers of such characters as really belong
to a cell itself. Thus, a reproductive cell might have
material particles as the rudiments for producing
horn, chitin, chondrin, ossein, pigment, or chloro-
phyll, or for nerve-fibrils, muscle-fibrils; but not
for producing a hair, or a separate ganglion of the
spinal cord or the biceps muscle. The rudiments
for hairs, nerve-ganglia, muscles, and so forth, must
be groups of cells, for only groups of cells, and not
specially arranged groups of particles within a cell,
are able to grow into hairs, spinal ganglia, or muscles.

In a short statement, made in 1892, I said : ‘ The
mistake into which speculations upon the nature of
organic development has led so many investigators
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is this: they reflect the characters of the adult
upon the undivided egg, and so people that sphere
of yolk with a system of tiny particles, corresponding
to the parts of the adult, qualitatively and in spacial
relations. But in this method of thinking, it 1s left
out of count that the egg is an organism which
multiplies by division into numerous organisms
like itself, and that, in each stage of the develop-
ment, it is only by the mutual action of all these
numerous elementary organisms that the develop-
ment of the whole organism slowly proceeds.’
Weismann himself, in a discussion of the pan-
genes of De Vries, has partly shown that one
cannot assume the existence in the cell of material
particles that are the bearers of qualities foreign to
the nature of a cell and transcending it. In refer-
ence to the attempt to explain zebra-striping by
pangenes, he says (Germplasm, English edition,
p- 16) : ¢ There can be no “ zebra-pangenes,” because
the striping of a zebra is not a cell character. There
may perhaps be black and white pangenes, whose
presence causes the black or white colour of a cell ;
but the striping of a zebra does not depend on the
development of these colours within « cell, but 18
due to the regular alternation of thousands of
black and white cells arranged in stripes.” Again
(p. 17), he says: ¢ The serrated margin of a leaf,
for instance, cannot depend on the presence of
“ serration-pangenes,” but is due to the peculiar
arrangement, of the cells. The same argument
would apply to almost all the obvious “characters ”
of the species, genus, family, and so on. For
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instance, the size, structure, veining, and shape of
leaves, the characteristic and often absolutely
constant patches of colour on the petals of flowers,
such as orchids, may be referred to similar causes.
These qualities can only arise by the regular co-
operation of many cells.’

Notwithstanding so correct a declaration, Weis-
mann himself, in his doctrine of determinants, has
fallen into the error he himself has exposed. To
represcnt characters of the adult due to groups of
cells and organisms, he imagines in the egg-cell,
not simple particles like pangenes, but architec-
turally arranged groups of particles, determinants.

No real change has been made. Conditions are
reflected upon the cell that in their real nature
surpass its possibilities. With right and reason one
may adduce, against his own determinants, what
Weismann has said about pangenes, for exactly the
same reasons : ‘ There cannot be zebra-determinants
or serration-determinants, because zebra-striping,
like the serrated edge of a leaf, is no cell character.

The error in Weismann’s doctrine of determinants
may be made clearer by an analogy.

The human state may be conceived as a high
and compound organism that, by the union of
many individuals, and by their division into classes
with different functions, has developed into a form
always becoming more complicated. To carry out
our comparison better, let us assume that all the
individuals united in the human state arose from a
single pair. The single pair would be the rudiment
of the whole state, and would bear the same signifi-
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cance in the development of the state, as the ferti-
lised egg bears to the development of the adult.
The characters of the state, its different organisa-
tions for protection, for tilling the soil, for trade,
for government, and for education, must be explained
causally from the characters of the first pair, which
we take as the human rudiment, and from the outer
conditions under which that pair and the generations
that arose from it had to live.

As the state develops, urban and district com-
munities, unions for husbandry and manufactures,
colleges of physicians, parliaments, ministries,
armies, and so forth, appear. All this visible com-
plexity depends upon individuals associated for
definite purposes and specialised in different direc-
tions. It would certainly not occur to anyone to
explain the growth of this complexity in the de-
veloping state by the assumption that this secondary
complexity was preformed as definite material par-
ticles present in the first pair, although the first
pair is the rudiment of the whole. Much comment
iIs unnecessary; everyone must feel that this
attempt to explain the causal relations is on the
wrong track, that it is perverse to try to explain
the complex characters of the human state by a
system of architecturally arranged particles stored
within the first pair. The organisations arising
from the co-operation of many men are something
new, and cannot be regarded as present in the
organizations of one man. No doubt they depend,
in the last resort, upon human nature, but by no
means in this crude, mechanical fashion,
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But what applies to the causal relations between
the state-organism and men applies also, ceteris
paribus, to the explanation of the causal relations
between the rudiments in the egg and the organism
to which the egg gives rise. For these an explana-
tion cannot be expected on the lines of Weismann's
doctrine of determinants, as that implies a funda-
mentally erroneous assumption. It refers organi-
zations that depend upon cell-communities to
organizations of material particles within a cell.

‘To understand inheritance,’ says Naegeli, with
truth, ‘we require not an independent, special
symbol for every difference resulting from time,
space, and quality, but a substance'that, by the
linking of the limited number of elements in it,
can exhibit every possible combination of difter-
ences, and that by permutation can pass into
another combination of differences.’

This standpoint is clearer when interpreted in
terms of cells. The hereditary masses contained
in the egg and spermatozoon can be composed only
ot such particles as are the bearers of cell-characters.
Every compound organism can inherit characters
only in the form of cell-characters. The innu-
merable, and endlessly variable, characters of plants
and animals are of composite nature. They find
their expression in differences of shape, structure,
and function in the organs and tissues, and in the
special methods in which these are interrelated.
They depend upon the co-operation of many cells,
and, for this reason, cannot be carried into the
hereditary mass of any cell by material bearers.
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They are secondary formations, that can arise only
after the multiplication of cells, and from the
varied combination of cell-characters that accom-
panies the multiplication of cells.

In the foregoing pages I have attempted to prove
the untenability of the doctrine of determinants
from general considerations. I shall now attempt
the same by analysis of a concrete case. The frog’s
egg may serve for this., It is a familiar object,
frequently studied. Consider its mode of division,
and the formation of the blastula, gastrula, and
germinal layers.

In cleavage the nucleus plays the chief part, and
thus has been accepted as the bearer of the
hereditary mass. But no single, special determinant,
gives the impulse for cleavage; rather, the co-
operation of all the particles that are essential to
 the nature of the nucleus. The chromosomes,
which we may regard as independently growing
and dividing units, must have doubled by assimila-
tion of food material from the yolk ; per haps, also,
the centrosome may have doubled in the same
way before the nucleus is in a condition to divide.
This condition itself appears the necessary result
of many different processes of nutrition and growth,
as the result of complicated chemical processes that
run their-course within the sepamte elementary,
vital units of the nucleus.

The multiplication of the nucleus into two, four,
and eight daughter-nuclei, and so forth, gives the
impulse for the breaking up of the yolk into a
corresponding number of cells. In that process
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the direction of the cleavage-planes, the relative
positions and the different sizes ot the cells exhibit,
under normal conditions, the most marked regu-
larity. But it may be shown directly that this
regularity is not the result of special determinants
lying within the nucleus. For all these phenomena,
which are characteristic in the cleavage of the
frog’s egg, as well as in the cleavage of all other
eggs, are determined directly by the qualities of
the yolk surrounding the nucleus.

In several publications I have shown clearly that
the external form of an egg and the arrangement
of its contents, according to the different specific
gravities of the component particles, determine the
position of the nucleus and of the successive planes
of division. Similarly, the different sizes of the
cells first formed and the unequal rate of division
shown at the two poles of the egg depend upon
the constitution of the yolk, upon the cleavage of
the yolk into a portion richer in protoplasm and a
portion poorer in protoplasm, and upon the ditter-
ences In the bulk of protoplasm that in this way
reaches each of the first-formed cells.

In many cases 1t has been shown that there is a
constant relation between the first three cleavage-
planes of the egg and the long axis of the animal
that arises from the ege. Weismann and Roux
make this a proof that, in nuclear division, the
nuclei that arise have different qualities; that the
protoplasmic masses lying to the right and left of
the median plane are set apart to build up the
right and left halves of the embryo ; that, similarly,

FET S
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the first transverse and horizontal cleavage-planes
divide the protoplasm of the egg into pieces pre-
determined for the formation of the anterior and
posterior, dorsal and ventral, parts of the embryo.

But I think I have shown beyond possibility of
doubt that these events are due not to the exist-
ence of special, mysteriously working groups of
determinants within the nucleus, but merely to the
specific shape of the whole egg and to the segregation
of the yolk. It isself-evident that, as the body of the
embryo builds itself up from the actual material of
the egg, the way in which the material of the egg
is disposed must be of great influence upon the
formation of the shape of the embryo. And so, in
a recently published work, I stated that the grow-
ing embryo, especially in its early stages, must
conform in many ways to the shape of the fer-
tilised egg.

Thus, to bear out what I have been saying by
actual examples, the distribution of the actual
particles of the fertilised egg must correspond to
the disposition of the bulk of material in the
blastosphere ; for, in the breaking up into cells,
the spacial arrangement of the substances of
different weights undergoes no change. Thus,
amphibia, the eggs of which have the poles
different 1n character, produce blastospheres the
poles of which are unlike ; while eggs, like those
of the fowl, where the yolk does not divide, give
rise to blastospheres with unsegmented yolk. In
such cases the more or less complete segregation of
the yolk and gravity, which causes a separation ot
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the contents of the egg according to the weights of
the particles, are agencies determining the par-
ticular kind of development. It is no case of
special groups of determinants within the nucleus.

Thus, an oval and an elongate egg produce
respectively an oval and an elongate blastosphere.
The blastosphere determines the orientation of the
gastrula, and so forth. In fact, the original dis-
tribution of mass in the material of the egg is
carried directly on to the following stages of develop-
ment (oval eggs of triton, insects, ete.).

So, finally, in many eggs, where, in addition to a
polar differentiation, there is also a bilateral sym-
metry in the distribution of substances of different
specific gravities and of different physiological
value, the resulting blastospheres, from the reasons
given above, assume a bilaterally symmetrical form.

Although, then, in eggs with polar differentiation,
which have either one axis longer or are bilaterally
symmetrical, under normal conditions the planes of
the first two segmentations may correspond to the
principal axes of the future embryo, the cause for
this agreement lies in the structure of the egg, and
1s not to be looked for, as Roux and Weismann
suppose, in differentiating processes of cleavage,
undergone by the nuclel in their first divisions.
It is in this way that there are to be explained the
investigations made by Van Beneden and Jiilin
upon the eggs of ascidians, by Wilson upon the egg
of Nereis, by Roux upon the egg of Rana esculenta,
and by me on the egg of 1'riton.

As it fails with the process of cleavage, so Weis-
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mann’s doctrine of determinants fails when we
analyse the formation of the blastosphere, the
gastrula, and the germinal layers.

The formation of the blastosphere seems to me
to be due to the co-operation of the following
processes :

(1) In the division of the egg-cell cavities arise
between the four, eight, and sixteen pieces, and
thus the whole contents of the egg become arranged
more loosely. (2) The more the cells multiply by
division and become smaller in circumference, the
more closely they apply their lateral surfaces to
each other, especially at the outer surface of the
whole, so assuming the arrangement of cell-epithelia.
(3) By the secretion of fluid, a constantly growing
central cavity is formed pari passw with the
approximation of the superficial cells, and this
probably also brings with it an increase of the
internal pressure, and a wider curvature of the wall
of the sphere.

Now, is there any part of these processes that has
to do with the breaking of the nuclear contents
into groups of determinants with different qualities?
By no means. The egg divides into many pieces,
because such division is a general property of cells,
and it is not associated with separate, special
material bearers. The appearance of spaces between
the cells, resulting from division, is due to forces
some of which reside within the single cells, some
of which come from without. In especial, the
assumption of a spherical shape—an assumption
occurring also to a greater or less degree when the

7
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results of division leave each other—is caused by
the yolk actively arranging itself round the two
nuclei as centres of attraction. The attempt to
become spherical is opposed by other forces, in
accordance with which the cells resulting from
division press against each other. 'These forces
that press the cells together seem to increase as
the size of the cells diminishes, so that the cells
approximate their lateral faces continually more
closely., The secretion of fluid into the interior of
the sphere and the resulting increase of the outer
surface results from the characters of the whole
wall, and cannot be explained by single, specially
determined cells.

Finally, to take the case of the special kinds of
blastospheres (e.g., of amphioxus, amphibia, reptiles,
birds, and so forth), it has been already shown
that these are produced by the shape of the egg,
by the bulk of the yolk, and by the segregation of
the yolk-particles under the intluence of gravity;
that, in fact, the shapes are determined by the general
gross conditions of the structure of the egg.

Planly, the blastosphere cannot be pre-existing
as a structure of particles in the fertilised nucleus ;
there cannot be blastosphere determinants. ~The
conditions for the origin of the blastosphere come
nto existence only by the process of segmentation,
and 1t 1s only by its capacity to divide that the
egg contains the conditions for blastosphere forma-
tion. Here we have epigenesis—the appearance of
a new formation, not the becoming visible of pre-
existing complexity.
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The conditions of gastrulation and of the forma-
tion of the germinal layers are similar. The
invagination of the blastosphere comes about by
the co-operation of all the cells of its wall, by
local differences in the rates of growth in that wall,
from dissimilarities in its curvature, from many
causes which have not yet been sufliciently sought
out and investigated. As cell division itself depends
not upon special particles, but upon changes in the
entire nuclear contents, it follows that the growth
of the blastosphere-wall, which is merely the sum
of the growth of all the cells in it, cannot be
determined by special groups of determinants.

As an attempt to explain gastrulation, the origin
of the germinal layers and many other events of
development, the doctrine of determinants has re-
versed cause and effect. Certain cells do not
become invaginated into the segmentation cavity
because they possess groups of determinants that
impel them to the assumption of inner layer
characters. The reverse is the truth. Local condi-
tions of growth cause the invagination of a set of
the cells of the blastosphere-wall. This invaginated
layer of cells, brought into a new position with regard
to 1ts environment, becomes the endoderm and re-
celves the stimulus to assume the character appro-
priate to the new environment. It is unlogical to
speak of endoderm in the fashion of many text-
books and treatises on embryology, while the so-
called endoderm cells still form part of the outer
surface of the blastosphere, or even while they are
still in process of formation by cleavage. For
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‘inner germinal layer’ implies a condition of
position which is created by the invagination.

In fact, it is impossible, in thinking of the
gastrula as in thinking of the blastosphere, to
conceive that in the egg, which is a simple cell,
there can be preformed by material particles in the
nucleus a condition which implies the existence
of two layers of cells.

Thus analysis of a special case leads to the same
conclusion as is reached by the general reasoning
of the earlier part of this section.



PART 1I.

THOUGHTS TOWARDS A THEORY OF THE
DEVELOPMENT OF ORGANISMS.!

Now that criticism of the germplasm theory has
given us a bias in the right direction, 1t 1s necessary
to map out more clearly the path along which
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solution of the problem may be sought. In general
terms, our problem is the necessary origin from an
egg, always of the same organism, with its manifold
characters, and the explanation must avoid the
attribution to the egg of characters foreign to its
nature as a cell. This is the more necessary as
Weismann objects to the supposition that cell-
division is doubling, holding that the supposition
allows neither an explanation, nor even the beginning
of an explanation, of the differences that arise among
cells while the differentiation of the body occurs.
“ Any explanation must in the first place account for
this differentiation,” says Weismann (Germplasm,
p. 224) ; “ that is to say, the diversity which always
exists amongst these cells and groups of cells
arising from the ovum must be referred to some
definite principle. In fact, no one could even look
at it as giving a partial solution of the problem, if
differentiation is supposed to be due to that part
alone of the germplasm becoming active which is
required for the production of the cell or organ
under consideration. But the higher we ascend
in the organic world, the more limited does the
power of producing the whole from separate cells
become, and the more do the numerous and varied

HERBERT SPENCER : A Rejoinder to Professor Weismann. Con-
temporary Review, 1893.

Ibid. : Die Unzulinglichkeit der ¢ Natiirlichen Zuchtwahl.” Biol.
Centralblatt, vol. xiv., No. 6.

EMERY : Die Entstehung und Aushildung des Arbeiterstandes bei
den Ameisen, Biol, Centralb,, vol, xiv., No. 2, 1894,

HAACKE ; Gestaltung wnd Vererbung (1894).
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differentiations of the soma claim our attention and
require an explanation in the first instance. The
presence of idioplasm in all parts containing the
primary constituents does not help us in this
respect.’

With this T cannot agree. Naturally, Naegeli,
De Vries, Driesch and I assume that, of the many
rudiments present in every cell, only some come to
activity in each special case, and that the selection
of those that become active is due to causes arising
in the course of development. Our conception of
the nature of these causes, and of their place of
origin, is diametrically opposed to Weismann’s.

Weismann would make the causes of this orderly
development of the rudiments reside in the germ-
plasm itself; for he considers that to be not only
the material but the motive force of the course of
development. According to him, every cell must
have become what it is, because it was provided
only with the definite rudiments assigned it before-
hand, according to the plan of the development of
the germplasm.

On the other hand, we regard the development of
the rudiments as depending upon motive forces or
causes that are external to the germplasm of the
ovum, but that none the less arise in orderly
sequence throughout the course of the development.
The causes we recognise are first, the continual
changes in mutual relations that the cells undergo
as they increase in number by division, and second,

the influence of surrounding things upon the
organism.
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One may group together as centrifugal causes
of the process of development the characters of the
fertilised cells and the interrelations between the
products of their divisions, and distinguish them
from the centripetal causes, or motive forces that
are provided by the action of surrounding things.
None the less, it must be borne in mind that there
i1s no sharp distinction between centrifugal and
centripetal forces. On page 86 I showed how
what is external in one stage of the process
becomes internal in the succeeding stage. The
external constantly is becoming internal, and the
sum of the internal factors increases mlly at the
expense of external factors.

From the physiological point of view I regard
the divergent differentiation of cells as a reaction of
the organic material to unlike impelling forces—
that is, to factors shown by experimental physiology
to be actually present and to rule the building up
of the organism. ‘It were superfluous to detail,’
as Naegeli says, ‘how continually other forces
external to the idioplasm, but belonging to the
individual, influence the idioplasm; every cell,
indeed, as it grows and divides, takes up a definite
place in the growing whole, and finds itself in a
peculiar combination of conditions of organisation.’
‘Not only influences within the individual affect
the idioplasm, as that may be altered by external
influences, and so may be forced to grow in a new
direction.” ‘The influence of surroundings in
determining which of the rudiments contained in
the idioplasm shall achieve development is shown
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in the following example: it depends on their
nutrition whether certain trees shall bear foliage
or flowers; while in an unpropitious climate many
plants refuse to bear flowers at all, but content
themselves with vegetative reproduction.’

This principle indicates the path along which
explanation of the differentiation of cells is to be
sought. Although in no single case is it yet
possible to refer a known action to its appropriate
cause—in other words, to show a definite stimulus
producing a definite reaction nupon the rudiment—
this failure is not to be attributed to error in the
principle. It is the natural result of the enormous
difficulties besetting an attempt to understand
the highly involved events of development. We
can only ask whether or no our general prin-
ciple is harmonious with the facts displayed in
nature.

In the following pages I shall try to develop
this view, taking, as formerly, a few instances. I
shall now proceed further with suggestions I made
in my treatise on Old and New Theories of Develop-
ment. I start from the conception that the ovum
1s an organism that multiplies by division into
numerous organisms like itself. Ishall explain the
gradual, progressive organisation of the whole
organism as due to the influences upon each other
of these numerous elementary organisms in each
stage of the development. I cannot regard the
development of any creature as a mosaic work., I
hold that all the parts develop in connection with
each other, the development of each part always
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being dependent upon the development of the
whole.

The power of the ega to multiply by division is a
chief and most important factor in the production
of complexity during the course of development.
It is only because the nuclear material, by a series
of intricate, chemical changes, assimilates reserve
material from the egg and oxygen from the atmo-
sphere that it can give rise to continually increas-
ing complexity within itself. The increase in bulk
results in a cleavage into two, four, eicht, and
sixteen pieces, and so forth. The cleavage produces
a constantly changing distribution in space of the
nuclear material. The two, four, eight, and sixteen
nuclei that arise by division diverge from each
other and take up new positions inside the egg, in
definite relations to each other. At first the
particles of the eco were arranged around the
fertilised nucleus, which was a single centre of force :
they become grouped around as many centres of
forces as there are nuclei, and so become segregated
into as many cells. Clearly enough, the egg, in its
single-celled condition, changes its quality in a
marked degree when it becomes multicellular, even
_although the change has occurred by doubling
division.

This, so clear in the early stages of development,
continues to occur throughout the later stages of
orowth. The continued cell-multiplication causes
not only changes of bulk, but also from time to
time changes in quality; for each shape is bound
up with definite conditions. When the conditions
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alter, the organic material, by its power of reaction,
changes its shape in a corresponding fashion.

As the nature of architectural plans depends
upon the properties of the wood, stone, or iron, as
they must correspond with the material to be em-
ployed (7.e., the span of a roof, the construction of
a bridge depend upon the material in shape and
weight), so the nature of the organic material
determines to a large extent the shapes assumed in
the course of growth.

Shape in many respects appears to be a function
of growth in an organic material.

A few examples will make clear this important
relation. A limit is set to increase in the size of a
blastosphere by the nature of the material of its
walls. Its wall is a membrane, composed of one
or more layers of cells that this may preserve its
curvature, a definite pressure from within must be
maintained, proportioned to the cohesive force of
the cells ; at the same time the wall of the sphere
must be able to withstand the strain and pressure
put upon it by external forces. All these, and
many other factors less easy to conceive, must be
delicately adjusted to one another. If in any
direction a definite limit be exceeded, then either
the structure will be destroyed by disintegration
of the component parts, or a new shape will be
assumed. The latter is the event in the case of a
living substance capable of reaction. The blasto-
sphere, growing beyond its limits, folds into a cup-
shaped organism. Did we know all the influences
affecting the wall of the blastosphere, then we
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would understand the causes by which growth
beyond a definite limit must result in invagination.
From the occurrence of the gastrula in all the
divisions of the animal kingdom, we may conclude
that it is a temporary phase, inevitable in the
growth of animals.

There may be noticed here a second connection
between shape and organic growth, exceedingly
simple in its nature, but of fundamental importance
in its consequences. It may be stated in this saying :
Growth always must be such as to produce the
greatest possible extension of surface. The reason
of this is simple, depending on the different natures
of inorganic material and living organic material.

A crystal in its mother liquor grows by attract-
ing new particles and depositing them upon its
outer surface, according to the kind of crystallisa-
tion peculiar to the material of which it is com-
posed. These particles, once crystallised, retain
their position even when new layers are deposited
on their outer surfaces, and remain unchanged,
perhaps, like rock crystals, for thousands of years,
until changed outer forces loosen the bonds that
bind them.

Organised material cannot grow in this fashion ;
it takes up material from without, not, like the
crystal, arranging it on the outer surface, but in-
gesting it. Protoplasm cannot become fixed in any
condition without being destroyed; it exhibits
perpetual interchanges with the outer world; un-
ceasing intake and output is a necessary accompani-
ment of its life. ‘The growth of idioplasm, as
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Naegeli strikingly says, ‘implies a constancy of
perpetual change.’

Thus, growing protoplasm can assume only such
shapes as allow it to remain in constant touch with
the outer world. A cubical or spherical mass of
cells could not grow by the formation of new layers
of cells on the outside, for these layers would
deprive the centrally placed masses of cells of their
conditions of existence. Similarly, an extended
membrane of cells or an epithelial layer cannot add
indefinitely to its thickness, else would the cells
furthest removed from the outside be injured in
their relations to surrounding things. To satisfy
its essential conditions, protoplasm can grow only
with a proportionate extension of its external
surfaces. This is secured by the cells becoming
arranged in threads and membranes, and its result
is that the threads by branching, and the mem-
branes by folding, produce structures whose com-
plexity increases with growth.

This conception that the shape of growing
organisms 1s In many respects the necessary con-
sequence of the specific characters with which
protoplasm 1s endowed, explains the great contrast
between animals and plants in their general
organisation. The contrast is the result of the
difference between animal and plant metabolism,
and between the ways in which animals and plants
obtain their food. Plant cells elaborate protoplasm
from the carbonic acid of the air, water, and easily
diffusible solutions of salts, obtained from the sea or
from the soil. For the chemical work of combining
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these, they require the active energy of sunlight.
We can now see the chief requirements to which the
constitution and arrangement of the cells 1n a
multicellular plant must be adapted. Plant cells
may become clothed in a thick membrane, as that
would prove no hindrance to the passage of gases
and easily diffusible salts; but they must be
arranged so as to present the greatest possible
surface to the surrounding media (i.e., to the soil
and the water, the air and the sunlight) whence is
drawn their supply of matter and force. The cells
must turn a broad face to the outside; this they
do by becoming arranged in branching rows, or in
leaf-shaped tlattened organs. That they may suck
up water and salts from the soil, the cells are
arranged as a highly branched system of roots,
covered with delicate hairs, and penetrating the soil
in every direction. ‘L'o inhale the carbonic acid
from the air, and to be subjected to the influence
of sunlight, the aerial part of the plant stretches
out its branches towards the light, and becomes
folded into the tlat leaves, the structure of which
reveals a suitability for assimilation. Thus the
whole architecture of a plant is superficial and
visible; internal differentiation into organs and
tissues either is wanting, or, compared with animals,
1s very scanty. It is only in the higher plants that
the internal fibro-vascular tissues appear; these
serve a double purpose : they act as channels along
which the sap passes, so bringing together the
different materials absorbed by roots and leaves; and
they have the mechanical function of strengthening

PR -
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the stem and branches. The different mode of
nutrition of animals results in a totally ditterent
structural plan. Animal cells absorb material that
is already organised, and that they may do so their
cells are either quite naked, so atfording an easy
passage for solid particles, or they are clothed only
by a thin membrane, through which solutions ot
shightly dittusible, organic colloids may pass.
T'herefore, unlike plants, multicellular animals
display a compact structure with internal organs
adapted to the ditferent conditions which result
from the method of nutrition peculiar to animals,
A unicellular animal takes organic particles bodily
into its protoplasm, and forming around them
temporary cavities known as food vacuoles, treats
them chemically. ‘I'he multicellular animal has
become shaped so as to enclose a space within its
body into which solid organic food-particles arc
carried and digested, thereatter, 1n a state of solution,
to be shared by the single cells lining the cavity. In
this way the animal body does not require so close
a relation with the medium surrounding it ; its food,
the first requirement of an organism, 1s distributed
to 1t from 1nside outwards. Ln its further complica-
tion the animal organisation proceeds along the same
lines. The system of internal hollows becomes
more complicated by the specialisation of secreting
surfaces, and by the formation of an alimentary
canal, and of a body cavity separate from the
alimentary canal.

In plants, it i1s the external surface that is in-
creased as much as possible. In animals, in obedi-
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ence to their different requirements, increase takes
place in the internal surface. The specialisation of
plants displays itself in organs externally visible—in
leaves, twigs, flowers, and tendrils. The specialisa-
tion of animals is concealed within the body, for the
internal surface is the starting-point for the forma-
tion of the organs and tissues.

Comparative embryology shows that, however
varied the forms and functions of the numerous
animal organs may be, the method of their develop-
ment is remarkably similar. There are required
only the slightest variations of a few simple general
laws. For these I may refer readers to a series of
special investigations (Studies on the Germ-layer
Theory, Oscar and Richard Hertwig), and to the
fourth chapter of my Embryology, ¢ General Dls-
cussion of the Principles of Development.’

In these works and in the foregoing pages I have
tried to show that the multiplication of the egg-
cell by division is itself a source of increasing com-
plexity and an active principle in the determination
of form, since the products of the division unite to
form a higher unity. But in another way the
multiplication of cells leads to differentiation among
the cells arising from the egg. Although each of
these resembles the parent egg, from which they
arose by doubling division, yet they differ from it
in one point : they are no longer a whole, but have
become the subordinate parts of a higher unity,
that is, of a higher organism. A cell that is no
longer a whole, but the part of a whole, has entered
upon reciprocal relations with other cells, and in
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the functions of its life is limited by these others and
by the whole. The further this is carried the more
the cell falls short of its independence as an
elementary organism, and appears only as a part
with its functions subordinate and in dependence
upon the whole.!

Although from the point of view of morphology
it has become more and more imperative to regard
the cell as the unit of the higher organism, still,
from the physiological point of view the higher
organisms must be regarded as masses of material
acting as wholes, and composed of several grades
of structural parts, subordinate in function to the
whole, and displaying only a limited division of
capacities. And so the cell theory, according to
which the cell was exalted unduly as the unit of life,

1 The assumption of doubling division does not involve the
assumption that the germinal mass is unalterable. Although I do
not regard the process of division as a mechanism for breaking up
the idioplasm into dissimilar groups of determinants, I regard the
idioplasm—and here I agree with Naegeli—as only relatively stable.
In course of time external and internal forces may slowly alter it.
On the one hand, the idioplasm of the reproductive cells in the
course of generations may slowly alter, while, on the other hand,
the idioplasm of cell groups in an organism may acquire a local
character in correspondence with their different topographical and
functional positions in the whole creature, and in relation to their
place in the organic division of labour, just as in human com-
munities individuals become altered by the lifelong exercise of some
calling. :

Nor does the doctrine of doubling divisions conflict with those
conclusions of pathology according to which, in the process of
regeneration, cells and tissues give rise only to cells and tissues of
their own order. For further details see my treatise, Ei wund

Samen-Bildung bei Nematoden, pp. 97-99. These slight sugges-
tions are only to prevent misconceptions.

8
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the centre of life, the elementary organism, must
take limitation and correction from these wider
views. This has already been insisted upon by
many physiologists of insight—for instance, by
Naegeli (see p. 30), by Sachs, and by Vichting.

‘Cell formation, declares Sachs (Physiology of
Plants, p. 73), ‘1s a phenomenon very general, it 1s
true, in organic life, but still only of secondary
significance ; at all events, 1t 1s merely one of the
numerous expressions of the formative forces which
reside in all matter, in the highest degree, however,
in organic substance.’ ¢Essentially, every plant,
however highly organized, is a continuous mass of
protoplasm, surrounded externally by a cell wall
and penetrated internally by numerous transverse
and longitudinal partitions.’

My conception receives strong support from the
way in which Vochting set forth the relations of
the cell to the whole:

‘Is the circumstance that a cell, separated from
the organism, is able to survive and build up the
whole again a proof of the independent life of the
cells while in the organism ? 1 believe it to be
only a proof that the life of the organism is always
dependent upon the cell, that the life is inherent
in the cell, and that the life of a compound
organism is merely the resultant of the vital
phenomena of its single cells; but by no means
that the cell when isolated displays the same
functions as while it i1s a part of the organism.
The cell while in the organism and the cell
separated from the organism and self-sufficing, are
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quite different. We must regard the functions of
a cell that is part of an organism, disregarding
external influences, as determined by the whole
organism, and only by the cell itself, in so far as
that forms a greater or less part of the whole
organism. When not part of an organism, the cell
1s Independent, and entirely determines its own
function. Nowhere is it easier than in this case to
confuse possibilities with facts, and nowhere is the
confusion more fatal. From a morphological point
of view, one may confidently regard the cell as an
individual ; but it must be borne in mind that an
abstraction has been made. Physiologically con-
sidered, the cell is an individual only when it is
isolated from a complex and is independent; of
this no abstraction can be made.’

According to the conception I have been explain-
ing, cells merge their independent individuality in
that of the whole, and so the force that directs
their ultimate development, and that leads to their
appropriate elaboration, cannot be within them,
cannot reside in special groups of determinants,
in the sense of Weismann. It is given by the
relations in which the cells come to stand to the
whole organism and to the various parts of the
organism, and, on the other hand, to surrounding
things. Naturally, such relations differ with the
place or position occupied by cells in the whole
organism, and in this way there come to be in-
numerable conditions making for diverging direc-
tions of development, for division of labour, and
for dissimilar, histological differentiation. The
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part played by a cell, as Vochting puts it, will
depend upon the position it comes to assume in the
whole living unit. To use an expression of Driesch’s,
dissimilar differentiation of cells is a ¢ function of
position.” Such a conception my brother and I, in
our Studies on the Germ-layer Theory, sought to
establish clearly by many examples from the
histology of the coelenterates and of higher animals ;
such a conception for long has been clearly ex-
pressed 1n physiological botany.

The simpler nature of plants in structure and
function makes it easy to conduct experimental
observations upon this point.

I have already described how either side of the
prothallus of a fern may be made to produce male
or female organs, according as it is kept in the
light or in the dark. Similarly, taking a willow
slip, roots may be made to appear at one end by
moisture and darkness, while they will not appear
on the end kept in the light.

The experiments of botanists and of fruit-growers
show that young buds and the rudiments of roots
are indifferent structures, the further growth of
which depends entirely upon the conditions in
which they are placed. *‘One and the same bud
may grow to a long or short vegetative shoot, to a
floral shoot, to a thorn, or may remain undeveloped.
The same root rudiment may grow to a main tap-
root or may form a secondary lateral root. The
conditions that determine the mode in which these
structures will develop are quite within the power
of the experimenter. We have shown already
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and could show further, that he is able to determine
the mode of growth by cutting, bending, tying in a
horizontal position, and so forth.” For such reasons,
Vochting describes plants as masses of tissue,
practically plastie, and which may be moulded at
the discretion of the investigator. *For instance,
in the case of Prunus spinosa, a branch may be
produced in place of a thorn by cutting a growing
shoot at the proper height, in spring. The buds
below the point where the cut was made turn to
shoots like the rest of the plant and complete the
interrupted growth, while on an uncut stem they
would have grown to thorns. Thus, the rudiment
of a thorn has been changed to that of a shoot’
(Vochting).

Although it is more difficult to carry out experi-
ments upon animals, some good instances are
known. If a piece cut from the stem of Amntennwu-
larie (a hydroid polyp) be placed vertically, in a
short time new branches and new ‘roots’ spring
from it. In this case, again, the position of the
new growths is determined by the relation in which
the stem 1s placed to gravity. ‘The tentacles arise
only at the end turned towards the zenith; the
“roots” from the parts directed towards the ground’
(Loeb).

A similar example may be taken from among
vertebrates. The notochord arises from a set of
cells which are in close relation with the fused tips
of the blastopore. By exposing developing frog’s
eggs to abnormal conditions, I was able, in some
cases, to produce a hypertrophy of one of the lips
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of the blastopore. When fusion of the lips took
place the normal lip united with the rim of the
protruding hypertrophied lip. As a result of this
the notochord and the nerve plate came to arise, not
from the usual set of cells, but from those cells that,
by the abnormal condition, had come to lie in the
place for the notochord. The protruding cells,
which normally would have developed into noto-
chord and nerve plate, grew into a simple fold of the
external skin.,

Moreover, it is well known in pathology that
mucous membranes may lose their proper char-
acter and assume the qualities and aspect of the

external skin, when, as in cases of prolapse, fistula,
ete., they have been exposed for some time to thed

alr,

The relations of different parts to each other and
to the whole are known as correlations. Correla-
tion exists in all the stages of the development
of an organism, sometimes in one way, sometimes
in another. One must note very carefully that
Weismann’s doctrine of determinants, according to
which all that happens in development follows a
prearranged plan, is entirely in opposition to this
correlative character of the changes that occur
during development.

Here I shall give a few quotations from botanical
and zoological writers :

“ If the stem of a plant be cut so that it retains
1ts roots, but is deprived of leaves and shoots, then
the adventitious buds will produce new leaves
and shoots. If, however, the stem be cut so as to
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deprive it of roots, then the same cells that in the
other case produced leaves and shoots will now
produce roots. Precisely the same occurs with a
piece of the root. In fact, it appears as if the idio-
plasm knew what parts of the plant were wanting,
and what it must do to restore the integrity and
vital capacity of the individual” ‘The idioplasm
in the remaining part of a plant must be affected
when an important part has been removed, because
the idioplasm of the lost part is no longer capable
of having influence.” ‘It is clear enough that
necessity acts as a stimulus, and that each definite
need calls into existence the appropriate reaction.

These are Naegeli’s views, and they have been
elaborated by Pfliuger in his important treatise on
The Teleologvecal Mechanism of Living Natwre
(1877).

Voehting writes in similar fashion :

‘In a tree that is growing under normal condi-
tions, without being subjected to injury, all the
organs appear in definite relation to each other:
so many leaves correspond to a definite number
of twigs and branches. These spring from a stem
of proportionate thickness, and the stem passes
into a definitely proportioned tap-root, from which
arise a due array of lateral roots. In normal
conditions all these organs are in equilibrium. An
apple-tree, growing on the line where tilled garden
ground meets a lawn, grows more vigorously on
the side towards the garden. If one of the roots of
an apple-tree with three main roots and three
branches be amputated, then the correspond-
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ing branch will lag behind in growth, although it
may not absolutely perish.” ¢The equilibrium
varies according to the specific nature of the tree.
It is shown in one way in the oak, in another in the
beech, and is different in the varieties of a species.’

Finally, consider this statement from Goebel’s
Treatise on the Morphology and Physiology of the
Leaf: ‘The fact that lateral buds do not develop
while the axial bud is still growing vigorously
depends upon the relation between the two. That
I denote as correlation of growth.’

The dependence of parts upon each other, and
upon the whole, is specially clear and instructive in
cases where different plant individuals are united by
budding or grafting, To limit the growth of a
tree, and to iInduce it to become dwarfed, it 1s
necessary only to graft it upon a nearly allied but
dwarf variety. When a pear-tree is grafted upon
the quince, which is characterized by its dwarf-like
growth, the vegetative growth of the pear is re-
duced exceedingly. It produces shorter and
weaker shoots; all the dwarf varieties of the pear
employed as wall fruits, or growing into the little
pyramids spoken of in the trade as ‘ cordon ’-trees
and potting-trees, could not have been produced
unless the gardener had had the quince as a
natural dwarf stock (Vochting). With the dwarf-
ing is associated a freer and earlier production of
fruit. Other kinds of fruit-trees, apples, apricots,
and so forth, show the same course. :

‘The capacity to withstand external influences
and the duration of life may be altered in the same
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way. The pistachio (Pistazia vera), cultivated In
Frankfort, which is destroyed by a temperature
lower than 7-5 degrees of frost, will survive 125
degrees if it has been grafted upon P. terebinthus.
Moreover, when it is grown from a seedling, it may
reach the age of 150 years; but when it has been
grafted upon P. terebinthus its length of life 1s n-
creased to 200 years; while, grafted on P. lentiscus,
it reaches only about 40 years’ (Vochting).

Vichting’s experiments upon beetroot are still
more characteristic. ‘The stem of a beet plant
that bore young buds gave rise to vegetative
shoots when it was united with a young, still grow-
ing root, but to a blossoming stem when it had
been grafted, in spring, upon an old root.’

Similarly, animal growth is correlative in all its
stages. When a muscle becomes unusually large 1t
sets up corresponding correlations of growth in
many other parts of the body. The bloodvessels
and nerves supplying it become larger, and the
increase in the nerves leads to corresponding in-
crease in the nerve centres. The tendons of
origin and of insertion, and the parts of the skeleton
to which these are attached, must react to the in-
creased size of the muscle by growing larger; in
fact for all the parts of the animal body the con-
clusions ‘which Naegeli and other physiologists
drew from plants are applicable. All the different
elements of the body are in definite and intimate
touch with each other.

This is shown most beautifully and clearly in the
extraordinarily interesting phenomena called di-
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morphism and polymorphism, These seem to me
to show how very different final results may grow
from identical rudiments, if these, in early stages
of development, be subjected to different external
influences.

Fimally, I have a little to say about the sexual
dimorphism that occurs so generally in the animal
kingdom.

Nearly all kinds of animals appear as male or
as females. These differ from each other not only
in that they produce eggs or spermatozoa, but
frequently in a number of more or less striking
characters affecting different parts of the body, and
known as secondary sexual characters. In fact,
the difference between the sexes may be so great
that a systematic naturalist, unacquainted with the
mode of development of the creatures, might place
them in different species, genera, or even families,
on account of the striking differences in external
characters.

As an instance, take Bonellia, a gephyrean, the
strange case of which has been remarked upon by
Hensen and by Weismann. The male is about a
hundred times smaller than the female, in the
respiratory chamber of which it lives as a kind of
parasite, and appears, so far as outward shape goes,
more like a turbellarian than a gephyrean. None
the less, male and female are alike not only while
they are in the egg, but as larve, and it is only
towards the period of sexual maturity that the
great difference between them begins to appear.
So also is it with the dwarf males of the cirripedes.
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Males and females, whether they be more or less
unlike, arise from the same germinal material.
The germinal material itself 1s sexless ; that is to say,
there is not a male and a female germinal material.
The phenomena of inheritance in the sexual genera-
tion of hybrids show this clearly. Characters appro-
priate both to males and to females are transmitted
either by eggs or by spermatozoa. In partheno-
genetic animals both male and female individuals
appear at definite times from eggs produced without
sexual commerce. Whether the male or the female
forms be produced depends, not upon any difference
in the germinal material, but on the external influ-
ences, just as external influences determine whether
the bud on a twig shall give rise to a vegetative or
to a flowering shoot, to a thorn or to a stem.
The influence of food, of temperature, or probably
of other agencies, determines in which direction
the germinal material shall grow.

The experiments of a distinguished French
investigator, M. Maupas, on the determination of
sex In Hydatina senta, a rotifer, have given
striking results.

In Hydatine, under normal conditions the eggs
of certain individuals give rise always to males, of
others always to females. By raising or lowering
the temperature at the time when the eggs are being
formed in the germaria of the young temales, the
experimenter is able to determine whether these
eggs shall give rise to males or to females. After
that early time the character of the egg cannot be
altered by food, light, or temperature.
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In one experiment, in which five females not yet
fully grown were kept in a room at the tempera-
ture of 26 to 28 degrees centigrade, Maupas found
that, of 104 eggs only 3 per cent. gave rise to
females, while in the case of other five young
females of the same brood, but kept in a cold
chamber at a temperature of 14 to 15 degrees
centigrade, 95 per cent. of females were produced.
In another experiment, young animals were kept
for a few days in the cold, and then, until death, in
a higher temperature. Of the eggs produced while
in the cold, 75 per cent. produced females, of those
deposited in the warmth, 81 per cent. became males.

With these results may be compared what
happens with many plants. Melons and cucumbers,
which produce on the same stem both male and
female flowers, bear only male flowers in high
temperatures, only female flowers when subjected
to cold and damp.

In the case of many insects in which partheno-
genesis occurs, the determination of sex depends
upon fertilisation. Thus, among bees, unfertilised
eggs give rise to drones, fertilised eggs to females.

Sexual dimorphism in still another way reveals
the intimate interactions existing between all the
parts of an organism in every stage of develop-
ment. It is well known, for instance, that among
animals the early removal or destruction of the
sexual organs hinders the development of the
secondary sexual characters, or even may occasion
the appearance of the characters of the other sex.
Old hens become cock-feathered ; human eunuchs
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have the high-pitched voice and the peculiarities
of the larynx found in women.

As much as sexual dimorphism, the phenomena
of polymorphism show the enormous influence
exerted by external forces upon correlated varia-
tion of the parts during development, and in this
way upon the final structure.

In the question of polymorphism it is worth
while to discuss at some length the extreme poly-
morphism exhibited in the case of some of the
colonial animals—first, because the matter has
recently occasioned an important controversy be-
tween Herbert Spencer and Weismann; and,
secondly, because the discussion will serve to
make still more clear the difference between my
views and those of Weismann upon the nature of
the process of development.

Among the colonial insects there arise, In
addition to males and females, sexless individuals
known as neuters. These in certain cases are very
different from both males and females in structure
and 1n social instinets.

Among bees there are the queens, sexually
mature females ; the workers, females whose sexual
organs are rudimentary, and parts of whose bodies
—the stings, the wings, the hind legs, with their
pollen-collecting apparatus—are peculiarly formed;
and, lastly, the males, or drones.

In many of the ant and termite colonies still
oreater differences exist between the different sets
of individuals. In addition to males and females,
there are sexless workers, and these in many species
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are of two kinds, known as workers and soldiers.
The divergences of structure among the three or
four forms are shown, frequently by considerable
differences in size, by the presence and absence of
wings, by differences in the sense-organs, the brain,
and the structure of the head. In the common
ant—~Solenopsis fugazx, for instance, as Weismann
quotes from Forel—the males have more than
four hundred facets on their eyes, the females
about two hundred, and the workers from six to
nine. Many soldiers possess enormously large and
heavy heads, with massive jaws, and naturally,
with the appropriate muscles much enlarged.

But as workers and soldiers, on account of the
rudimentary state of their sexual organs, cannot
reproduce themselves, all the three or four kinds
of ants in the colony must be developed from eggs
deposited by the females. In this Weismann finds
the most convincing proof of the omnmipotence of
natural selection, and, I venture to add, for the
omnipotence of his doctrine of determinants.

He says (Contemporary Review, vol. Ixiv.,
p. 313): ‘It fortunately happens that there are
animal forms which do not reproduce themselves,
but are always propagated anew by parents which
are unlike them. These animals, which thus
cannot transmit anything, have nevertheless varied
in the past, have suffered the loss of parts that
were useless, and have increased and altered
others; and the metamorphoses have at times
been very important, demanding the variation of
many parts of the body, inasmuch as many parts
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must adjust themselves so as to be in harmony
with them. ‘None of these changes’ (p. 318)
‘can rest on the transmission of functional varia-
tions, as the workers do not at all, or only ex-
ceptionally, reproduce. They can thus only have
arisen by a selection of the parent ants, dependent
on the fact that those parents which produced the
best workers had always the best prospect of the
persistence of their colony. No other explanation
is conceivable, and it is just because no other ex-
planation is conceivable that it is necessary for us
to accept the principle of natural selection.’

According to Weismann’s conception, ‘every
part of the body of the ant’ (loc. cit., p. 326) ‘ that
is differently formed in the males, females, and
workers is represented in the germplasm by three
(sometimes four) corresponding determinants; but
on the development of an egg never more than
one of these attains to value—i.e., gives rise to the
part of the body that is represented—and the
others remain inactive’ This structure of the
germplasm Weismann attributes to the operation
of selection. ‘Forin the ant state’ (loc. cit., p. 326)
‘the barren individuals or organs are metamor-
phosed only by the selection of the germplasm,
from which the whole state proceeds. In respect
of selection, the whole state behaves as a single
animal. The state is selected, not the single indi-
viduals, and the various forms behave exactly like
the parts of one individual in the course of ordinary
selection.’

Naturally, from the views on the germplasm
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theory and on the doctrine of determinants that I
have expressed in this book, I cannot accept the
explanation Weismann thus gives of the facts. It
1s true that Weismann holds his own explanation
to be the only conceivable explanation. ‘For there
are only two possible a priori explanations of
adaptations for the naturalist, namely, the trans-
mission of functional variations and natural
selection’ (loc. cit., p. 336) ; ‘but as the first of these
can be excluded’ (on account of the infertility
of workers and soldiers), ‘only the second remains.’

But are the alternatives really only as Weis-
mann suggests ? Is there no choice left for the
naturalist ?

When I was reading his All-sufficiency of
Natwral Selection, kindly sent me by the author,
it came into my mind that I could not accept-his
~ dilemma. For the different individuals in the
insect states may be explained in a third way—in
a way overlooked by Weismann. This third ex-
planation is nothing more than the subject of all
this treatise of mine. It is that, in obedience to
different external influences, the same rudiments
may give rise to different adult structures.

I am glad that the same answer has been made
to Weismann’s All-sufficiency of Natwral Selection
by two biologists, Herbert Spencer and Emery,
simultaneously with mine. Emery, a specialist
upon the structure of ants, and Herbert Spencer,
relying upon the investigations of several English-
men, have sought to prove that the differences
between the individuals in the colonies of ants,
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bees, and termites, have been slowly called into
existence by the operation of external influences
affecting the egg in its situation and food during
development.

It has been shown fully by experiment and by
observation that the fertilised eggs of the queen
bee may become either workers or queens. This
depends merely on the cell in the hive in which
the egg is placed, and on what food the embryo is
reared. In the specially large cells, known as
queens’ chambers, and with specially nutritious
diet, they become queens. With poor food, and
in smaller cells, they become workers. KEven if
worker larve be supplied in time with a richer
diet, they may be turned into queens.

Similarly, the differences that exist among
termites and ants, as Emery shows, may be de-
scribed as polymorphism due to food. The Italian
zoologist, Grassi, has shown that termites have it
in their power to alter the relative numbers of
workers and soldiers, and to produce as many of
the latter as may be required, and they are able to
accelerate the sexual maturity of other individuals
by supplying nourishment suitable for stimulating
the maturation of the genital organs.

Emery explains this polymorphism by attri-
buting it to the general laws of growth in the
insect organism under the influence of different
external stimuli. He thinks that ¢ the production
of workers depends upon a special capacity of the
germplasm to respond to the abundance or scanti-

ness of certain nutritive materials by a greater
9
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growth of certain parts of the body, and a lesser
growth of other parts. Workers’ food stimulates
growth in the jaws and brain, retards growth in
the wings and sexual cells. Queens’ food has the
opposite action.” There is a correlation between
retardation of the sexual glands and acceleration
of the development of the head, just as in verte-
brates there is a correlation between the sexual
glands and the secondary sexual characters. ‘The
characters by which the workers differ from the
queens, therefore, are not innate, but are produced
secondarily.’

Quite independently, but simultaneously, Herbert
Spencer has suggested the same explanation as
Emery. Moreover, he has used the conditions that
exist among the state-forming insects as a strong
argument against Weismann’s doctrine of deter-
minants. The observations of many careful persons,
such as Charles Darwin, Emery, and others, show
that in many species of ants the extreme types of
individuals are connected by many intermediate
forms. (Apud Emery, this is the case In many
Myrmicide, in most Camponotide, and 1n Azteca.)
These forms are transitional, not only in general
size, but in the degree to which the genital organs
have been arrested, and in the peculiarities of
the jaws.

Spencer explains these transitional forms, and I
agree with him, by supposing that the stoppage in
food supply has taken place at different times after
development has begun. (‘It must happen that
the stoppage of feeding will be indefinite.”) Thus,
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the existence of transitional forms presents no
difficulty on the theory of the agency of food. But
how can the doctrine of determinants be applied
toit? ¢If he is consistent’ (says Spencer, Con-
temporary Review, Ixiv., p. 901), ¢ he must say that
each of these intermediate forms of workers must
have its special set of “determinants,” causing its
special set of modifications of organs ; for he cannot
assume that while perfect females and the extreme
types of workers have their different sets of deter-
minants, the intermediate types of workers have
not. Hence we are introduced to the strange con-
clusion that, besides the markedly distinguished
sets of determinants, there must be, to produce
these intermediate forms, many other sets slightly
distinguished from one another—a score or more
kinds of germplasm, in addition to the four chief
kinds. Next comes an introduction to the still
stranger conclusion, that these numerous kinds of
germplasm producing these numerous intermediate
forms are not simply needless, but injurious—
produce forms not well fitted for either of the
functions discharged by the extreme forms, the
implication being that natural selection has origin-
ated these disadvantageous forms. If, to escape
from this necessity for suicide, Professor Weismann
accepts the inference that the differences among
these numerous intermediate forms are caused by
arrested feeding of the larve at different stages,
then he is bound to admit that the differences
between the extreme forms, and between these and
perfect females, are similarly caused. But if he
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does this, what becomes of his hypothesis that the
several castes are constitutionally distinet, and
result from the operation of natural selection ?

My course of thought leaves me with little to
add to this ecriticism by Spencer. In this case, as
in many others that I have pointed out, Weismann
makes his usual mistake. He incorporates in the
rudiment what really are stimuli coming from
external conditions during the process of develop-
ment ; he makes a grave confusion between the
rudiment and the conditions of its development.

In my view, in these cases of polymorphism in
the colonies of insects Nature exhibits a series of
most important experiments, and their plain
meaning is that the same germinal material, when
subjected to different external influences, may
produce very different final products. When from
the neutral germinal material of an insect egg
there is produced a male or female creature, or a
worker or soldier (as this or that influence acts),
the process is no other, and presents no greater
difficulties, than when an experimenter, taking the
young bud of a plant, according to the conditions
to which he subjects it, can turn it into a vegeta-
tive or into a reproductive shoot, a thorn or a root;
no different to what occurs when the investigator,
cutting into a Cerianthus, produces a second or
third mouth, surrounded by tentacles, or in the
case of (ione surrounded by eye-spots.

It has been shown, I think, in these pages that
much of what Weismann would explain by deter-
minants within the egg must have a cause outside
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the egg. The chief factors in the process of
development we have found to be: (1) The multi-
plication of cells by division (growth as a moulding
factor) ; (2) the relations of cells to their external
environment (position in its widest sense as a
factor); (3) the interrelations of the parts of a
whole (cells, tissues, and organs) to one another
and to the whole (correlative development). There
remains to be considered the extent to which the
germinal material in the egg determines the course
of development of the organism. Here, before all
things, it must be insisted that the individual
nature of the cell determines the specific fashion in
which the cell will react to the varying stimuli
coming from varying conditions. The same agency
produces very different results upon different
organisms. These differences must be attributed
to the differences in the nature (different intimate
structure) of the active material.

Sachs speaks strikingly on this point (Physiology
of Plants, p. 602): ‘If the same external cause
induces exactly opposite effects in the organs, the
explanation of this must simply be sought in the
different structure of the organs. If one organ,
when illuminated from one side, becomes curved
so as to be concave on the side turned towards the
centre of light, while another becomes convex on
that side, the cause can only lie in the internal
structure of the organ. But it is just on such
differences of structure that the great variety of
reactions which the most different plant organs
exhibit towards the same external influences
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depends; and, fundamentally, all that we term
biology—the mode of life of organisms—depends
upon the fact that different organisms react dif-
ferently towards the same external influences, and
these reactions differ not only qualitatively, but
also quantitatively, the finest gradations existing in
both cases.’

For instance, in a plant-embryo roots are pro-
duced at the lower end under the influence of the
soil and of gravity. But it is upon the specific
nature of the protoplasm of different kinds of
plants that the special shape of the whole root
system depends: whether, for instance, the root
system ramifies superficially or strikes deep into
the soil; whether the rootlets grow quickly or
slowly ; in what fashion they fork, and whether or
no they form special structures like bulbs.

Thus, even from my point of view, explanation
of the process of development requires the as-
sumption of the existence of different kinds of
germinal material in different kinds of organisms.
These germinal substances must be possessed of an
extraordinarily complex organisation, and must be
able to react in specific fashion—that is to say, in
a fashion different in each species—to all the
slightest internal and external stimuli encountered
from time to time as the organisation becomes
formed by cell division.

In this sense I agree with what Naegeli says:

‘The egg-cells contain all actual specific char-
acters as truly as the adult organisms; when they
exist in the condition of eggs, organisms are as

L e ke a
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distinet from each other as in the adult condition.
The species is present as truly in the fowl’s egg as
in the fowl, and the egg of a fowl differs as much
from the egg of a frog as the fowl differs from the
frog. Men,rodents, ruminants, invertebrates display
more or less important and outwardly visible dif-
ferences in constitution ; so also the sexual cells to
which they give rise, since they represent the
rudiments of the future adults, must be different
from each other in the constitution of the rudi-
ments, although we are not yet able to prove these
differences by observation.’

In this assumption of a specific and highly-
organized germinal substance with which a develop-
ment begins, I agree with evolutionists; but in its
details my conception is quite different from their
conception. For I can ascribe to the germinal
substance only such characters as are appropriate
to the true nature of a cell, but I cannot ascribe to
it the numerous characters that can come Into
existence only by the interrelations of many cells
and the action of the environment.

Haacke, in his recently-published book (Gestal-
tung und Vererbung), has expressed a doubt that
my conception of development is, after all, a pre-
formational theory. ‘For preformation,” he says,
‘it is not necessary to imagine that the egg contains
a miniature of the adult. If only, like Hertwig,
one assumes to be present in the germinal material
a prearrangement of qualitatively different idio-
blasts, one has steered into the harbour of pre-
formation with all sails set.’
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In reply, T plead that, like Naegeli, De Vries,
Driesch, and others, I have tried to blend all that
is good in both theories. My theory may be called
evolutionary, because it assumes the existence of a
specific and highly-organised initial plasm as the
basis of the process of development. It may be
called epigenctic, because the rudiments grow and
become elaborated, from stage to stage, only in the
presence of numerous external conditions and
stimuli, beginning with the metabolic processes
preceding the first cleavage of the egg-cell, until
the final product of the development is as different
from the first rudiment as adult animals and plants
differ from their constituent cells.

To explain more clearly my conception of the
nature of the process of development, especially in
the relations that I conceive to exist between the
rudiment and the adult, I shall conclude by revert-
ing to my comparison between a human community
and an organism.

As a man arises from an egg-cell by cell
multiplication and cell differentiation, so the
human community, a composite organism of a
still higher nature, has arisen from separate human
beings as its starting-point.

Culture and civilization are the wonderfully com-
plicated results of the co-operation of many in-
dividuals united in society. By the manifolding
of their relations and their combinations, men in
society have brought about a higher complexity
than man, left by himself, ever would have been
able to develop from his own individual properties—
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a complexity that has arisen by the interaction of
the same characters of many men in co-operation.

Similarly the activity of the egg in growth
and cell-formation is an inexhaustible source of
new complexity ; for the self-multiplying systems
of units, always binding themselves into higher
complexes, continually enter into new interrelations,
and afford the opportunity for new combinations of
forces—in fact, of new characters.

Both cases—the course of the development of
the egg-cell into a man, and of men into a state—
depend upon epigenesis, not upon evolution.

The comparison may be carried into details.

The more complex and higher organisation of
human society occurs in this fashion: of the
numerous single individuals, all of which are
endowed with the various incipient human char-
acters, some individuals elaborate some incipient
characters, others other characters, and these come
to play correspondingly different parts. The special
differentiation undergone by any individual depends
upon the special place he comes to occupy in the
whole of which he is a part, not upon really
different organisation residing in him from his
birth. Beside those characters which have de-
veloped specially in his case, there lie dormant the
rudiments of all the characters possessed by men,
and, under different conditions, these might have
come to development.

Differentiation in multicellular organisms takes
a similar course. Every cell, by doubling division
of the egg, receives all the rudiments of its kind ;
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of these rudiments, some in one set of cells, others
in another, come to develop, according to the part
of the whole in which the cells come to lie during
the progress of the development, and according to
the relations to the whole they come to assume.
Thus, here they assume the characters of the external
skin; there, they become gland-cells of the intestine ;
here, muscle-fibres; there, sense-cells or nerve-cells ;
in one place they serve the whole organism, in the
form of blood-corpuscles, as agents for nutrition
and respiration ; there, becoming connective tissue
or bone, they form skeletal elements of the body.

Thus, during the course of development, they are
forces external to the cells that bid them assume the
individual characters appropriate to their individual
relations to the whole ; the determining forces are
not within the cells, as the doctrine of determinants
supposes. The cells develop those characters that
are suggested by their relation to the external
world and their places in the whole organism.

But I must insist here that the subordination of
the cells to the whole organism, in both multicellular
animals and in plants, is much more complicated
than that of the units to the human state. In the
latter case, the individuals are separate from one
another; they are independent organisms and are
bound together only in social relations. None the
less, consider how in a civilized state the apparently
sovereign individual is conditioned in all his circum-
stances; how each change in the general state
exercises an influence on the individual’s disposi-
tion freedom of will, and method of life (dwelling,
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food, institutions, health); then reflect how much
greater in the animal and the plant is the domina-
tion of the whole, and the subordination of the units,
as in them cell is directly joined to cell—indeed,
in most cases united materially by threads of proto-
plasm. In such cases the self-sufficiency of the
cell as an elementary, living organism is so far pre-
vented, that it becomes a subordinate part, with its
function in dependence on the whole.

One other point our comparison will make
clearer: I refer tothe relation of the specific nature
of the rudiment to the specific nature of the pro-
duct of the rudiment.

The different organisations and qualities of the
communities formed by different animals may be
explained by the special characters of the animals
forming them. Those of the bee colonies depend
on the nature of bees; of ant colonies on the
nature of ants; of the societies of men on the
nature of men ; indeed, in the latter case we see how
they differ as they are formed by Italians, Germans,
Slavs, Turks, Chinese, or Negroes. Similarly, the
specific organisation of the cell determines the kind
of animal which may be built up by it.

In my theory two assumptions of totally con-
trasting nature are made : I assume a germplasm
of high and specific organisation,and I assume that
this is transformed into the adult product by epige-
netic agencies. To a certain extent, therefore, I
reconcile the opposition between evolution and epi-
genesis, these opponents so prominent last century.

But my theory does not pretend to explain all
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the many problems involved in the course of organic
development. In this respect it differs from
Weismann’s doctrine of determinants, as that
is a closed system, finding within itself a formal
explanation of all development. So far it seems to
me an abandonment of explanation rather than an
explanation ; for it explains by signs and tokens
that elude verification and experiment, and that
cannot encounter concrete investigation. His ex-
planation is no more than a description, in other
words, of the visible events of development. To be
more than this, it would be necessary to explain
how in each case the biophores and determinants
and ancestral plasms are constituted, and how they
are arranged in the architecture of the germplasm
so as to produce the development of the egg-cell in
this or that fashion. It must, at the least, offer
such possibilities as the structural formule of
chemists offer. But in the present stage of our
knowledge Weismann’s method is unpromising ;
it merely transfers to an invisible region the
solution of a problem that we are trying to solve,
at least partially, by investigation of visible char-
acters; and in the invisible region it is impossible
to apply the methods of science. So, by its very
nature, 1t is barren to investigation, as there is no
means by which investigation may put it to the
proof. In this respect it is like its predecessor,
the theory of preformation of the eighteenth
century.
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A

ACINETA, a group of protozoa,
development of, 41.

Acquired characters, question
of their inheritance, x.

Amphioxus, a marine animal,
representative of the primi-
tive vertebrate stock, experi-
ments on eggs of, 61.

Anabolism, the formation of
more complex chemical
bodies by the agency of pro-
toplasm, 86.

Animal cells, characteristic
mode of growth, 111.

Antennularia, Loeb’s experi-
ment, 117.

Ants, polymorphism in, 125.

Ascidians, tunicate animals, 46.

Atavism, the oceurrence in an
organism of a character ab-
normal in it, but normal in
an ancestor, 24.

B

Bees, polymorphism in, 125.

Beetroot, grafting experiments,
121.

Begonia, reproduction from
leaves, 46.

BERT, experiments on rats, 73.

BerEsowsky, skin-grafting, 75.

BEYERINCE, upon galls, 51.

Biophores. Each determinant,
according to Weismann, is
composed of a number of
ultimate living pieces, the

biophores, which are the
active agents that direct the
funetions of a mature cell,
ix, 22.

Blastosphere, an early stage in
embryonic development; the
embryo consists of a hollow
sphere, the walls of which
consist of a single layer of
cells, and the cavity of which
is called the segmentation
cavity, xvii; explanation of
formation, 97, 98.

Blood, transfusion of, 75.

BLUMENBACH, nisus forma-
tiwus, 5; upon galls, 50.

Bone-grafting, 73, 74.

Bonellia, sexual dimorphism in,
1232,

Bryozoa, a group of minute
animals which form enecrus-
tations on seaweeds and
stones, 46.

Buds, origin of, 28 ; reproduc-
tion and regeneration by, 46.

C

Cell, description of, 31 ; charac-
ters possible in, 88; differen-
tiation of, in development,
112 ; as units in morphology
and physiology, 113 ; Sachs
on, 114 ; Voichting on, 114,
116.

Cell theory, relation of, to
heredity, 31.

Centrosome, an organ of cells
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most obvious during nuclear
division, 93.

Cerianthus, experimental het-
eromorphoses, 51.

CuaBry, destruction of segmen-
tation sphere, 62.

Chromatin, a material found
in the nuecleus of cells, so
called because it absorbs
stains with avidity : germ-
plasm and, viii, xiv; relation
of, to specific character of
cells, 36, 37.

Chromosomes, definite, visible
bodies, as which the chroma-
tin of a dividing nucleus
appears, xiv, 93.

Crystal, growth of, compared
with organic growth, 108.
Cione, experimental hetero-

morphoses, 52.

Clavellina, reproduction from
buds, 46.

Cleavage - planes, the planes
separating the daughter-
nuclei, or daughter-cells, in
the early division of a fer-
tilised egg-cell, xvii ; relation
between appearance of, and
structure of eggs, 95.

Ceelenterata, a major division
of multicellular animals, in-
cluding such creatures as
sea-anemones, corals, and
jelly-fish, 46.

Continuity of the germplasm,
26.

Continuity of life, the doctrine
opposed to spontaneous gene-
ration, 2.

Correlations, 118, 121.

D

DARWIN, pangenesis, 21.
Determinants. Each
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germplasm is supposed by
Weismann to be composed
of minor pieces, arranged in
a complicated fashion that
is the result of the past
history of the species. For
every part of the body, large
or small, that may be dif-
ferent in different individuals
or species, there is, at least,
one determinant in the d.
The determinants are so
grouped in the 4d that they
are liberated and become
active when the time comes
for the development of that
part of the body they con-
trol, wviii, 22; ar ents
against, 82; relation to cells,
87. '

Determinates, the smallest
parts of an organism which
vary independently, and
which are supposed by Weis-
mann to be represented in
the germplasm by special
pieces, 23, 25.

Differentiating division, such a
division of the nucleus as
would result in daughter-
nuclei unlike each other, and
unlike the parent nuecleus.
The qualities of the parent
nucleus are supposed to have
been distributed between the
daughter-nuclei, xi; absence
of visible evidence for, xv,
25 ; objections to occurrence
of, 34, T8.

Dimorphism, the appearance
of the same species in two
different forms, sexual di-
morphism, 122, 124,

Disharmonic union in graft-
ing, 70.
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Double monsters, as examples
of heteromorphosis, 63.

Doubling division. When an
amoeba reproduces by simple
division, the daughter-amce-
be are identical, and each
is identical with the parent
except in size; from one
amocba two have been
formed. A doubling division
of the nucleus is such as
would result in the forma-
tion of two nuclei alike in
every respect, ix; visible
evidence for, xv, 24; iIn
unicellular organisms, 40;
occurrence of, with differen-
tiating division, 78.

DriEscH, experiments on eggs,
54 ; separation of segmenta-
tion spheres, 60.

E.

Echinoderms, agroup of marine
animals, of which the star-
fish is the most familiar type,
eggs of, 54.

Echinoidea, a group of echino-
derms, 61.

Ectoderm, the tissue in an
adult derived from the epi-
blast (which see), 19.

Egg, relation between structure
and division of, 94 ; specific
character of, 135.

EMERY, on polymorphism in
ants, 128.

Endoderm, . the tissue in an
adult, derived from the
hypoblast (which see), 19.

Enfoldment. See Evolution.

Epiblast. In the development
of all multicellular animals,
the young embryo soon be-
comes divided into two sets
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of cells, the epiblast and
hypoblast ; where a gastrula,
is formed, the outer layer of
cells is the epiblast, the inner
layer the hypoblast, xviii.

Epigenesis, the doctrine that
the formation of a new indi-
vidual is not the mere out-
growing of particles hidden
in the egg-cell, but the result
of moulding external forces,
xiii ; Roux’s definition of, 7 ;
Weismann’s denial of, 9;
epigenetic explanation of
stages in development, 98;
summary of Hertwig’s ac-
ceptance of, 136.

Evolution.  Originally the
term was applied, not to the
origin of existing forms of
life from common ances-
tors, but to the doetrine that
every living creature con-
tained within it the whole
series of its future descend-
ants, and that the growth of
a living creature was evolv-
ing of one of these enfolded
miniatures, xiii, 1, 2, 3;
Roux’s contrast of, with epi-
genesis, 6; the new evolu-
tion, 10; Hertwig's partial
agreement with, 185, 136.

Experiment, Weismann’s cau-
tion against, 10.

F.

Fertilisation, the union of the
nuclear matter of a male cell
with the nuclear matter of a
female cell, xii, xiv.

Foraminifera, a group of pro-
tozoa provided with shells,
44,

ForerL, on eyes of ants, 126,
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Frogs' eggs, Hertwig's experi-
ments upon ; development of,
under compression, 57-60.

Funaria, reproduction from
chopped pieces, 46.

G.

Galls, 50.

Gastrula, an early embryonic
stage, most simply formed
from the blastosphere by the
invagination of one side of
the wall, and consisting of
a hollow sac, the walls of
which are formed by two
layers of cells, xviii, 60 ; for-
mation of, 99,

Gemmules. See Pangenesis.

Germ, the youngest embryonic
stage of an individual or
organ, 10.

Germplasm, the substance sup-
posed to be the material
bearer of inherited qualities :
Weismann’s conception of,
viii, 20; identification of,
with nuelear matter, 21 ;
account of Weissmann's
theory, 21-28.

Germ-tracks, the hypothetical
paths along which germ-
plasm passes in an un-
altered condition during
development, 27 ; objections
to, 81.

GorBEL, on plasticity of plants,
120.

Grafting, 68, 70 ; of Hydra, 72;
bone-grafting, 73, 74 ; skin-
grafting, 74, 120, 121,

GrassI, polymorphism due to
food, 129,

Gregarines, a group of parasitic
protozoa, development of,
41.

H.

Haackg, declaration that Hert-
wig is evolutionary, 135,

He@emoglobin, the red colour-
ing matter of blood, 75.

Harmoniec union in grafting,
70.

Heteromorphosis, explanation
of, 49; cases of, 51, 52;
embryonic cases, 54.

His, presence of foci in the
germ, 13.

Histogenous, producing miero-
scopical characters, 20.

Histology, study of the miero-
scopical characters of cells
and tissues, differentiation,
115.

Hydatina, determination of
sex, & ; temperature, 123.
Hydra, regeneration in, 47;

grafting of, 72.

Hydromedus:, a group of in-
vertebrate animals, the
typical members of which
are branched colonies of
polyps: Weismann’s in-
vestigations on, viil, xil.

Hypoblast. See Epiblast, xvi.

Hypotrichousinfusoria, a group
of protozoa, 41.

I

Ids, hypothetical individual
pieces, a number of which
are supposed by Weismann to
be present in the germplasm
of every sexual cell, and each
of which is supposed to con-
tain the inherited material
necessary for a complete new
organism. It has been sug-
gested that tiny beads seen
within the chromosomes of
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a sexual cell are the ids, viii,
23, 33.

Idioblasts, Hertwig’'s name for
hypothetical ultimate units
of living matter, 22, 32; the

ultimate wunits of living
matter, according to De
Vries, 22.

Idioplasm, as opposed to germ-
plasm, which is the nuclear
material of germ-cells ; idio-
plasm is the nuclear material
of tissue-cells, xi, 38.

Immortality, definition of, 82 ;
of germ-cells, ix; of uni-
cellular organisms, 17; of
germ-cells, 80.

Individuality of cells, 115.

Invagination, the infolding of
a layer of cells, as, for
instance, in the transforma-
tion of a blastosphere into a
gastrula, xvii.

Isotropism, explained in foot-
note, 33.

K

Karyokinesis, a complicated
process of nuclear division,
xiv.

Katabolism, the formation of
less complex chemical bodies
by the agency of protoplasm,
86.

L
Labile, unstable, constantly
changing, 38.

LANDoOIS, experiments on trans-
fusion of blood, 75.

LEIBNITZ, on immortality, 82.

Logg, on heteromorphoses, 49 ;
on plasticity of animals, 117.
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M

MAuras, experiments on sex
of rotifers, 123.

Melons, determination of sex
by temperature, 124.

Mesoblast, in the development
of the cecelomata, or three-
layered multicellular ani-
mals ; a third set of cells,
the mesoblast, arises between
the epiblast and hypoblast,
xviii.

Monsters, relation of, to divi-
sion of egg-cell, 63.

Mosaie theory of Roux, 56.

Morphoplasm, the general
protoplasm of a cell, 35.

Multicellular organisms, those
in which the body is com-
posed of many cells, spe-
cialized in different direc-
tions ; cell-division in, 43.

Mus, experiments on grafting
among mice and rats, 74.

Myxomycetes, sometimes
called * slime fungi,’ a group
of low organisms, consisting
of ereeping masses of proto-
plasm with many nuelei,
38.

N

NaraeL1, biological units, 80 ;
cross-fertilization and graft-
ing compared, 69 ; heredity,
92 ; environment in develop-
ment, 104 ; on plasticity of
plants, 119; on specific
characters of eggs, 134.

Nais, regeneration in, 47.

Notochord, formation of, from
unusual cells, 117.

Nucleus, a specialized portion
of the protoplasm of cells,
different in chemical and

10
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physical properties (see
Chromatin, Chromosomes),
as the bearer of heredity, 19.
NussBAaUM, views on origin of
germ-cells, 17,
Nutrition, influence of, on de-
velopment, 2.

o)

OLLIER, bone-grafting, 73.

Ontogeny, the development of
an individual from the egg
upwards, 9.

Osteoblasts, cells which are the
active agents in bone-forma-
tion, 73.

Ovogenesis, the formation of
egg-cells in the ovary, 13.

i

Pangenesis, Darwin’s provi-
sional hypothesis, that the
sexual cells were composed
of minute particles (gem-
mules), given off by all the
cells of the body, 21.

Periosteum, a cellular sheath
of bones, 73.

Physiological wunits, Herbert
Spencer’s name for hypo-
thetical ultimate units of
living matter, 22.

Pistachio, influence of tem-
perature on, 121,

Plant-cells, mode of growth,
110.

Plasomes, Hertwig's name for
theoretical units of proto-

plasm, 52,

Plasticity of plant tissues, 117,
119, 120.

Pluteus, a free - swimming

larval stage in the develop-
ment of echinoderms, 54.
Podophrya, reproduction of, 41.

Polymorphism, the appearance
of the same species in several
different forms in ants and
social inseets, 125,

Poxnrick, on transfusion of
blood, 75.

Preformation, identical with
the original meaning of evo-
lution, which see.

Prothallus, the leaf - shaped
green organism that grows
from the spore of a fern and
produces sexual organs, 49.

Pseudopodia, extensions of pro-
toplasm beyond the general
contour of the cell, 41.

R

Radiolaria, a group of pro-
tozoa, 44,

Regeneration in plants and
animals, 45, 47. 5
Rhipsalis grafted on Opuntia,

74,

Roux, contrast between epi-
genesis and evolution, 6;
mosaic theory of, 56.

Rudiment, wused here as a
translation for the word
anlage, which means the
first plotting-out or begin-
ning of a living strueture.
Darwin showed that rudi-
mentary organs in adult
creatures were for the most
part vestiges of organs that
had lost their use. In this
treatise ‘rudiment’ is ap-
plied to an organ or strue-
ture in its incipient condi-
tion, whether that inecipient
state be visible in a young
embryo, or a hypothetical
structure in the germplasm,
6 ; latent rudiments, 37.

SR e B

o kst wili e o il -



T

— T ——

INDEX AND GLOSSARY 147

S

Sacas, on cells, 114; on re-
action and protoplasm, 133.

Salix purpurea, reproduction
from galls, 51.

ScEMITT, bone-grafting, 74.

Segmentation, the early divi-
sion of a developing egg,
X vii,

Segmentation spheres, the cells
resulting from the early di-
visions of a developing egg,
separation of, by Wilson and
Driesch, 60.

Segmentation  cavity. See
Blastosphere.

Sex, determination of, by
temperature, 123, 124,

Sexual cells (spermatozoa in
male, ova or egg-cells in
female), the nucleated pieces
of protoplasm which are the
starting-point of the new
generation in sexual repro-
duction, origin of, 18.

Soma, the body of a plant or
animal as contrasted with
the reproductive cells con-
tained within it, 45.

Somatic cells, the cells of the
soma ; mortality of, 17,

SPENCER, HERBERT, contro-
versy withWeismann on poly-
morphism in insects, 125.

Spermatogenesis, the formation
of spermatozoa in the testis,
13.

Spontaneous generation, 2.

Stolon, a strand of tissue con-
necting the individuals of
colonial animals, 46,

STRASBURGER, the value of the
nucleus in heredity, 13, 18,

il

Termites, polymorphism in,
125.

Transfusion of blood, 75.

Transplantation of bone, 73,
74.

TreMBLEY, grafting of Hydra,
TQ'

Triton, an amphibian, experi-
ments on the egg by con-
striction, 64.

Tubularia, experimental hetero-
morphoses, 51.

Tunicata, a group of marine
animals clad with a leathery
tunie, 14.

U

Unicellular organisms, animals
(protozoa) and plants (proto-
phyta) with the simplest
structure, each being a single
cell : immortality of, 17;
division doubling in, 40.

Unit, definition of a biological,
30,

v

Vegetative affinity, 66 ef seq.

Vertebrates, regeneration of
lost parts, 47.

VorcHTING, experiments on
grafting, 70 ; harmoniec and
disharmonie union, 70; on
cells, 114, 116 ; on plasticity
of plants, 117, 119; on
grafting, 120. '

W

WersMANN and preformation,
8-10 ; caution against experi-
ment, 12; sources of his
theory, 20, 21; Hertwig’
description of his theory, 22
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absence of proof for differ-| mentation spheres of am-
entiating division, 34; sym-| phioxus egg, 60.

metry of egg and adult, 55; | Worrr, Theoria Generationis,
immortality of germ-cells, 4.

17, 80, 82; germ-tracks, 83 ; | Wounds, healing of, in relation
doubling division, 102 ; con-| to idioplasm, xii.

troversy with Spencer, 125. |

Willow, reproduction from | Y
slips, 46. Yolk, nutritive material stored
WiLsoN, separation of seg-| in an egg-cell, xvi.
THE END.

BILLING AND S0N5, PRINTERS, GUILDFORD,
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THE WORKS OF LORD BYRON.

EDITED BY WILLIAM ERNEST HENLEY.

IN TEN VOLUMES.

VoLumeE I. LETTERS, 1804-1813.
To be followed by

VoLumes II.-IV. LETTERS AND SPEECHES.

VoLume V. HOURS OF IDLENESS, ENGLISH
BARDS AND SCOTCH REVIEWERS.

VoLrume VI. CHILDE HAROLD.
Small cr. 8vo, price 5s. each.

Also an Edition limited to 150 sets for sale in Great
Britain, printed on Van Gelder’s handmade paper, price
Five Guineas the set net.

It is agreed that Byron’s Letters, public and private,
with their abounding ease and spirit and charm, are
among the best in English. It is thought that Byron's
poetry has been long, and long enough, neglected, so that
we are on the eve of, if not face to face with, a steady
reaction in its favour: that, in fact, the true public has had
enough of fluent minor lyrists and hide-bound (if superior)
sonnetteers, and is disposed, in the natural course of
things, to renew its contact with a great English poet, who
was also a principal element in the @sthetic evolution of
that Modern Europe which we know.

Hence this new Byron, which will present—for the first
time since the Seventeen Volumes Edition (1833), long
since out of print—a master-writer and a master-influence
in decent and persuasive terms.

It is barely necessary to dwell on Mr. Henley’s special
qualifications for the task of editing and annotating the
works of our poet.
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THE .PAGET . PAPERS.

DIPLOMATIC AND OTHER CORRESPONDENCE

or

THE Ricatr Hon. SIR ARTHUR PAGET, G.C.B.
1794-1807%.

[WITH TWO APPENDICES, 1808 AND 1828-1829]

ARRANGED AND EDITED BY HIS SON

THE RiGHT HoN. SIR AUGUSTUS B. PAGET, G.C.B,,
Late Her Majesty's Ambassador in Vienna.

With Notes by Mrs. J. R. GREEN.

In Two Volumes, Demy 8vo, wlth Portraits, 32s. net.

THESE volumes deal with the earlier Napoleonic Wars, and throw a
new light on almost every phase of that most vital period of European
history. They are the Dispatches of one of His Britannic Majesty's
Envoy-Plenipotentiaries at different European Courts during that
period, and are unique probably as the account of an hostile eye-witness
of the Campaign, which has so persistently been described from the side
of the victorious intruder., *‘‘The Paget Papers' explain much that
has been unexplained so far of the complicated policy of that time of
shifting alliances, and especially the attitude of the lesser Courts, The
policy of Prussia between Holland and Poland, the attitude of Bavaria,
the temper of the Neapolitan Kingdom, were all brought under Sir
Arthur Paget's notice in his successive embassies from 1794 to 18co.
After the Peace of Amiens he watched from the Court of Vienna the
building up of the Third Coalition, and was with the Emperor during
the Campaign of Austerlitz; while his final mission carried him to the
Dardanelles, where, curiously enough, the same political play was then
being gone through as has been witnessed there quite recently. The
volumes will be edited by Sir Arthur Paget's son, the Rt. Hon. Sir
Augustus Paget, G.C.B., late Her Majesty’'s Ambassador at Vienna,
and illustrated with numerous Portraits of the chief contemporary
figures of the time,
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LIFE OF NELSON,

By ROBERT SOUTHEY.
A NEW EDITION

EpiTep By DAVID HANNAY,

Crown 8vo, Gilt, with Portrait.

SOUTHEY'S LIFE OF NELSON is an acknowledged masterpiece of litera-
ture, It can never cease to have value, even if it is at any future time
surpassed in its own qualities, Up to the present it has never been
equalled, While we are waiting for the appearance of a better Southey,
the old may well be published with a much-needed agparatus criticus.
The object of the new edition is to put forth the text, supported by
notes, which will make good the few oversights committed by Southey,
the passages in Nelson's life of which he had not heard, or which he,
influenced by highly honourable scruples, did not think fit to speak of
so soon after the hero's death, and while some of the persons concerned
were still living. A brief account will also be given of the naval officers,
and less famous soldiers or civilians mentioned, though it will not be
thought needful to tell the reader the already well-known facts concern-
ing Pitt, Sir John Moore, or Paoli. Emma Hamilton, of whom Southey
said only the little which was necessary to preserve his book from
downright falsity, will have her history told at what is now adequate
length., The much debated story of Nelson's actions at Naples will be
told from a point of view other than Southey's, It is not proposed
to write a new life of Nelson, but only to set fznh the best of existing
biographies with necessary additions and corrections, as well as with
some comment on his qualities as a commander in naval warfare,

THE=RITE ©F ‘THE LATE
SIR JOSEPH BARNBY.

W. H. SONLEY JOHNSTONE.

In One Volume, with Portraits, 8vo,

SIR JOSEPH BARNBY was a personality and an influence ; music was
only a part of him. He was an arduous worker, a brilliant talker, a
raconteur of merit, a good speaker, and a popular favourite in society.
The period through which he lived was one of the most important and
fruitful in the annals of English music, and Mr. Johnstone will receive
the assistance of composers and others in making this work as compre-
hensive as possible,

The main divisions will be : Music in En%h.nd Half-a-Century Ago—
Early Life of Barnby—His Eton Career—His Albert Hall Career—As
Com ﬂsﬂhﬁf Conductor—FHis Social and General Life—The Academy
and Gui
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Litevatures of the World.

EDITED BY

EDMUND GOSSE.

R. HEINEMANN begs to announce a Series of
Short Histories of Ancient and Modern Literatures

of the World, Edited by EDMUND GOSSE.

The following volumes ave projected, and it is probable that
they will be the first to appear :—

FRENCH LITERATURE.

By EDWARD DOWDEN, D.C.L., LL.D., Professor of English
Literature at the University of Dublin,

ANCIENT GREEK LITERATURE.

By GILBERT G. A. MURRAY, M.A., Professor of Greek in ‘the
University of Glasgow.

ENGLISH LITERATURE.

By THE EDITOR.

ITALIAN LITERATURE.

By RICHARD GARNETT, C.B., LL.D., Keeper of Printed Books
in the British Museum,

MODERN SCANDINAVIAN LITERATURE

By Dr., GEORG BRANDES, of Copenhagen.

JAPANESE LITERATURE.

By WILLIAM GEORGE ASTON, M.A., C.M.G., late Acting
Secretary at the British Legation at Tokio.

SPANISH LITERATURE.

Br J. FITZMAURICE-KELLY, Member of the Spanish Academy.,

pp—
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WILLIAM SHAKESPEARE.

A CRITICAL STUDY.

By GEORG BRANDES,

Translated from the Danish by WiLLiam ARCHER,
In Two Volumes, demy 8vo.

Dr. Georg Brandes’s ** William Shakespeare ** may best be called, perhaps,
an exhaustive critical biography. Keeping fully abreast of the latest English
and German researches and criticism, Dr, Brandes preserves that breadih
and sanity of view which is apt to be sacrificed by the mere Shakespearologist.
He places the poet in his political and literary environment, and studies each
play not as an 1solated phenomenon, but asthe record of a stage in Shakespeare’s
epiritual history. Dr. Brandes has achieved German thoroughness without
Gert.mn heaviness, and has produced what must be regarded as a standard
waor

RODBERT, . EARL NUGENT:

A MEMOIR.
By CLAUD NUGENT.

In One Volume, demy 8vo, with a number of Portraits and othe:
Illustrations.

A BOOK OF SCOUNDRELS.

By CHARLES WHIBLEY.
In One Volume, crown 8vo, with a Frontispiece,

In ** A Book of Scoundrels” are described the careers and achievements of
certain notorious malefactors who have been chosen for their presentment on
account of their style and picturesqueness. They are of all ages and several
countries, and that variety may not be lacking, Cartouche and Peace, Moll
Cutpurse and the Abbé Bruneau, come within the same covers, Where it has
geemed convenient, the method of Plutarch is followed, and the style and method
of two similar scoundrels are contrasted in a ** J)arallel." Jack Shepherd in the
stone-room of Newgate, reproduced from an old print, serves as a frontispiece.

IN CAP AND GOWN.

THREE CENTURIES OF CAMBRIDGE WIT.
Epitep BY CHARLES WHIBLEY.

Third Edition, with a New Introduction, crown 8vo.
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SEVENTEENTH-CENTURY
STUDIES.

A CONTRIBUTION TO THE HISTORY OF
ENGLISH POETRY.

By EDMUND GOSSE,

Clark Lecturer on English Literature at the University of Cambridge,
A New Edition, Crown 8vo,

PROTESTANTS IN SPAIN

IN THE SIXTEENTH CENTURY
Bv RACHEL E. CHALLICE.

WITH AN INTRODUCTION BY
His GrRace THE ARCHBISHOP OF DUBLIN,
And a Preface by CANON FLEMING.

In One Volume.

UNDERCURRENTS .OF .-THE
SECOND EMPIRE.

By ALBERT D. VANDAM,

Author of ** An Englishman in Paris" and ** My Paris Note-bork, "
Demy 8vo, 10s, 6d.

MADE IN GERMANY.

REPRINTED WITH ADDITIONS FROM THE NEW REVIEW,
In One Volume,

The Industrial Supremacy of Great PBritain has been long an axiomatic
commonplace it is fast turning into a myth,

These papers are not prompted by the Bimetallic League, nor by devotion to
fair trade, nor by any of the economic schemes and doctrines which reformers
are propounding for the cure of our commercial dry-rot. It is the Author's
object to ‘)rnceed on scientific lines, to collect and arrange the facts so that they

may clearly show forth the causes, and point with inevitableness to the remedies,
if and where there be any.
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THE BLACK RIDERS

VERSES.

By STEPHEN CRANE,
Author of ** The Red Badge of Courage,"

LETTERS OF
A COUNTRY VICAR.

Translated from the French of YvEs LE QUERDEC.
By M. GORDON-HOLMES,

In One Volume, crown 8vo.

This translation of a work which, in the original, has evoked a quite exceptional
measure of attention, will be welcomed for 1ts vivid pictures of country life in
France, and of the relations subsisting between Church and laity.

THE AGNOSTICISM OF THE
FUTURE.

FROM THE FRENCH OF
M. GUYAU.

In One Volume, 8vo.

GENIUS AND DEGENERATION:

A PSYCHOLOGICAL STUDY.

By Dr. WILLIAM HIRSCH.
With an Introduction by Professor E. MENDEL.

Translated from the Second German Edition.

In One Volume, demy 8vo, 10s. net,
A2
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ANTONIO ALLEGRI DA CORREGIO: His Life, his

Friends, and his Time. By Corrapo Ricci, Director ot the Royal
Gallery, Parma, Translated by FLorEncE SimMmonDs. With 16 Photo-
gravure Plates, 21 full-page Plates in Tint, and 190 Illustrations in the
Text. In One Volume, imperial 8vo, £2 2s. net.

* . Also a special edition printed on fapanese vellum, limited to 100 copres,
with duplicate plates on [ndia paper. Price 12 125. net.

REMBRANDT : His Life, his Work, and his Time. By EMILE
MicHEL, Member of the Institute of France. Translated by FLoRENCE
SimMmoNDs. Edited and Prefaced by FrREDERICK WEDMORE. Second
Edition, Enlarged, with 76 full-page Plates, and 250 Illustrations in the
Text, In One Volume, Gilt top, or in Two Volumes, imperial 8vo,
£2 25 net.

*.F A few copies of the EviTion DE LUXE of the First Edition, printed on
Japanese vellum with India proof duplicates of the photogravures, are still on
sale, price £12 125, net.

REMBRANDT. Seventeen of his Masterpieces from the collec-

tion of his Pictures in the Cassel Gallery. Reproduced in Photogravure
by the Berlin Photographic Company. With an Essay by FRrREDERICK
Webpmorg, In large portfolio 27% inches X zo inches,

The first twenty-five impressions of each plate arve numbered and s:'g‘n‘..nf,
and of these only fourteen are for sale in England at the net price of Twenty
Guineas the sef. The price of the impressions after the first twenty-five is

Twelve Guineas nef, per sel.

MASTERPIECES OF GREEK SCULPTURE. A Series

of Essays on the History of Art. By ApoLF FURTWANGLER. Authorised
Translation. Edited by EvceEnie SELLErs. With 19 full page and zoo
text Illustrations. In One Volume, imperial 8vo, £3 3s. net.

*.* ALo an EpiTioN DE LUXE on Japanese velium, limited to 50 numbered
copies tn Twe Volumes, price £10 105. net.

THE HOURS OF RAPHAEL, IN OUTLINE. Together

with the Ceiling of the Hall where they were originally painted. By
Mary E. WiLLiams. Folio, cloth. £z 2s. net,

A CATALOGUE OF THE ACCADEMIA DELLE

BELLE ARTI AT VENICE. With Biographical Notices of the
Painters and Reproductions of some of their Works. Edited by E. M,

Keary. Crown 8vo, cloth, zs. 6d. net; paper, 2s. net.

A CATALOGUE OF THE MUSEO DEL PRADO AT

MADRID, Conpiled by E. LAwson. In One Volume, crown 8vo:
[{% preparation.
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BROTHER AND SISTER. A Memoir and the Letters of
ERNEST and HENRIETTE RENAN. Translated by Lady Mary
Lovp. Demy B8vo, with Two Portraits in Photogravure, and Four
Illustrations, 14s.

Mr. GLADSTONE has written to the publisheras follows : ** I have read the
whole of the Renan Memoirs, and have found them to be of peculiar and pro-
found interest.”

The Iilustrated London News.—" One of the most exquisite memorials in
all literature.”

The Daily Telegraph,~* A faithful record of a perfect friendship."”

CHARLES GOUNOD. Autobiographical Reminiscences with

Family Letters and Notes on Music. Translated by the Hon. W. HeLy
HuTtcHinsoN. Demy 8vo, with Portrait, 105, 64.

The Daily News.—" Interwoven with many touching domestic details, it
furnishes a continuous history of the dawn and development of his genius down
to the period when his name had become familiar in all men’s mouths.”

The Globe.—"* Will, of course, have many interested readers, and will find
its way into the libraries of all musical enthusiasts.”

STUDIES IN DIPLOMACY. ByCount BENEDETTI, French

Ambassador at the Court of Berlin, Demy 8vo, with a Portrait, 10s. 6.

The Times.—** An important and authentic contribution to the history of a
great crisis in the affairs of Europe.”

AN AMBASSADOR OF THE VANQUISHED.

Viscount Elie De Gontaut-Biron's Mission to Berlin, 1871-1877. From
his Diaries and Memoranda. By the Duke pE Brocrie, Translated
with Notes by ALserT D. Vanpawm, Author of " An Englishman in
Paris." In One Volume, 8vo, 10s. 64.

The Times,—* The real interest of the book consists in the new contributions
which it makes to our knowledge of the dangerous crisis of 1875."”

The Daily Teleeraph.—'" A book at once teeming with accurate information,
and free from emotional indiscretion ; marked by coolness of tone and imparti-
ality of judgment.”

ANIMAL SYMBOLISM IN ECCLESIASTICAL
ARCHITECTURE. By E. P. Evans. With a Bibliography and
Seventy-eight Illustrations, crown 8vo, gs.

The Manchester Courier.—"' A work of considerable learning. We have
not often read a book that contains more quaint and unusual information, or is
more closely packed with matter. It is very pleasant reading and may be com-
mended to all who are interested in the by-paths of literature and art."
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Great Lives and Events,

Uniformly bound in cloth, 6s. each volume,

A FRIEND OF THE QUEEN. Marie Antoinette and
Count Fersen, From the French of PauL GavrLor. Two Portraits.

The Times.—"' M. Gaulot's work tells, with new and authentic details, the
romantic story of Count Fersen's devotion to Marie Antoinette, of his share in
the celebrated Flight to Varennes and in many other well-known episodes of
the unhappy Queen’s life,”

THE ROMANCE OF AN EMPRESS. Catherine IL of

Russia. From the French of K, Wavriszewski., With a Portrait.

The Times.—" This book is based on the confessions of the Empress her-
self; it gives striking pictures of the condition of the contemporary Russia
which she did so much to mould as well as to expand. . . . Few stories in
history are more romantic than that of Cathenine II. of Russia, with its
mysterious incidents and thrilling episodes ; few characters present more curious

problems.™

THE STORY OF A THRONE. Catherine II. of Russia.
From the French of K. WaLiszewskl. With a Portrait.

The World.—'" No novel that ever was written could compete with this
histcrical monograph in absorbing interest.”

NAPOLEON AND THE FAIR SEX. From the French

of FrEpErIc Masson. With a Portrait.

The Daily Clhronicle.—"" The author shows that this side of Napoleon’s
life must be understood by those who would realize the manner of man he was.”

ALFRED, LORD TENNYSON. A Study of His Life and

Work. By Artnur Wavuch, B.A, Oxon. With Twenty Illustrations
from Photographs specially taken for this Work, Five Portraits, and
Facsimile of Tennyson's MS.

MEMOIRS OF THE PRINCE DE JOINVILLE.

Translated from the French by Lady Mary Lovyp., With 78 Illustrations
from drawings by the Author,

THE NATURALIST OF THE SEA-SHORE. The Life

of Philip Henry Gosse. By his son, Ebmunp Gossg, Hon. M.A.,
Trinity College, Cambridge. With a Portrait.

Y
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MY PARIS NOTE-BOOK. ByALBERT D. VANDAM, Author

of ** An Englishman in Paris.” In One Volume, demy 8vo, price 6s.

EDMUND AND JULES DE GONCOURT. Letters and

Leaves from their Journals. Selected. In Two Volumes, 8vo, with
Eight Portraits, 32s.

ALEXANDER III. OF RUSSIA. By CHARLES LOWwE,

M.A., Author of “Prince Bismarck : an Historical Biography.” Crown
8vo, with Portrait in Photogravure, 6s.

The Atheneum.—' A most interesting and valuable volume."
The Academy.—" Written with great care and strict impartiality,”

PRINCE BISMARCK. An Historical Biography. By

CuarLes Lowe, M.A. With Portraits. Crown 8vo, 6s.

VILLIERS DE L’ISLE ADAM: His Life and Works.

From the French of VicomTE Rosert DU PonTAvicE DE HEUSSEY.
By Lady MaAry Loyp. With Portrait and Facsimile, Crown 8vo, cloth,
105. 6.

THE LIFE OF HENRIK IBSEN. By HENRIK JAGER.

Translated by CLara BeELL. With the Verse done into English from the
Norwegian Original by Epmunp Gosse. Crown 8vo, cloth, 6s.

RECOLLECTIONS OF MIDDLE LIFE. By FRANCISQUE

SAgrcEv., Translated by E. L. Carey. In One Volume, Bvo, with
Portrait, 10s. 64,

TWENTY-FIVE YEARSIN THE SECRET SERVICE,

The Recollections of a Spy. By Major HENRI LE Caron. With New
Preface. B8vo, boards, price 2s. 6d., or cloth, 3s. 64.

*.* The Library Edition, with Portrails and Facsimiles, 8vo, 145., 1s stili
o Sale.

THE FAWMILY LIFE OF HEINRICH HEINE. Illus-
trated by one hundred and twenty-two hitherto unpublished letters ad-
dressed by him to different members of his family, Edited by his nephew,
Baron Lupwic von EmepeEN, and translated by CHARLES GODFREY
LELAND. In One Volume, 8vo, with 4 Portraits, 12s5. 64.

RECOLLECTIONS OF COUNT LEO TOLSTOY.

Together with a Letter to the Women of France on the ' Kreutzer
Sonata.” By C. A. BEHrs. Translated from the Russian by C. E.
TurnNER, English Lecturer in the University of St., Petersburg. In One
Volume, 8vo, with Portrait, 1os. 6.

QUEEN JOANNA 1. OF NAPLES, SICILY, AND
JERUSALEM ; Countess of Provence, Forcalquier, and Piedmont. An
Iissay on her Times, By St. CLair BappeLEv. Imperial 8vo, with
numerous Illustrations, 16s.

CHARLES III. OF NAPLES AND URBAN VI,; also
CECCO D'ASCOLI, Poet, Astrologer, Physican. Two Historical Essays.
By St1, CLAIR BApDELEY, With ﬁlustratiﬂns, 8vo, cloth, 105, 64,
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LETTERS OF SAMUEL TAYLOR COLERIDGE.
Edited by ErneEsT HARTLEY CoLERIDGE. With 16 Portraits and Illus-
trations. In Two Volumes, demy 8vo, £1 125,

DE QUINCEY MEMORIALS. Being Letters and other
Records here first Published, with Communications from CoLERIDGE, the
WorpsworTHS, HAnnAH MorEg, ProrEssor WiLsoN, and others. Edited
with Introduction, Notes, and Narrative, by ALEXanNDER H. Jarp, LL.D,,
F.R.S.E. In Two Volumes, demy 8vo, cloth, with Portraits, 30s. net.

MEMOIRS. By CHARLES GODFREY LELAND (HANS BREIT-
maNN). Second Edition. In One Volume, 8vo, with Portrait, price
75. 6d.

LETTERS OF A BARITONE. By Francis WALKER.
Square crown 8vo, 5s.

THE LOVE LETTERS OF MR. H. AND MISS R.
1775-1779. Edited by GiLEERT BURGESS. Square crown 8vo, 5s.

PARADOXES. By Max NorpAU, Author of ¢ Degeneration,”
“ Conventional Lies of our Civilisation,” &c. Translated by J. R.
McILrarTH. Demy 8vo, 175, #ef. With an Introduction by the
Author written for this Edition,

CONVENTIONAL LIES OF OUR CIVILIZATION.
By Max Nornav, author of ** Degeneration.” Second English Edition.
Demy 8vo, 175. net.

DEGENERATION. By Max Norpavu. Ninth English

Edition. Demy 8vo, 17s. net. :

THE PROSE WORKS OF HEINRICH HEINE,
Translated by CHARLEsS Goprrev LELanp, M.A., F.R.L.S. (Haws
BreiTMANN). In Eight Volumes.

The Library Edition, in crown 8vo, cloth, at ss. per Volume. Each Volume of
this edition is sold separately. The Cabinet Edition, in special binding,
boxed, price £2 10s. the set. The Large Paper Edition, limited to 50
Numbered Copies, price 1 yi‘iper Volume net, will only be supplied to
subscribers for the Complete Work.

I. FLORENTINE NIGHTS, SCHNABELEWOPSKI,
THE RABBI OF BACHARACH, and SHAKE-

SPEARE’S MAIDENS AND WOMEN.
I1., III. PICTURES OF TRAVEL. 1823-1828.
IV. THE SALON. Letters on Art, Music, Popular Life,

and Politics.

V., VI. GERMANY.
VII., VIII. FRENCH AFFAIRS. Letters from Paris

1832, and Lutetia,

THE POSTHUMOUS WORKS OF THOMAS DE

UINCEY. Edited, with Introduction and Notes from the Author’s
riginal MSS,, by ALexanper H. Jarp, LL.D., F.R.5.E., &c. Crown
8vo, cloth, 6s. tac{.

I. SUSPIRIA DE PROFUNDIS. With other Essays.
II. CONVERSATION AND COLERIDGE. With other

Essays.*
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CRITICAL KIT-KATS. By EbpMunDp Gosse, Hon. M.A. of
Trinity College, Cambridge. Crown 8vo, buckram, gilt top, 7s. 64.

QUESTIONS AT ISSUE. Essays. By EpMUuND GoOssSE.
Crown 8vo, buckram, gilt top, 7s. 64.

% A Limited Edition on Large Paper, 255, nel.

GOSSIP IN A LIBRARY. By EpMUunD Gossk, Author of
“ Northern Studies,” &c. Third Edition. Crown 8vo, buckram, gilt top,

75. 6d. ;
#.* A Limiled Edition on Large Paper, 255. nel.

CORRECTED IMPRESSIONS. Essayson Victorian Writers.

By GEORGE SAINTSBURY. Crown 8vo, gilt top, 7s. 64.

ANIMA POETZZA. From theunpublished note-books of SAMUEL

Tavror Coreripce. Edited by ErNesT HArTLEY CoOLERIDGE. In
One Volume, crown 8vo, 7s. 6.

ESSAYS. By ARTHUR CHRISTOPHER BENSON, of Eton College.

In One Volume, crown 8vo, buckram, 7s. 64.

THE CHITRAL CAMPAIGN. A Narrative of Events in

Chitral, Swat, and Bajour. By H. C. THomsoN. With over so Illustra-
tions reproduced from Photographs, and important Diagrams and Map.
Second Edition in Une Volume, demy 8vo, 145, mef.

WITH THE ZHOB FIELD FORCE, 18g0. By Captain

Crawrorp McFarL, K.O.Y.L.I. In One Volume, demy 8vo, with
Illustrations, 18s.

THE LAND OF THE MUSKEG. By H. SOMERS SOMERSET,

Second Edition. In One Volume, demy 8vo, with Maps and over 100
1llustrations, 280 pp., 145. nef.

ACTUAL AFRICA ; or, The Coming Continent. A Tour of
Exploration. By Frank VincenT, Author of ** The Land of the White
Elephant." With Map and over 1oo Illustrations, demy 8vo, cloth, price

245.

COREA, OR CHO-SEN, THE LAND OF THE MORN-

ING CALM. By A. HeExrvy SavacE-Lanpor. With 38 Illustrations
from Drawings by the Author, and a Portrait, demy 8vo, 18s.

THE LITTLE MANX NATION. (Lectures delivered at

the Ro}ml Institution, 18g1.) By Harr Caing, Author of ** The Bond-
man,” ** The Scapegoat,” &c. Crown 8vo, cloth, 35. 64.; paper, 2s5. 64.

NOTES FOR THE NILE. Together with a Metrical

Rendering of the Hymns of Ancient Egypt and of the Precepts of Ptah-
hotep (the oldest book in the world). By HArpwicke D. RawnsLEy, M. A,
Impenal 16mo, cloth, ss.

DENMARK: its History, Topography, Language, Literature
Fine Arts, Social Life, and Finance. Edited by H. WEITEMEVER, Demy
Bvo, cloth, with Map, 12s. 64.

*o" Dedicated, by permission, to H.R.H. the Princess of Wales.



16 MR. HEINEMANN’S LIST.

THE REALM OF THE HABSBURGS. By SIDNEY

WhiTMAN, Author of ** Imperial Germany.” In One Volume, crown
8vo, 7s5. 6d.

IMPERIAL GERMANY. A Critical Study of Fact and

Character, By Sipnev WHiTMAN. New Edition, Revised and Enlarged.
Crown 8vo, cloth, 25, 6d.; paper, 2.

THE CANADIAN GUIDE-BOOK. PartI. The Tourist's

and Sportsman’s Guide to EasternCanadaand Newfoundland, including full
descriptions of Routes, Cities, Points of Interest, Summer Resorts, Fishing
Places, &c., in Eastern Ontario, The Muskoka District, The St. Lawrence
Region, The Lake St. John Country, The Maritime Provinces, Prince
Edward Island, and Newfoundland. With an Appendix giving Fish and
Game Laws, and Official Lists of Trout and Salmon Rivers and their
Lessees. By CHARLES G. D. RoBERTS, Professor of English Literature in
King's College, Windsor, N.S. With Maps and many Illustrations.
Crown 8vo, limp cloth, 6s.

THE CANADIAN GUIDE-BOOK. Part II. WESTERN
CanaDA. Including the Peninsula and Northern Regions of Ontario,
the Canadian Shores of the Great Lakes, the Lake of the Woods Region,
Manitoba and *“The Great North-West,” The Canadian Rocky Mountains
and National Park, British Columbia, and Vancouver Island. By ErRNEST
InGErsoLL, With Maps and many Illustrations. Crown 8vo, limp cloth, 6s.

THE GUIDE-BOOK TO ALASKA AND THE NORTH.-
WEST COAST, including the Shores of Washington, British Columbia,
South-Eastern Alaska, the Aleutian and the Seal Islands, the Behring
and the Arctic Coasts. By E. R. Scipmore. With Maps and many
Illustrations. Crown 8vo, limp cloth, 6s.

THE GENESIS OF THE UNITED STATES. A

Narrative of the Movement in England, 1605-1616, which resulted in the
Plantation of North America by Englishmen, disclosing the Contest
between England and Spain for the Possession of the Soil now occupied
by the United States of America; set forth through a series of Historical
Manuscripts now first printed, together with a Re-issue of Rare Contem-
poraneous Tracts, accompanied, by Bibliographical Memoranda, Notes,
and Brief Biographies. Collected, Arranged, and Edited by ALEXANDER
BrowN, F.R.H.§ With 100 Portraits, Maps, and Plans. In Two Volumes,
royal 8vo, buckram, £3 135. 64. net.

IN THE TRACK OF THE SUN. Readings from the Diary

of a Globe.Trotter. By FrEpErick DiopaTtr THosmpson. With many
Illustrations by Mr. HARRY FENN and from Photographs. In One Volume,
4to, 255, :

THE GREAT WAR OF 18—, A Forecast. By Rear-

Admiral CoLoms, Col. Maurice, R.A., Captain MAUDE, ARCHIBALD
Forses, CHARLES Lowe, D. CarisTIE MURRrRAY, and F. ScubAaMoRre,
Second Edition. In One Volume, large 8vo, with numerous Illus-
trations, 65,

THE COMING TERROR. And other Essays and Letters.
By RoeeErT BucHAanNAaN, Second Edition, Demy 8vo, cloth, 125, 64,
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AS OTHERS SAW HIM. A Retrospect, A.D. 54. In One

Volume, Crown 8vo, gilt top, 6s.

ISRAEL AMONG THE NATIONS. Translated from the

French of ANaToLE LErRoV-BEAULIEU, Member of the Institute of France.
In One Volume, crown 8vo, 7s5. 6.

THE JEW AT HOME. Impressions of a Summer and

Autumn Spent with Him in Austria and Russia. By JoseEpn PENNELL.
With Illustrations by the Author. 4to, cloth, ss.

THE NEW EXODUS. A Study of Israel in Russia. By

HaroLDp FrEDERIC, Demy 8vo, Illustrated, 16s.

STUDIES OF RELIGIOUS HISTORY. By ERNEST
RenaN, late of the French Academy. In One Volume, 8vo, 7s. 64.

THE ARBITRATOR'S MANUAL. Under the London

Chamber of Arbitration. Being a Practical Treatise on the Power and
Duties of an Arbitrator, with the Rules and Procedure of the Court of
Arbitration, and the Forms. By Josern SEvMOUR SALAMAN, Author of
“Trade Marks,” &c. Fcap. 8vo, 35. 64.

MANNERS, CUSTOMS, AND OBSERVANCES: Their

Origin and Signification. By LeoroLp WacneEr. Crown 8vo, 6s.

A COMMENTARY ON THE WORKS OF HENRIK
IBSEN. By Hjarmar HjorTtH Bovesen, Author of * Goethe and
Schiller,” “ Essays on German Literature,” &c. Crown 8vo, cloth,
=5, 6d. net.

THE LABOUR MOVEMENT IN AMERICA. By

RicuarDp T. Evv, Ph.D., Associate in Political Economy, John Hopkins
Unlversity. Crown 8vo, cloth, ss.

THE PASSION PLAY AT OBERAMMERGAU, 18go.

By F. W. Farrag, D.D,, F.R.S., Dean of Canterbury, &c. &c, 4to,
cloth, 2s. 64.

THE WORD OF THE LORD UPON THE WATERS.

Sermons read by His Lmperial Majesty the Emperor of Germany, while
at Sea on his Voyages to the Land of the Midnight Sun. Composed by
Dr. RicuTeR, Army Chaplain, and Translated from the German by Joun
R. McILraITH. 4to, cloth, 25 64,

THE KINGDOM OF GOD IS WITHIN YOU.
Christianity not as a Mystic Religion but as a New Theory of Life. Dy
Count LeEo Torstov. Translated from the Russian by ConsTANCE
GARKETT, Popular Edition in One Volume, cloth, 2s. 64,
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THE SPINSTER’S SCRIP. As Compiled by CEecIiL
Ravwor. Narrow crown 8vo, limp cloth, 2s. 6d.

THE POCKET IBSEN. A Collection of some of the Master's

best known Dramas, condensed, revised, and slightly rearranged for the
benefit of the Earnest Student. By F. AnsTev, Author of * Vice Versa,”
“Voces Populi,” &c. With Illustrations, reproduced by permission,
from Punch, and a new Frontispiece, by BErRNARD ParRTRIDGE. New
Edition. 16mo, cloth, 35. 6. ; or paper, 2s. 64.

FROM WISDOM COURT. By HENRY SETON MERRIMAN

and STEPHEN GrRAHAM TALLENTVRE. With 30 Illustrations by
E. Courpoin. Crown 8vo, cloth, 3s. 64.

THE OLD MAIDS’ CLUB. By I. ZanewiLL, Author of

“ Children of the Ghetto,” &c. Illustrated by F, H. TownsenD. Crown
8vo, cloth, 35. 64.

WOMAN—THROUGH A MAN'S EYEGLASS. By

Marcorm C. Saraman, With Illustrations by DupLev Harpy. Crown
8vo, cloth, 35. 64,

STORIES OF GOLF. Collected by WiLLIAM KNIGHT and
T. T. OripHANT. With Rhymes on Golf by various hands ; also Shake-
speare on Golf, &c. Enlarged Edition. Fcap. 8vo, cloth, zs5. 6d.

THE ROSE : A Treatise on the Cultivation, History, Family
Characteristics, &c., of the various Groups of Roses. With Accurate
Description of the Varieties now Generally Grown. By H. B. Evrt-
waNGER. With an Introduction by Georce H. ELLWANGER 12mo,
cloth, ss.

THE GARDEN’S STORY ; or, Pleasures and Trials of an

Amateur Gardener, By G. H. ELLwanGER. With an Introduction by the
Rev. C. WoLLEY Dop. 12mo, cloth, with Illustrations, ss.

THE GENTLE ART OF MAKING ENEMIES. As
pleasingly exemplified in many instances, wherein the serious ones of
this earth, carefully exasperated, have been prettily spurred on to
indiscretions and unseemliness, while overcome by an undue sense
of right. By J. M'NeiLL WHISTLER. A New Edition. Post 4to,
half cloth, 10s. 64,

*. Afew copies of the large paper issue of the first edition remain, price
A1 115, 64, nel.

LITTLE JOHANNES. ByF.VaN EEpEN. Translated from

the Dutch by Crara BerLr. With an Introduction by ANDREw LANG
In One Volume, 16mo, cloth, silver top, 3s. net.

GIRLS AND WOMEN. By E. CHESTER. Post 8vo, cloth,
25. 6d., or gilt extra, 35. 64,
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Dramatic Lfterature,

THE PLAYS OF W.E. HENLEY ANDR. L. STEVEN-
SON: — DEACON BRODIE; BEAU AUSTIN; ADMIRAL
GUINEA ; MACAIRE. Crown 8vo, cloth. An Edition of 250 copies
only, 105. 6d. net.

LITTLE EYOLF. A Play in Three Acts. By HENRIK
IeseN. Translated from the Norwegian by WiLLiam ArRCHER. Small
4to, cloth, with Portrait, 5s.

THE MASTER BUILDER. A Play in Three Acts. By

Henrik IBsEn. Translated from the Norwegian by Epmunnp Gosse
and WiLLiAM ARCHER. Small 4to, with Portrait, 55. Popular Edition,
paper, 15. Also a Limited Large Paper Edition, 21s. net.

HEDDA GABLER: A Drama in Four Acts. By HENRIK

Iesen, Translated from the Norwegian by EpmMunp Gosse. Small 4to,
cloth, with Portrait, 55. Vaudeville Edition, paper, 15. Also a Limited
Large Paper Edition, 215, net.

BRAND : A Dramatic Poem in Five Acts. By HENRIK IBSEN.

Translated in the original metres, with an Introduction and Notes, by
C. H. HErForDp. Small 4to, cloth, 7s. 64.

HANNELE: A DREAM-POEM. By GeErHArRT HAUPT-
MANN. Translated by WiLLiam ArcHER. Small 4to, with Portrait, ss.

THE PRINCESSE MALEINE: A Drama in Five Acts

(Translated by GERARD HarrY), and THE INTRUDER : A Drama in
One Act. By Maurice MAETERLINCK. With an Introduction by HaLL
CAINE, and a Portrait of the Author. Small 4to, cloth, 5s.

THE FRUITS OF ENLIGHTENMENT : A Comedy in

Four Acts. By Count Lvor ToLsTov. Translated from the Russian by
E. J. DirLon. With Introduction by A. W, PINERO. Small 4to, with
Portrait, ss.

KING ERIK, A Tragedy. By EDMUND GOSSE. A Re-issue,

with a Critical Introduction by Mr. Tueopore WarTs. Fcap. 8vo,
boards, §s. net.

THE PIPER OF HAMELIN. A Fantastic Opera in Two

Acts, By RoserT Bucuanan. With Illustrations by HucH THOMSON,
4to, cloth, =25, 6. net.

THE SIN OF ST. HULDA. A Play. By J. STuarT

OciLviE. Fcap. Bvo, paper, 1s.

HYPATIA. A Play in Four Acts, Founded on CHARLES

KingsLEY's Novel. By G, StuarTt OciLvie, With Frontispiece by
J. D. BatTtEn. Crown 8vo, cloth, printed in Red and Black, z2s. 64, net.

THE DRAMA : ADDRESSES. By Henry IRVING. With
Portrait by J. McN. WHiSTLER. Second Edition. Fcap. 8vo, 35. 64.

SOME INTERESTING FALLACIES OF THE
Modern Stage. An Address delivered to the Playgoers’ Club at St.
James’s Hall, on Sunday, 6th December, 18g1. By HERBERT BEERBOHM
Tree. Crown 8vo, sewed, 64, net.
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THE PLAYS OF ARTHUR W. PINERO. With Intro-

ductory Notes by MaLcoLm C. SALAmAN, 16mo, paper covers, 15. 64.;
or cloth, 2s. 62, each.

1. THE TIMES. VII. DANDY DICK.
11. THE PROFLIGATE. VIII. SWEET LAVENDER.
I11. THE CABINET IX. THE SCHOOL.
MINISTER. MISTRESS.
IV. THE HOBBY HORSE. X. THE WEAKER SEX.
V.LADY BOUNTIFUL. XI. THE AMAZONS.
VI. THE MAGISTRATE.

THE NOTORIOUS MRS. EBBSMITH. A Drama in
Four Acts. By ArRTHUR W. PINERO, Small 4to, cloth, 2s. 6.} paper, 15. 6d.
THE SECOND MRS. TANQUERAY. A Play in Four

Acts. By ArTHUR W. PINERO. Small 4to, cloth, with a new Portrait
of the Author, 55, Also Cheap Edition, uniform with “ The Notorious
Mrs. Ebbsmith.” Cloth, 2s. 64.: paper, 15, 64,

THE BENEFIT OF THE DOUBT. By ArTHUR W.
Pinero. Small 4to, cloth, 25, 64, : paper, 1s5. 64.

Poetry,
ON VIOL AND FLUTE. By EpMUND GOSSE. rcap. 8vo,

with Frontispiece and Tailpiece, price 3s. 64. net.

FIRDAUSI IN EXILE, and other Poems. By EDMUND
Gosse. Fcap. Bvo, with Frontispiece, price 35. 6. net,

IN RUSSET AND SILVER. POEMS. By EpmunD
{}'_:13553. ﬁﬂulhor of “Gossip in a Library,” &c. Crown 8vo, buckram,
gult top, bs.

THE POETRY OF PATHOS AND DELIGHT. From

the Works of CovenTrY PATMORE. Passages selected by ALicE MEy-
NELL. With a Photogravure Portrait from an Oil Painting by Jouw
SarGeENT, A.R.A. Fcap. 8vo, ss.

A CENTURY OF GERMAN LYRICS. Translated from

the German by KATE FREILIGRATH KROEKER. Fcap. 8vo, rough
edges, 35. 64.

LOVE SONGS OF ENGLISH POETS, 1500-1800.
With Notes by Ravrrn H. CAine. Fcap. Bvo, rough edges, 35, 6.
** Large Paper Edition, limited to 100 Capies, 105, 64. net.

IVY AND PASSION FLOWER: Poems. By GERARD

BenpAaLL, Author of “ Estelle,” &c. &c. 12mo, cloth, 35, 6.
Scotsman.—"* Will be read with pleasure.”
i :;f:ésf"mf Weorid.—" The poems are delicate specimens of art, graceful and
polished.”
VERSES. By GERTRUDE HALL. 12mo, cloth, 3s 64,
Manchester Guardian.—* Will be welcome to every lover of poetry who
takes it up.”

IDYLLS OF WOMANHOOD. By C. AMy Dawson.
Fcap. 8vo, gilt top, s5s.

TENNYSON’'S GRAVE. By St. CLAIR BADDELEY. 8vo,

paper, 1s.
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Science and Education.
THE BIOLOGICAL PROBLEM OF TO-DAY: DIre-

formation or Epigenesis? Authorised Translation from the German of
Prof. Dr, OscAr HERTWIG, of the University of Berlin. By P. CHALmERS
MircHeLL, M.A,, Oxon. With a Preface by the Translator, Crown 8vo.

3. 64

MOVEMENT. Translated from the French of E. MAREY.

By Eric PriTcHARD, M.A., M.B., Oxon. In One Volume, crown 8&vo,
with 170 Illustrations, 7s. 64,

A popular and scientific treatise on movement, dealing chiefly with the
locomotion of men, animals, birds, fish, and insects. A large number of the
Illustrations are from instantaneous photographs,

ARABIC AUTHORS: A Manual of Arabian IHistory and

Literature. By F. F. ArpuTnnoT, M.R.A.5., Author of ** Early Ideas,"”
“‘ Persian Portraits,” &c. 8vo, cloth, ss.

THE SPEECH OF MONKEYS, By Professor R, L.

GARNER. Crown 8vo, 7s. 64.

beinemann’s Scientific bhandbooks,

MANUAL OF BACTERIOLOGY. By A. B. GRIFFITHS,
Ph.D., F.R.S. (Edin.), F.C.S. Crown 8vo, cloth, Illustrated. 7s. 64.

Pharmaceutical Journal.—"" The subject is treated more thoroughly and
completely than in any similar work published in this country.”

MANUAL OF ASSAYING GOLD, SILVER, COPPER,
and Lead Ores. By WaLTeEr LEE Brown, B.Sc. Revised, Corrected,
and considerably Enlarged, with a chapter on the Assaying of Fuel, &c.
By A, B. GriFFiTHs, Ph.D., F.R.S. (Edin.), F.C.S. Crown 8vo, cloth,
Illustrated, 7s. 6.
Colliery Guardian.—* A delightful and fascinating book.”
Financial Werld.—"'* The most complete and practical manual on everything
which concerns assaying of all which have come before us.”

GEODESY. By J. Howarp GoORE, Crown 8vo, cloth, Illus-
trated, ss.
S2, James's Gazetie.—" The book may be safely recommended to those who
desire to acquire an accurate knowledge of Geodesy.”

Science Gossip.—"" It is the best we could recommend to all geodetic students,
It is full and clear, thoroughly accurate, and up to date in all matters of earth-
measurements,”

THE PHYSICAL PROPERTIES OF GASES. By
ArTtHUR L, Kimparr, of the John Hopkins University., Crown 8vo,
cloth, Illustrated, ss.

Chemical News.—** The man of culture who wishes for a general and accurate
acquaintance with the physical properties of gases, will find in Mr. Kimball’s
work just what he requires.”

HEAT AS A FORM OF ENERGY. By Professor R, H.
THursTON, of Cornell University, Crown 8vo, cloth, Illustrated, ss.
Manchestier Examiner.—"'* Bears out the character of its predecessors for

careful and correct statement and deduction under the light of the mosL recent
diseoveries,”
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Che Great Educators

A Series of Volumes by Eminent Wryilers, presenting in their
entirvety “ A Biggraphical History of Education.”

The Times.—" A Series of Monographs on * The Great Educators’ should
prove of service to all who concern themselves with the history, theory, and
practice of education.”

The Speaker.—** There is a promising sound about the title of Mr, Heine-
mann’s new series, * The Great Educators.” It should help to allay the hunger
and thirst for knowledge and culture of the vast multitude of young men and
maidens which our educational system turns out yearly, provided at least with
an appetite for instruction.”

Each subject will form a complete volume, erown 8vo, ss.

Now ready.

ARISTOTLE, and the Ancient Educational Ideals, By
Tromas Davipson, M.A., LL.D,

The Times.—** A very readable sketch of a very interesting subject.”

LOYOLA, and the Educational System of the Jesuits. By
Rev, THomas HuGHES, S.]. :

ALCUIN, and the Rise of the Christian Schools. By
Professor Anprew F. WesT, Ph.D,

FROEBEL, and Education by Self-Activity. By H. COURrT-

HoPE Bowen, M.A.

ABELARD, and the Origin and Early History of Uni-
versities. By Jures GaprierL CompAvRE, Professor in the Facully of
Toulouse.

HERBART AND THE HERBARTIANS. By Prof, DE

GARMO,
In preparation.

ROUSSEAU ; and, Education according to Nature. By
Pavr H. Hanus.,

HORACE MANN, and Public Education in the United
States., By Nicuoras Murray ButLEg, Ph.D.

THOMAS and MATTHEW ARNOLD, and their In-
fluence on Education, By J. G. Firch, LL.D., Her Majesty’s
Inspector of Schools.

PESTALOZZI; or, the Friend and Student of Children,
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Forthcoming JFiction.

MAGGIE. By STeEpHEN CRANE. In One Volume.
A COURT INTRIGUE. By BasiL THoMmsoN. In One

Volume.

A NEW NOVEL by SARAH GRAND.

SAINT IVES. By RoBerT Lovuls STEVENSON. In One

Yolume.

A NEW NOVEL by HaLL CAINE. In One Volume.
THE REDS OF THE MIDI, an Episode of the French

Revolution. Translated from the Provengal of Félix Gras. By Mrs,
CATHERINE A. JANVIER.

THE FOURTH NAPOLEON. By CHARLES BENHAM. In

One Volume.

A NEW NOVEL by E. W. PuGH.
CHUN-LI-KUNG. By CrAaubpe REgs. In One Volume, 6s.

BELOW THE SALT. ByC. E. RAiMoND. InOne Volume.

WITHOUT SIN. By MARTIN ]J. PRITCHARD. In One

Volume, 6s.

THE WORLD AND A MAN. ByZ. Z, In One Volume, 6s.

THE FAILURE OF SIBYL FLETCHER. By AD:iLINE

SErRGEANT. In One Volume.

EMBARRASSMENTS. DBy Henrvy James. Crown 8vo

cloth.

A NEW NOVEL by Henry JaAMES. Crown 8vo.

THE DANCER IN YELLOW. By W. E. Norris. Crown
8vo, cloth. 6s.

THE MALADY OF THE CENTURY. By Max NoRrDAU,

€rownr 8vo, cloth, 6s.
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Popular 6s. Movels.

THE FOLLY OF EUSTACE. By RoOBERT HICHENS.
Crown 8vo, cloth, 65.

AN IMAGINATIVE MAN. By RoBerT HicHENs, Crown
8vo, cloth, 6s.

THE ELEVENTH COMMANDMENT. By HALLIWELL

SurcLiFrE. Crown 8vo, cloth, 6s.

ILLUMINATION. By HaroLp FRrEDERIC. Crown 8vo,
cloth, 6s.

HERBERT VANLENNERT. By C. F. Keary., Crown
8vo, cloth, 6s.
CORRUPTION. By Percy WHITE. Crown 8vo, cloth, 6s.

MR. BAILEY MARTIN. By Percy WHITE. A New

Edition, uniform with ** Corruption." Crown 8vo, with portrait, cloth, 6s.

A SELF-DENYING ORDINANCE. By M. HAMILTON.

Crown 8vo, cloth, 6s.

A COMEDY OF SENTIMENT. By Max Norpau. Crown

8vo, cloth, 6s.

THE ISLAND OF DOCTOR MOREAU. By H.G. WELLs.

In One Volume. Crown 8vo.

STORIES FOR NINON. By EmiLE ZorA. Crown 81:0,
with a portrait by Will Rothenstein. Cloth, 6s.

THE YEARS THAT THE LOCUST HATH EATEN.
By Annie E, HoLpsworTH. Crown 8vo, cloth, 6s.

IN HASTE AND AT LEISURE. By Mrs. LYyNN LINTON.
Author of ** Joshua Davidson,” &ec. Crown 8vo, cloth, 6s.

A DRAMA IN DUTCH. By Z.Z. Crown 8vo, cloth, 6.
BENEFITS FORGOT. By WoLcorT BALESTIER. A New
Edition. Crown 8vo, cloth, 6s.

A PASTORAL PLAYED OUT. By M. L. PENDERED.

Crown 8vo, cloth, 6s,

CHIMZRA. By F. MaBeL RoBINSON, Author of ¢ Mr. Butler's
Ward,"” &c. Crown Bvo, cloth, 6s.

MISS GRACE OF ALL SOULS’. By W. EpwaArps TIRE-

puck. Crown 8vo, cloth, 6s.

A SUPERFLUOUS WOMAN. Crown 8vo, 6s.
TRANSITION. By the Author of “A Superfluous Woman,”

Crown 8vo, cloth, 6s.

TERMINATIONS. By Henry James. Second Edition.

Crown 8vo, cloth, 6s.

OUT OF DUE SEASON. By ADELINE SERGEANT. Crown

Evo, cloth, 64,
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Popular 6s. Movels.
SENTIMENTAL STUDIES, By HuBerT CRACKANTHORPE.

Crown 8vo, cloth, 6s.

THE EBB-TIDE. By RoBerT LOUIS STEVENSON and LLoYD
OssourNE., Crown 8vo, cloth, 6s.

THE MANXMAN. By HarLr CAINE. Crown 8vo, cloth, 6,

THE BONDMAN. A New Saga. By HaLL CAINE. Crown 8vo,
cloth, 6s.

THE SCAPEGOAT. By Harr CaiNe. Author of * The

Bondman,"” &c. Crown 8vo, cloth, 6s.

ELDER CONKLIN; and other Stories. By FRANK

Hagrris. 8wvo, cloth, 65

THE HEAVENLY TWINS. By SAraH GRAND, Author
of " Ideala,” &c. Crown 8vo, cloth, 6s.

IDEALA. By Saran GRAND, Author of “The Heavenly
Twins,” Crown 8vo, cloth, 6s.

OUR MANIFOLD NATURE. By SaraH GranD. With

a Portrait of the Author, Crown 8vo, cloth, 6s.

THE STORY OF A MODERN WOMAN. By ELrLa

HepworTH DixoN. Crown 8vo, cloth, 6s.

AT THE GATE OF SAMARIA, By W. J. Locke. Crown

8vo, cloth, 6s.

A DAUGHTER OF THIS WORLD, By F. BATTER-

sHALL. Crown 8vo, cloth, 6s.

A COMEDY OF MASKS. By EgrNesT DowsonN and

ArTHUR Moore, Crown 8vo, cloth, 6s.

THE JUSTIFICATIUN OF ANDREW LEBRUN. By
F. BarreTrT, Crown 8vo, 6s.

THE LAST SENTENCE, By MaxweLL GRrAy, Author
of ** The Silence of Dean Maitland,” &c. Crown 8vo, cloth, 6s.

APPASSIONATA : A Musician’s Story, By ELsA D'ESTERRE
KeeLinG. Crown 8vo, cloth, 6s.

THE POTTER’S THUMB. By F. A, StTEEL, Author of

¥ From the Five Rivers,” &c. Crown 8vo, cloth, 6s.

FROM THE FIVE RIVERS. By FLoRA ANNIE STEEL.
Author of ** Miss Stuart’s Legacy.” Crown 8vo, cloth, és.

RELICS. Fragments of a Life. By Frances MacNaB. Crown
8vo, cloth, 6s.
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Popular 68, Movels.

THE TOWER OF TADDEO. By Ouipa, Author of *“Two
Little Wooden Shoes,” &c. New Edition. Crown 8vo, cloth, Illus-
trated, 6s.

THE MASTER. By I. ZancwiLL, With Portrait, Crown
gvo, cloth, 6s,

CHILDREN OF THE GHETTO. By I. ZANGWILL,
Author of “The Old Maids' Club,” &c. New Edition, with Glossary.
Crown 8vo, cloth, 6s.

THE PREMIER AND THE PAINTER. A Fantastic

Romance, By I, ZanewiLL and Lovis CoweN. Third Edition. Crown
8vo, cloth, 6s.

THE KING OF SCHNORRERS, GROTESQUES AND
FANTAEI'SES. By I. ZanawiLL. With over Ninety Illustrations. Crown
Bvo, cloth, 65,

THE RECIPE FOR DIAMONDS. By C.]J. CUTCLIFFE

Hvne, Crown 8vo, cloth, 6s.

A VICTIM OF GOOD LUCK., By W. E. Norris, Author

of * Matrimony,” &c. Crown 8vo, cloth. 6s.

THE COUNTESS RADNA. By W. E. Norris, Author of

“ Matrimony,” &c. Crown 8vo, cloth, 6s.

THE NAULAHEKA. A Taleof Westand East. By RUDYARD

KirLing and WorcorT BALESTIER., Second Edition, Crown Bvo,
cloth, 6s.

AVENGED ON SOCIETY. By H. F. Woop, Author of

“ The Englishman of the Rue Cain,” ** The Passenger from Scotland
Yard." Crown 8vo, cloth, 6s.

THE O'CONNORS OF BALLINAHINCH. By Mrs,

Huncerrorp, Author of “ Molly Bawn,"” &c, Crown 8vo, cloth, 6s.

A BATTLE AND A BOY. By BrancHE WiILLIS HOWARD,
With Thirty-nine Illustrations by A, Mac-NigLL-Barsour, Crown 8vo,
cloth gilt, 6s.

Five Shilling Volumes.
THE ATTACK ON THE MILL, By EMILE ZoLA. With

Twenty-one Illustrations, and Five exquisitely printed Coloured Plates,
from original drawings by E. Coursoin. In One Volume, 4to, ss.

THE SECRET OF NARCISSE. By Epmunp Gosse,

Crown 8vo, buckram, ss.

VANITAS., By VErNON LEE, Author of ‘*Hauntings,” &c.
Crown 8vo, cloth, ss.

Two Shillings and Sixpence.
THE TIME MACHINE. By H. G. WeLLs. Cloth, 25, 64.;
paper, 15, 6d.
THE DOMINANT SEVENTH: A Musical Story. By

KaTe ErizagetH CLArRKE., Crown 8vo, cloth, 25 6d.
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The Pioneer Series,

12mo, cloth, 35. net; or, paper covers, 25, 64, net,
The Atheneum.—"" If this series keeps up to the ent high level of interest

&5
novel readers will have fresh cause for grahtude 1o R'[ Heinemann,”

The Daily Telegraph.—'"Mr. Heinemann's genial nursery of up-to-date
romance,"’

The Obserper.—"* The smart Pioneer Series."”

The Manchester Courier.—"‘ The Pioneer Series promises to be asoriginal as
many other of Mr. Heinemann's ventures,”

The Glasgow Herald.—"' This very clever series.”
The Sheffield Telegraph.—"' The refreshingly original Pioneer Series,”
Black and Wihite.—" The brilliant Pioneer Series.”

The Liverpool Mercury.—" Each succeeding issue of the Pioneer Series has
a character of its own and a special attractiveness,"

JOANNA TRAILL, SPINSTER. By Annie E. HoLDs-

WOHRTH.

GEORGE MANDEVILLE'S HUSBAND. By C. E

Raimonp.
THE WINGS OF ICARUS. By LAURENCE ALMA TADEMA.
THE GREEN CARNATION. By RoperT ILICHENS,
AN ALTAR OF EARTH. By TuvmoL MoONK.

A STREET IN SUBURBIA. By E.W. PuGH,
THE NEW MOON. By C. E. RAIMOND.

»

MILLY'S STORY. By Mrs. MONTAGUE CRACKANTHORPE.

MRS. MUSGRAVE — AND HER HUSBAND. B}'
RicHarD MARSH.

THE RED BADGE OF COURAGE. By STEPHEN CRANE.
THE DEMAGOGUE AND LADY PHAYRE. By

WiLLiam J. Locke. |
HER OWN DEVICES. By C. G, ComprTON,
PAPIER MACHE. By CHARLES ALLEN.
THE NEW VIRTUE. By Mrs. OscAR BERINGER.
ACROSS AN ULSTER BOG. By M. HaMILTON.

ONE OF GOD’'S DILEMMAS. By ALLEN UPWARD.
Other Volumes to foliow,



28 MR, HEINEMANN’S LIST.

UNIFORM EDITION OF

THE NOVELS OF BJORNSTJERNE BJORNSON

Edited by Epmunp Gosse.
Feap. Bvo, cloth, 35, net each Volume,

Vol. ._SYNNOVE SOLBAKKEN.

With Introductory Essay by Epmunp Gossg, and a Portrait of the Author.

Vol. IL—ARNE.
Vol. III.—A HAPPY BOY.

To be _followed by
IV. THE FISHER LASS. VI. MAGNHILD AND DUST.
V. THE BRIDAL MARCH |VII. CAPTAIN MANSANA
AND A DAY. AND MOTHER'S HANDS.

VIII. ABSALOM’S HAIR, AND A PAINFUL MEMORY,

UNIFORM EDITION OF

THE NOVELS OF IVAN TURGENEYV.

Translated by ConsTANCE GARNETT.

Fcap. 8vo, cloth, price 3s. net each Volume,

Vol. L.-RUDIN.

With a Portrait of the Author and an Introduction by STEPNIAK.
Vol,. I.—A HOUSE OF GENTLEFOLK.
Vol. III.—ON THE EVE.

Vol. IV..FATHERS AND CHILDREN.
Vol. V..SMOKE.

Vol. VI, VIL.—VIRGIN SOIL. (Two Volumes.)
Vol. VIII,, IX,—A SPORTSMAN’S SKETCHES,

(Two Volumes).

1 i
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Heinemann’s International Library,
Epitep B¥ EDMUND GOSSE.

New Review.—'* If you have any pernicious remnants of literary chauvinism
I hope it will not survive the series of foreign classics of which Mr. William
Heinemann, aided by Mr. Edmund Gosse, is publishing translations to the great
contentment of all lovers of literature.”

Each Volume has an Introduction specially written by the Editor.
Price, in paper covers, 25. 6., each; or cloth, 3s. 64,

IN GOD'S WAY. From the Norwegian of BJORNSTJERNE
BjorNSON.

PIERRE AND JEAN. From the French of Guy pE Mauv-

PASSEANT.

THE CHIEF JUSTICE. From the German of KARL EMIL

Franzos, Author of * For the Right,” &c.

WORK WHILE YE HAVE THE LIGHT. From the

Russian of Count Lo ToLsTov,
FANTASY. From the Italian of MATILDE SERAO.

FROTH. From the Spanish of Don ARMANDO PALAcIO-
VaLpis.

FOOTSTEPS OF FATE. From the Dutch of Louis

COUFERUS.

PEPITA JIMETNEZ. From the Spanish of Juanmw VALERA.

THE COMMODORE’'S DAUGHTERS. From the Nor-
wegian of Jonas Lie,

THE HERITAGE OF THE KURTS. From the Norwegian

of BJORNSTJERNE BJORNSON.

LOU. From the German of BARON ALEXANDER VON ROBERTS.
DONA LUZ. From the Spanish of JuAN VALERA.

THE JEW. From the Polish of JoserH IGNATIUS KRASZEWSKIL.
UNDER THE YOKE. From the Bulgarian of IVAN VAZOFF.
FAREWELL LOVE! From the Italian of MATILDE SERAO.

THE GRANDEE. From the Spanish of Don ARMANDO
PavLacio-VaLpgs,

A COMMON STORY. From the Russian of GONTCHAROFF.

WOMAN'S FOLLY. From the Italian of GEMMA FERRUGGIA.

SIREN VOICES (NIELS LYHNE). From the Danish of
J. G. JACOBSEN.

In preparation.
NIOBE. From the Norwegian of JoNAs LIE.
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hopular 3s8. 60. Movels.
ELI'S DAUGHTER. By ]. H. PEArRcE, Author of *“Incon-

sequent Lives."

INCONSEQUENT LIVES. A Village Chronicle. By J. H.

Pearce, Author of *“ Esther Pentreath,” &ec.

HER OWN FOLK, (En Famille.) By HecTtor MALOT,
Author of ** No Relations."” Translated by Lady Mary Lovp.

CAPT'N DAVY'S HONEYMOON, The Blind Mother,
and The Last Confession. By HALL Caing, Author of ** The Bondman,”
“The Scapegoat,”’ &c. :

A MARKED MAN: Some Episodes in his Life. By Apa
CamerIDGE, Author of “A Little Minx,” * The Three Miss Kings,'
““Not All in Vain,” &c.

THE THREE MISS KINGS. By ApA CAMBRIDGE.

A LITTLE MINX. By ApA CAMBRIDGE,

NOT ALL IN VAIN. By ApA CAMEBRIDGE.

A KNIGHT OF THE WHITE FEATHER. By TasMma,

Author of ““ The Penance of Portia James,” ‘“Uncle Piper of Piper's
Hill,” &e. i

UNCLE PIPER OF PIPER’S HILL. By Taswma.
THE PENANCE OF PORTIA JAMES. By TAsMA.

THE COPPERHEAD ; and other Stories of the North

during the American War. By HarorLp Freperic, Author of ** The
Return of the O'Mahony,"” “‘In the Valley,"” &e.

THE RETURN OF THE O'MAHONY. By HARroOLD

FrepErIC, Author of * In the Valley,” &c. With Illustrations.

IN THE VALLEY. By HaroLD FREDERIC, Author of
““The Lawton Girl,” * Seth's Brother's Wife,”" &c. With Illustrations.

THE SURRENDER OF MARGARET BELLARMINE,
By ApELINE SERGEANT, Author of ** The Story of a Penitent Soul,”

THE STORY OF A PENITENT SOUL. Being the

Private Papers of Mr. Stephen Dart, late Minister at L}rnnhridgc, in the
County of Lincoln. By ApELINE SERGEANT, Author of ** No Saint,” &c.

NOR WIFE, NOR MAID. By Mrs. HUNGERFORD, Author
of ** Molly Bawn,"” &c.

THE HOYDEN. By Mrs. HUNGERFORD.

MAMMON. A Novel. By Mrs. ALEXANDER, Author of * The
Wooing O't,”" &e.

DAUGHTERS OF MEN. By HANNAH LyNCcH, Author of
““The Prince of the Glades,” &c.

casd
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Popular 3s. 60. Movels.

AROMANCE OF THE CAPE FRONTIER. By BERTRAM
Mitrorp, Author of ** Through the Zulu Country,” &c.

'TWEEN SNOW AND FIRE. A Tale of the Kafir War of
1877. By BErTRAM MITFORD.

ORIOLE’S DAUGHTER. By JessiE FOTHERGILL, Author
of ““The First Violin,” &c.

THE MASTER OF THE MAGICIANS. By EL1zABETH

STUART PHELPS and HErRBERT D. WARD.

THE HEAD OF THE FIRM. By Mrs. RIDDELL, Author
of *“ George Geith,” * Maxwell Drewett,” &c.

A CONSPIRACY OF SILENCE. By G. COLMORE,
Author of ** A Daughter of Music,” &c.

A DAUGHTER OF MUSIC. By G. CoLMORE, Author of

‘* A Conspiracy of Silence.”

ACCORDING TO ST. JOHN. By AMELIE RivEs, Author
of ** The Quick or the Dead.”

KITTY'S FATHER. By FRrRANK BARRETT, Author of
“The Admirable Lady Biddy Fane,” &c.

A QUESTION OF TASTE. By MAARTEN MAARTENS,
Author of *“* An Old Maid's Love,” &c.

COME LIVE WITH ME AND BE MY LOVE. By

RoperRT BucHANAN, Author of “ The Moment After,” ** The Coming
Terror,” &c.

DONALD MARCY. By ELIZABETH STUART PHELPs,
Author of “* The Gates Ajar,” &c.

IN THE DWELLINGS OF SILENCE. A Romance

of Russia. By WaLkeEr KENNEDY.

LOS CERRITOS. A Romance of the Modern Time. By

GERTRUDE FRANKLIN ATHERTON, Author of “ Hermia Suydam,” and
“What Dreams may Come."”
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Sbhort Stories in One Volume,

Three Shillings and Sixpence each.
WRECKAGE, and other Stories. By HUBERT CRACKAN-

THORPE. Second Edition.

MADEMOISELLE MISS, and other Stories. By HENRY
HARLAND, Author of ** Mea Culpa,” &c.

THE ATTACK ON THE MILL, and other Sketches

of War. By EmiLeE ZoLa. With an Essay on the short stories of M.
Zola by Epmunp GossE.

THE AVERAGE WOMAN. By WoLCOTT BALESTIER.

With an Introduction by HENRY JAMES,

BLESSED ARE THE POOR. By Frangois CoPPEE,
With an Introduction by T. P. O'ConNoOR.

PERCHANCE TO DREAM, and other Stories, By MAR-

GARET 5. BRISCOE.

WRECKERS AND METHODISTS. Cornish Stories. By
H. D. Lowry.

Popular Shilling JBooks.

PRETTY MISS SMITH. By FLORENCE WARDEN, Author
of ““The House on the Marsh,”” ** A Witch «f the Hills,” &ec.

MADAME VALERIE. By F. Lu PHiLiPs, Author of ‘“As
in a Looking-Glass,” &c.

THE MOMENT AFTER: A Tale of the Unseen. By

RoeerT BUCHANAN.

CLUES; or, Leaves from a Chief Constable’s Note-Book.
By WiLLiam HEnpERSON, Chief Constable of Edinburgh.

THE NORTH AMERICAN REVIEW.

Edited by LLoyD BrycE.
Published monthly. Price 2s. 6d.

THE NEW REVIEW.

NEW SERIES.

Edited by W. E. HENLEY.
Published Monthly, price 1s.

LONDON:
WILLIAM HEINEMANN,
21 BEDFORD STREET, W.C,












