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PREFACE,

help and furtherance which he has given to its publication,
Mr. TOMALIN has especially assisted me in the literary
revision of the proofs, and in the endeavour to aim at
idiomatic correctness of diction. For the scientific inter-
pretation of Dr. JAEGER’S ideas I am alone responsible.
I take this opportunity of acknowledging the readiness
of the various publishers of Dr. JAEGER’S works to allow
me to make whatever selections appeared to me to come
within the scope of this volume. A list of these works will
be found at the end of the book by those who desire to
study Dr. JAEGER’S writings in the original.

.While great pains have been taken to ensure the
faithtul rendering into English of the sense of I)r. JAEGER’S
writings included in this volume, the translation is not to
be understood as, in all cases, a strictly literal one. The
scopz of the work has, moreover, necessitated a certain
amount of abridgment, in which, however, caretul regard
has been had to the context.

I have tried to render the essays as intelligible as
possible to the general public, but in some instances
scientific accuracy would have suffered from an endeavour
to write in a too popular manner. In order to overcome
this difficulty a small glossary is appended, explaining the
less tamiliar terms used by Dr. JAEGER.

In conclusion, I would draw the reader’s attention
to the two letters of CHARLES DARWIN, which will be
found at the beginning ot the book. They are of interest
both from a scientific and from a historic point of view,
revealing not only the scrupulous desire for the investigation
of truth, but also the characteristic modesty and simplicity,
of the greatest natural philosopher of our century.

ITHE EDITOR.
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2 ORIGIN OF FIRST ORGANISMS.

something definite about the molecular structures in which
these elements combined, but no doubt carbon—which we must
regard as the fundamental basis of all organic compounds—was
present as carbonic acid in the atmosphere which surrounded the
globe during the time when the latter was in a state of fusion,
Therefore, it is evident that cardonic acid is the starting point for
all those compounds which proved capable of becoming organised,
and these compounds have been formed under the influence of
water at a temperature lower than 167° F., as before explained.
Nitrogen, which also plays such an important part in botany, was
doubtless present as a hydrogen compound, viz. : as ammonia.*

Hence, we have two simple chemical compounds of great
importance and simplicity, viz. : carbonic acid and ammonia ; and
as the two react upon each other, we may say that the starting
point for all organic life upon our planet, ﬂ:&n‘ﬁar animal or
vegetable, was an aqueous solufion of AMMONIA CARBONATE.

If we further remember that compounds of sulphur and phos-
phorus were likewise universally present, we arrive at once at
a compound which is in every respect analogous to that known to
us as protein, and which is no longer soluble in water, but separates
from it in a liquid state, forming a drop concentrically differentiated
and completely analogous to our present organic cytodes and cells.

The next thing we have to examine is the nature of these first
organic beings. Wecan affirm with certainty that these first forms
could not possibly have propagated their species by means of a
sexual process, because mere cells, or organisms similar to them,
can only propagate themselves by division ; and whatever we may
assume, it is certain that these first beings were unicellulate animals.

Regarding the question from another side, we come to the same
result. These first beings could not, of course, be such as were
dependent for their food on other organic beings; they were
qeither carnivorous, nor plant-eating, nor parasitic animals; but
must have derived their food entirely from inorganic substances.
Hence multicellulate organisms are at once excluded. On the
other hand, it has been proved that many unicellulate organisms,
e.¢., the well-known yeast-cells, can live upon inorganic food ; and
in this connection it is very interesting that the inorganic.

et

*Tt is not iﬂ'l_pussible that nitric acid also existed in a free state.



ORIGIN OF FIRST ORGANISMS. 3

compound on which they can exist is nothing else than ammonia
carbonate, which we have found to play such an important part at

the commencement of all organic life.
We can also arrive at a fairly definite conclusion as to the

space over which these first organic beings were probably
distributed on the globe. If we try to reconstruct the physical
conditions which must have existed in that remote geological age,
we come to the result that the chemical, physical, and geological
state of things was so monotonous that, in all probability, such
compounds could easily make their appearance everywhere on the
surface of the globe. There was certainly neither a difference of
geographical zones, nor, to any extent, a separation between land
and watef, nor between fresh water and salt water ; and the tem-
perature and chemical composition of the water, as well as of the
atmosphere, must have been almost identical everywhere. - This
greatly favours the assumption that these simple organic com-
pounds existed in innumerable places, the ocean being peopled
by countless organisms which had favourable opportunities to
propagate themselves by division. This first population of our
planet was, it is needless to mention, one of the utmost monotony,
all beings consisting of the above-described unicellulate plasma
pieces. Thus the question is excluded as to whether we have
animals or plants before us; we have to go back to those first
stages of biology, which are described as “ profo-ontes " or “ protists,”
and which are neither animal nor vegetable, but from which the two
organic kingdoms have divided, like two different branches of a tree.

Haeckel has proved that the cell itself is not the simplest organie
being, but that, as we have mentioned, mere pieces of germ-
plasma, which he calls “ cytodes,” are the simplest forms of organic
life. I shall, later on, deal with the question of these simple
pr?tup]asmatic beings, to which the monera,® as well as most of the
rhizopodes, belong.

Summing up, we find that the first organic beings apﬁeared on
the earth under the following conditions —

1. They made their appearance in the ocean which covered
almost the whole surface of the globe, after the temperature of this
ocean had been reduced to less than 167° F,

*The discovery of the monera is the result of Haeckel's

splendid investigations,
A2




4 ORIGIN OF FIRST ORGANISMS.

2. They probably appeared simultaneously in many parts of the
globe.

3. These first beings were either simple protoplasmatic pieces,
like the monera, or they were other unicellulate organisms, like the
monadines, protococces, astasiaees, &c.

4. The material of which they consisted was doubtless a protein
compound formed by the reaction of sulphur and phosphorus on
ammonia carbonate.

These are the conclusions which we can with certainty draw
from our present physical, chemical, and geological information.
On a merely empirical line it will never be possible to solve the
problem of the beginning of organic life, because we cannot expect
to find remnants of these first animals embedded in the rocks of
the oldest geological periods. All that has been said in this respect
has been found to be incorrect, as the oldest sedimentary formations
have suffered such great changes that any traces which might have
existed must have been altogether destroyed.

Our next question is: How did these simple organisms develop
into multicellulate animals and plants, thus producing the innu-
merable varieties of forms which characterise the present and most
of the previous geological ages ? It is evident that none of these
forms could have directly originated from inorganic matter in the
same way as simple protoplasm ; for an organism which owes its
existence to sexual propagation can at no time have come into
existence without parents, unless we leave the firm basis of natural
science and drift into theories of creation. Hence, the one thing that
we can state for certain is that all mulficellulates have developed
from unicellulate organisms. This view is supported by the fact
that every multicellulate being now living is, in the first stages of
its life, unicellulate.

If this assumption is correct, the connecting links between the
unicellulate and multicellulate forms must have been analogous to
the various forms which our present animals show in their
embryonal development.

Palzontology, which has made us acquainted with the plants and
animals of previous geological ages, has given us very interesting
information in this respect. In the oldest epochs the characteristic
features of the then living plants and animals show an unmistakeable
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B PROTOPLASM.

frog), we may safely conclude that in this case the two albumin
compounds play the part of the electro-motors in a manner closely
correspongding to the two metals of a galvanic column.

Under these circumstances we can apply Du Bois Reymond's
researches on the forces of nerves and muscles fo the wvital
forces in general. We are supported in this respect by
Becguerel's investigations on the so-called electro-capillarity,
according to which the endosmotic, exosmotic, and dialytic
processes are likewise due to electric tensions between intra-
cellular and extra-cellular substances. Everything is therefore
in accordance with my theory of the vital forces, which I formulate
as follows :—

Animal protoplasm s an emulsive mixture of at least three
chemically different substances, of which ar least two are albumin
compounds.

The electrical tensions produced by the chemical differences are
the cause of the sensibility, contractibility, and exchange of matter
of the organic substances, in fact they are the cause of the vital
forces. Exchange of matter is due to the electric tensions between
the protoplasmatic substances and the medium surrounding the pro-
toplasm (Becquerel's electro-capillarity). The exchange of matter
within the protoplasm is a dialytic process, and the forces which
become free by it are thermical, electrical, and mechanical forces.
There cannot be the slightest doubt that the characteristics of
protoplasm are those of wvarious albuminous compounds, the
chemical contrasts of which produce electrical tension. This is in
accordance with all that I have previously said about the origin
of organic life on our globe. The origin of these compounds—
each of which is by itself absolutely dead—is a yet unsolved
problem of synthetic chemistry ; but after the splendid discoveries
of Wiirtz and Berthelot in this direction, its solution can only be
a question of time. ,

In connection with this matter we have now to discuss Haeckel's
view on spontapeous generation. We have seen that he regards
the crystallizing process as one of the utmost importance. All
that we know about crystallization suggests the idea that the
crystallizing body must consist of one simple chemical compound
(in this case an albumin compound). But we have proved that
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a mixture of at least three albuminates. That

we have to deal with
cell,

this is actually so is shown by the following sketch of a nerve-

drawn by Schultze. s

a. Nucleus of nerve-cell.
b. Protoplasmatic fibres, granules, and fundamental substance.

¢. Origin of nerves,

In all kinds of protoplasm we distinguish between the fundamental
substance and its granules. ZAaeckel is not quite logical in saying
that the monera are perfectly homogeneous, as he himself speaks of
their capacity of swelling. This capacity can only exist if we have
not merely a fundamental albuminous substance before us, but at
the same time an imbibition liquid. The third factor, the granules,
which Haeckel did not always observe, will be dealt with later on.

We now come to an important fact which has hitherto been
altogether disregarded. My views on the origin of the first
organisms® lead me directly to the question of organic fertilization.
Since Amici has explained vegetable fertilization, and since Keber has
shown how the sperma-cells enter the animal egg, we must regard
every fertilization as a physical process, z.e., as a mixture of chemi-
cally closely-related, but nevertheless unequal, substances. It is
only one step more to regard the effects of fertilization as due
to electrical tension, as an increase of the vital forces is always
noticeable. Fertilization and spontaneous generation are in all
probability physiologically one and the same thing, and differ only
gradually from each other,

* See ::hapte-r L










12 FUNDAMENTAL LAWS OF DEVELOPMENT.

development of animals exists, or it does not exist: either
ontogeny is a short repetition of phylogeny, or it is not. There is
no third possibility | Either we have to adopt epigenesis and
descent, or preformation and creation |

My reply to this statement is, that it looks like a blind belief in a
certain kind of preformation to assume that the phylogenetic
development is the preformed image, according to which
the ontogenetic development must by necessity take place ;
without allowing any influence to the many important external
factors, such as the force of gravitation, the limits of space, the
admission or exclusion of light, the conditions of heat, moisture,
affinity, pressure, tension, &c., &c. Moreover, is it quite super-
fluous to examine the chemical and physical properties of the
ontogenetic protoplasm, and to investigate what influence they
may have on the specific growth of the embryo ?

I cannot imagine that Haeckel seriously intends to deny that the
cause effictentes by which the ovum of an animal is developed lie
in the ovum itself, and not somewhere else, We all admit, of
course, that the composition of the protoplasm of the ovum of any
animal is the result of the phylogenetic development of the species
through millions of generations; and that there is only one fact
which gives us an idea of this whole process of development, viz.,
the above-mentioned repetition of the phylogenesis by the onto-
genesis. But this does not give us the slightest information about
‘the nature of the chemical and physical agencies by which the
ovum of an animal is forced to develop itself in one specific direc-
tion, and not in any other. It is impossible to discover the nature
of these agencies otherwise than by a chemical and physical
examination of the ovum in its present condition ; and we cannot
hope to solve the problem of phylogenesis until we know how
the protoplasm of any animal ovum has obtained its specific
properties. To fully understand the ontogenetic development, it
is necessary not only to consider the phylogenetic influences, but
also to take into account all the causes of the differentiation of the
tissues, and of the chemical and physical conditions of develop-
ment, viz., the force of gravitation, the lension of the tissues, the
motion and migration of the cells, the results of diffusion, &e., &c.
All these factors are entirely disregarded by Haeckel, who claims
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dogmatic infallibility for the biogenetic law. But science will
accept no dogma, neither from friends nor from anﬂne:?ts, an.d
my own investigations show that A7’ abov-:-men.tmned investi-
gations, although incomplete, can neither be disregarded nor
summarily condemned.

It is evident that the germ-plasma of any animal must possess
all the various properties which are essential for reaching a special
final stage of animal development, and that consequently the great
variety of organisms in the animal kingdom is due to differences of
the germ-plasma. It is impossible that germs of different species
are equal and equivalent.

This has been misunderstood by many adherents of the theory of
descent, who regard the early stages of the embryos of different
species as equal, owing to the fact that the similarity of the embryos
increases in opposite proportion to their age and -development.
But this is a great mistake : The embryos of two different species
are always spectfically different, however similar their outward
appearance may be. Agassiz® goesso far as to say that the ova of all
animals are equal, an opinion which we need hardly discuss, as it is
sufficient to consider the enormous variety of the ova of the insects,
fishes, molluscs, &c., &c., to become convinced that the differences
between the grown-up animals exist already in the ova, That the
apparent differences in the ova are smaller than those in the grown-
up animals is due to the fact that a much greater variety of conditions
exist during and after the embryonal development than at the
beginning of it. For example, the difference between the ovum
of a jelly-ish and that of a vertebrate is seemingly small, while
the conditions of development differ enormously ; hence the two
ova must from the outset be very different, in spite of their apparent
similarity.

We are still far away from the possibility of explaining the em-
bryonal development as a series of chemical and physical reactions
which are due to the specific composition of the ova and to the
different circumstances of their development. But we can with
certainty say that many important differences in the development
of animals are due to the chemical and physical differences of the
protoplasm of the ova of different species.

*Der Echﬁﬁangspiﬁnl_ _P;lge q.
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16 FUNDAMENTAL LAWS OF DEVELOPMENT.

; 2 'I"he essential feature in keeping the protoplasmatic substance
ai.we 1s the fact that the substances which form the mixture
differ frm‘n one another, and that therefore tension is produced.
The. motions resulting from this tension disturb the equilibrium of
affinity, and produce decomposition of the substances in the
presence of free oxygen. Thus forces become free which make
themselves noticeable, either as fluctuations within the proto-
plasmatic substance, or as amceeboidal motion and contractibility:,

After having investigated the connection between the different
embryological forms on the one side, and the chemical and physical
properties of the germ-plasma on the other, we will now examine
the parallelism existing between the development of the individual
and that of its species, as laid down in the above-mentioned
fundamental biogenetic law, which has of late been so much
attacked. I regard the explanation given by this law of the
analogy existing between the embryos of higher animals and
the permanent development of lower animals, as an important
step in advance for all branches of genetic zoology.

This law is the crimson thread by means of which we may find
our way through the labyrinthic difficulties of the relations of the
numerous species to one another. But we must not overlook
the danger, which nevertheless exists, of losing our way, as the
germ forms are not identical with, but only very similar to, their
parental forms, z.e., certain characteristic features are equal, but
others are quite different, and these latter render the conclusion
from the form of the germs to that of the species in many cases
‘uncertain.

After all that I have said, it will be easily understood that we
have here to deal with the double influence of nkeritance and
adaptation. 'While, however, the latter can be easily understood,
the history of inheritance has found no satisfactory explanation,
because the key to this question has not been discovered.* It is
only possible to approach this difficult question by again investi-
gating the nature of the germ-plasma.

The fact that Haeckel has discovered nothing in this respect,
except that he states the parallelism between ontogeny and

"* Compare the subsequent discoveries of Dr. Jasger in this respect, See
chapter IX.
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phylogeny, lies in the circumstance that he really barred his own
progress, by assuming that the protoplasm of animals is a Aosmio-
geneous albumin compound. But this is not correct, as we have
seen. Animal protoplasm is sof a homogeneous substance ;
on the contrary, it is capable of a great many and very important
chemical and physical variations, which are of a characteristic kind
for every animal species. Men like Aaecke/ and fis, who have never
made researches in this direction, should not therefore feel surprised
that they did not succeed in explaining the problem of inheritance.

It is quite true that we have still to learn much about protoplasm
and its properties; but this difficulty is no reason why we should not
make use of our present knowledge on the subject ; and I think that
the previous chapters have convinced the reader that we know at the
present time a great deal about protoplasm which is well worthy to
be used in comparative and critical investigations. So much is
certain, whoever desires to promote our knowledge of inheritance
must in the first place study the germ-plasma and its properties.

We therefore come to the conclusion that all protoplasmatic
dispositions which successively make their appearance in the history
of the species, are of such a kind that they may occur in one and
the same piece of protoplasm. They cannot, however, appear
simultaneously, but only at well-determined periods, when the
progress of development has reached a certain organic complication,
during the continuance of which they are able to influence the
formal course of development.

We see trom this fact the mechanical necessity that a certain
parallelism exists between the history of the species and that of
the individual. The history of the latter divides itself into a series
of stages, each of which is governed in its formal development by a
well-determined plasmatic disposition, and this disposition is the
same which has at some time governed a certain stage of the
history of the species. These two corresponding stages necessarily
show certain similar features., For example, the phylogeny of the
\'Erteh.lrﬂtﬁs contains the stage of the cartilagenous fishes, and this
;Eiifelfsﬂ ::b;}zc:hi;o ;:f:hﬁndrigennus disposition of th‘,: pr?tﬁpllﬂ%m.

, geny of the bone-vertebrates, this disposition
gt_werns that stage of the embryonal development which commences
with the appearance of the spinal cord and ends with the substitution

I












PRINCIPAL LAWS OF DIFFERENTIATION. R |

of granules, and this proves that their substance is mnstantl.y
in a state of being mixed. No tendency to a concentric
differentiation is in such a case observable ; but as soon as the
mobility decreases, concentric differentiation sets in, and an exo-
sarcoma is likely to be developed. That this difference of mobility
is not only the cause of the exosarcoma and endosarcoma, but also of
the differentiation into nucleus and protoplasmatic mantle, is proved
by the fact that the plasma of the amoebz, which have a nucleus,
in no case reaches the same degree of fluctuation as that of other
protoplasmatic animals without a nucleus.

A further important modification, by which the cellulate animals
and the protoplasts are divided into different groups, is the
differencg between capsuligenous and a-capsuligensus protoplasm.
Probably this modification is also due to a temporary decrease of
the contractibility of the protoplasm, as it always occurs when
the protoplasm is in a state of inactivity. We must remember that
when the number of granules in the plasma is small there is little
organic energy. But so soon as the number of granules increases,
a development of organic energy takes place, the greater number
of granules being at the same time an obstacle to the mechanical
effect of this energy.

Moreover, the size of the granules is a feature of great impor-
tance, as large granules obstruct the active physilogical energy of
the protoplasm. Large-sized granules are therefore comparatively
inactive, while those of smaller size (having in proportion a larger
surface, and therefore more contact with the fundamental substance)
produce a greater amount of physiological energy, Furthermore,
when the granules are irregularly distributed in the fundamental
substance, the changes of form incline to be irregular and of
an amoeboid character. But whenever we find a regular arrange-
ment of them, as, e.z., in cross-striped muscles, we notice linear
reduction only; or, if the granules are exceedingly fine, as in
neuro-p:mtoplabm, no change of form is perceptible, and only
the active physiological energy is developed.

_ Another physiological point of great importance is the degree of
imbibition of different kinds of protoplasm, as a higher degree of

fluidity of the fundamental substance produces greater fluctuations
and changes of form,
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24 PRINCIPAL LAWS OF DIFFERENTIATION.

view is supported by the bodily development of the flagellata, which
hold an intermediate position, as their exosarcoma and endosarcoma
are much more conspicuous than is the case with the amoebz,
while they are by no means so highly developed as are the
corresponding parts of the ciliata,

Consequently, the flagellogenous-differential protoplasm must be
considered as the connecting link (both as regards active energy
and differentiation) between the other two modifications.

- From these facts I draw the important conclusion, that @ direct
connection exists between the characteristic differentiations of the
lowest groups of animals and the gradual decrease of the physical
energy of the protoplasmatic substance of which they consist.

Prnr:eediné to the multicellulate animals, we have already seen
that the existence of these animals is due to a further decrease of
the active protoplasmatic energy. Comparing the egg-plasma of a
multicellulate animal with that of a rhizopode, we notice a remark-
able difference in the degree of pellucidity, viz,, the protoplasm of
the rhizopode is much more homogeneous, and contains a great
many exceedingly fine granules, while the multicellulate proto-
plasm appears turbid, and contains larger granules, which differ
among themselves in size and composition. This protoplasm is
characterised by its great inactivity, as compared with the amceboidal
protoplasm of unicellulate animals. The consequence is, that the
embryonal cells associate together, forming a small cell-heap, which
Haeskel appropriately calls morula. The morula develops into the
hollow blastula, and the latter into the gastrula, as is well known.
The gastrula is the most important stage of the multicellulate onto-
genesis, and Haeckel's gastrea theory has been strongly con-
firmed by the discovery of living animals which are completely
identical with the ontogenetical gastrula. The blastula develops
into the gastrula by the resorption of the contents of the former.
The great question is, which property of the protoplasm produces
this resorption ? We know that volvocines and catallacts have
neither resorption nor gastrula, it being evident that the sur-
face-cells of these animals allow the surrounding water to penetrate
into the interior. Hence it is probable that the blastula stage will
disappear so soon as none of the surrounding liquid can penetrate
into the interior.
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But what is the reason that gastruligenous protoplasm becomes
less pervious? There are only two possibilities, viz., either the
embryonal cells close firmly together, ze., the adhesive properties
are increased, or the protoplasm itself attains to a more solid
condition. In any case, this great step in the direction of a
higher development is evidently due to a simple metamorphosis of
the embryonal protoplasm.

The next step in the differentiation of the multicellulate animals
is the division into coelenterata and enterata. While the former
remain stationary at the gastrula stage, usually developing only the
exodermatic and entodermatic layers, the latter develop a peri-
gastrium which is filled with what I may term the primary liquid
of nutrition, corresponding to the lymph of the vertebrate animals.
This liquid being a product of the protoplasm of the enterata, I call
it lymphagenous protoplasm, while the protoplasm of the coelen-
terata is of an a-lymphagenous nature. If we inquire into the
chemical and physical causes which render animal protoplasm
lymphagenous, we shall find that a further increase of the adhesive
properties and of the differentiation is the most likely reason.

As this is a very important point, it must be explained in detail.
The ontogenesis of the coelenterata teaches us that these animals
use all their embryonal cells for the production of the exodermatic
and entodermatic layers ; and in a few cases, where a mesodermatic
layer is also formed (e.g., anthozoa), this is subsequently developed
from either of the former. No further differentiation of the cells
takes place, because the undeveloped adhesive properties of
the protoplasm allow the new cells to be arranged in such a
way that no other conditions of existence can arise. Each new
cell discharges its liquid secretions, and no necessity for the
formation of a perigastrium arises.

But dll this changes so soon as the adhesivity and solidity of the
Pfﬁt::*?lfﬂsm become greater, and its faculty of differentiation, z.e., its
sensibility towards external influences, increases. The first impor-
tant consequence is that the embryonal cells which are situated
between the exodermatic and entodermatic layers are firmly
Enca*-.-:.ed, and have no longer the same development as the outward
zlf"d ;;gzﬁ:u:iac:& cells of the body. Hence a me,.snde:rmal:ic layer,

gin than the one above described, makes its
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ORIGIN OF SPECIES. 29

have numerous proofs that animal species vary—in many cases to
2 considerable extent. This fact is chiefly supported by the
observation of our domesticated animals and plants, the great varia-
bility of which has never been seriously disputed. Moreover, we:
also know of a number of species in a free state which show great]
variability. The most important instance of the latter description
is that of the mollusc known as Palvata muitiformis, the great
variability of which hasbeen proved by Hilgendorf. Furtherinstances «
are those of Ammonites subraviatus, proved to vary by Waagen,
and the analogous observations made by Wiirtenberger and Mayer.*
To these cases I might add a considerable number which,
after palzontologists had been made aware of the facts, were easily
discovered, and to which numerous others will doubtless be added
in future. All observations in connection with the question of the
variability of species point to the fact, that there are species which
in the course of a great many generations have changed their
characteristic properties, and others which have not. We there-
fore arrive at the conclusion that animal species behave very differ-
ently as regards the question of variability. Since Darwin's
discoveries, scientists have been divided on this question into
two scientific schools, which I may describe as the constantian and
the fransmutist schools. The former maintain that the well-
established variability of the domesticated animals is by no means
an important feature ; that so soon as the forces of nature may
act freely, it readjusts itself again; and that there is nothing which
goes beyond the scope of individual variability. Moreover, they
assert that these cases are by no means numerous, and can be
ignored altogether, being merely like oscillations of a pendulum,
which always returns in the end to the same invariable position.
This is, of course, incorrect, but, on the other hand, I believe that
the transmutists have recently fallen into a similar dogmatic
mistake. It is well known that numerous species change their
characteristic features in the course of time. Starting from
this fact, the transmutists assert that other species which are
stationary are merely without suitable external conditions to enable
them to vary. They say that the invariability of certain species

“_' Suhseque:!tly. in 1884, I have likewise proved the variability of a number
of Lias Ammonites,—See Jahresh. Ver. Wiirt. Naturkunde, 1885 —The Ed.
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, ORIGIN OF SPECIES, 3l

observe the causes of these differences, and are therefore able to check
their effects. On the other hand, it lies in the nature of artificial
domestication that variations are rarely reproduced ; and so long
as the species in question is not subject to any special changes, the
course of the functions of the living substance is not disturbed.

For instance, nobody would have hit upon the idea of producing
fowls without tails, until an abnormal specimen showed the possi-
bility of producing such a variation. Moreover, we are quite
unable to understand the peacock-pigeon variety, unless we assume
that at a certain time an individual showed this peculiar characte-
ristic. The variability of wild animals differs greatly as regards
guale and guantum. On the one side there are species in which it
is exceedingly difficult to find an individual which differs from the
rest, while on the other we have plenty of animal species which
consist throughout of more or less varying forms ; in fact, some of
them differ so greatly that we can hardly tell where to draw the line
between two species. If we investigate these differences, we usually
find that in the genera which contain a great number of species
many of the latter are invariable, but that always some of them are
variable.

We must add to these facts the experiences gained in zoological
gardens in keeping and acclimatising wild animals. I have estab-
lished that a number of the differences in connection therewith are
due to external circumstances. But, whatever may be the reason
of constitutional peculiarities, the fact remains that animal species
of the same kind and of the same country behave very differently
as regards acclimatisation and captivity. Some of them are quite
capable of retaining their original vital energy, and these, as a rule,
propagate their species in our zoological gardens without any
difficulty ; while others can be kept, but do not propagate ; and a
third group consists of those which, in spite of all care, cannot
be acclimatised in captivity. Also as regards faming, the varia-
bility of different closely related species of wild animals is very
great. It is sufficient to mention some well-known facts : The
taming of the lion is a comparatively easy matter, while its nearest
relative, the tiger, is exceedingly difficult to tame. The same is
the case with the marten, as compared with the weasel ; with
marmot and hamster, and so on. Another interesting example,
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l::eln::.-ngin.g to quite a different animal type, is afforded by two very
similar kinds of silkworms, which I have closely studied during the
last.few years, viz. :—dntherea yama-mai and Antherea mylitta,
(variety Pernyr). Both belong to the same genus, and feed on oak
leaves. The caterpillars of the first named species emerge from the
egg as early as the first part of April, when no oak leaves have
formed in our climate, This species has, so far, resisted attempts
to postpone the time of leaving the egg ; all my efforts in using
lower temperatures for the purpose have been futile, and the
caterpillars will rather perish than remain longer in the eggs. Its
near relative behaves quite differently. Within four years I have
succeeded in completely changing its process of development. In
its free state it is bivoltine, 7e., it produces two generations in
the course of one year. But I have, with very little trouble, trans-
formed it into an univoltine species, and have also completely
altered the time of leaving the eggs. Under ordinary circumstances
this takes place in May, June and July, but I had no difficulty in
delaying it till July, August and September, ze. for fully two
months. The most important point in this respect appears to me
to be the following : If all species varied in the manner indicated
by the transmutists, the animal kingdom would show a far greater
number of different species than it actually does. Let us assume
for a moment that it takes about 100,000 years (which I consider a
fairly sufficient time) to produce a new species. Then we have, at
the end of this period, two species originating from one, and after
a million years 2, equal to 1024, or, in round figures, 1000 species;
after two million years, 1000 X 1000 = 1,000,000 species; and after
four million years, one billion of different species. As regards these
long periods of time, we must remember that geologists deal with
still greater figures in computing the time of development of the
animal kingdom. And yet our computation is already enormously
beyond the number of existing animal species, which are estimated
at about 200,000.

Secondly, the whole arrangement of the animal kingdom would
be totally different if all species had been at the same time, and in
the same way, equally productive. In this case every genus would
have almost the same number of species, every family about the
same number of genera, every order about the same number of
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families, and so on. But the fact that the genera differ greatly in
this respect, viz., that there are some which contain only a few
species, and others which contain many thousands, is an
absolute proof of the correctness of my wview as explained above,
that there are fexible, as well as rzezd, species in the animal
kingdom. This view is completely confirmed by the researches of
paleontology. Where we find groups with only a few and constant
species, we often discover that a great variety of them have
existed in former geological periods. Cephalopodes, crinoides, and
the ganoid fishes are good examples in this respect. These are
the species whose genera have, so to speak, been decimated in
the course of thousands of years. Most of them have died and
disappeared, because they had lost their formative and flexible
constitutional energy : “ Sinf ut sunt aut non sint” The fact that
such an enormous number of fossil species are no longer in existence
may be due to one of two reasons. First, a part of them may
have disappeared because they died without leaving descendants ;
and second, the disappearance may not be due to actual des-
truction, but to all their descendants having changed to such a
degree as to form a new species. The first group mentioned
comprises the rigid forms, which we properly describe as snzariadle
species ; while the second group comprises all plastic animals, by
means of which the various faunas, of the different geological
periods are connected with one another. The transmutists have
too much neglected the question of the destruction of species. If
it were correct that all animal species have the faculty of adapting
themselves to new conditions of life, the destruction and dis-
appearance of species would be a very rare occurrence, unless we go
back to the old theory of periodic catastrophes, in which most of
the animals of the different geological periods are supposed to have
perished.  Paleontologists like Rarrande are correct in asserting
that, according to the theory of transmutation, the number of
ap-::u:iv::s of a certain group of animals would be steadily in-
creasing ; while, in reality, the palzontological discoveries show
nothing but variations and oscillations in this respect. It is
!:rrcmcﬂ.us to assume that in the animal kingdom we have to
deal with general variabilitv. But as soon as we distinguish
between variable and invariable species, the whole problem is
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the female animals are passive, it is plain that their development 18
not thereby influenced ; consequently all secondary characteristics
of: this kind are absent from the female sex. In the second process,
selection is exercised by the females, and the secondary sexual
characteristics, which are the result of this female selection,
are exclusively, or at least principally, found in the male sex. If
we examine the behaviour of the female animal before copulation,
we find the following remarkable differences. In certain animals
the female shows no desire for copulation, and makes no advances
to the male ; e.g., among many amphybia and insects the male
partner has simply to wait until the female is willing. Other animals
show the still more remarkable characteristic that the female
resists the attempt made by the male, so that the male animal is
obliged to use force in order to attain its purpose. In both these
cases we find that certain organs for catching and holding the
unwilling female animal are developed. In a third case, the female
shows an active desire for copulation. This is the case with many
animals, and then no such organs are necessary, nor are they found
among these animals. Here, the decision whether copulation shall
take place rests entirely with the females. Experience amply
proves this, e.g., I have never noticed that in the group of mono-
gamic birds, a female was rejected by a male bird, while the
converse is very frequent. We may say that the male animals,
as a rule, excite the female semswally. 1 emphasize the word
sensually, and do not say sexually, because it is first a sensual
excitement, and only afterwards a sexual one, the latter being the
physiological result of the former.

All senses are active in sexual selection, but the part which they
play varies greatly, as some animals become sexually excited by one
sense and others by another. It is evident that the difference is in
connection with the relative development of the senses. Thus it is
in accordance with the high development of the eyes of the birds
that these animals are principally guided by everything connected
with light and colour. Whoever has observed day-birds knows how
much they are influenced by light. It istherefore quite intelligible
that, so far as birds are concerned, bright colours are in close
connection with sexual selection. As regards the sense of hearing,
I need only point out the part which music (more or less harmonious)
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corresponding manner.  After the act of fertilization, the life of the
males is without any value for the propagation of the species, while
the females have to attend to the important and lengthy function
of depositing the eggs. Brilliant colours which might attract their
enemies would therefore be disadvantageous to the propagation of
the species. This, again, throws further light on the important
problem of the origin of the secondary sexual characters of female
animals. Natural selection prevents the transfer of many characte-
ristic features of the male animals to the other sex, as these features
would be a source of great danger to the females. But many obser-
vations show that the inclination to transfer these properties is often
noticeable. For example, we occasionally find that pheasant hens
are adorned with some of the characteristic feathers of the male sex.
The consequence of the influence of natural selection is that, as a
rule, the secondary sexual features of the females are of a negative
character. As regards the application of the principles of sexual
selection to the human species, Darwin has been very cautious
and reserved, and has consequently created for himself some
unnecessary difficulties. In explaining the secondary sexual features,
he only takes into account the direct influence of sexual selection.
But, as I have now explained, this factor, alone, produces exactly the
opposite result, viz., the equality of the individuals of both sexes.
Darwin’s second difficulty is, that he considers selection to be
principally exercised by one sex only, an assumption which I
regard as neither theoretically necessary nor actually correct. The
third difficulty is, that he regards the human species too much
from a zoological point of view. But man differs in this respect
enormously from all animal species, on account of the very great
variety of races, nations, tribes, languages, occupations, &c., &c.
The superiority which man has obtained by his much greater
corporeal and intellectual development, has procured for him a
freedom of action which far surpasses everything else to be found
in the animal kingdom. For this reason human marriage has
ceased to be a specific feature, and has transformed itself into a
national or religious feature ; .., it is no longer a somatic, but a
social, institution. I must confess that among all subject-matters
of Darwin's investigations, that dealing with the descent of man
has satisfied me least, and the same may be said of Haeckel's
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According to this theory, we have in the fertilized egg a complete
micro-organism of the animal before us, But against this view a
number of serious objections must be raised

I. It is quite: unintelligible by what means all these minute
germs are brought together, and distributed to each of the many
millions of spermatozoides, as well as to every single egg-cell.

2. It likewise remains unknown how confusion as regards
quality and quantity can be avoided, and how every single minute
germ finds its correct place. For example, an eye germ might, by
mistake, easily occupy the place: where the liver or the heart
should be, and so on. :

3. The question of inheritance has received no assistance what-
ever from this theory, because the correct arrangement of the
minute germs is just as complicated, and by no means more
intelligible than the actual fact that the whole animal is developed
from the egg.

One of the most important causes in the individual development
of animals, is, as we have seen, the differentiation of the tissues by
which identical embryonal cells develop themselves into all sorts
of totally different organs. According to the theory of pangenesis,
different tissue cells are nof the descendants of equal embryonal
cells, but the descendants of those minute germs which are
supposed to have been deposited in the fertilized egg. Such an
assumption completely excludes the possibility of investigating the
causes of the differentiation of the tissues. But the most superficial
observation shows that the conditions of existence of the germ, and
of the parts of the germ, exercise a great influence on the differen-
tiation of the tissues. :

The most striking proof in this respect are the so-called white
blood corpuscles. It is well known that, even after the animal has
grown up, these white corpuscles are capable of transforming them-
selves into all sorts of different tissue cells. Moreover, it has been
proved that these various transformations of the white blood
corpuscles only take place when the latter come under the same
conditions of existence as the tissue cells in question. Therefore,
this kind of animal cell can have no inherited predestination
whatever, as the cells are capable of being transformed into all

sorts of different tissues.
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80 GRAVITATION AND ANIMAL DEVELOPMENT.

reason I describe this modification as sulco-disciformss. The neural
fold of the amphibia and amniotes has from the very beginning a
disciform groove, which is due to the so-called medullary plate of
these groups of animals. I therefore name this modification
macro-lordo-neurula disciformis. During the later ontogenetic
stages, this disc becomes pear-shaped, and its thinner end gradually
assumes the shape of a linear furrow, well known as the so-called
primitive furrow. The proper designation of such a neurula will
therefore be discosulciformis.

I remark that we have definite and accurate knowledge of all
these neurula forms.

From the promorphogenetic point of view, the principal
difference between these neurule is that of the ortho- and of the
lordo-neurula. The neural porus and the gastral porus, are, so
to speak, the pillars of support to the two centres of growth
which produce an active or passive pressure of growth. But as
every pressure of growth acts at the point of the least resistance,
and as in a sphere this lies in the direction of the longest possible
rectilinear distance,z.e., inthe diameter of the sphere, it follows that a
pressure which acts on any point of the circumference of the globe
is perceptible at the point diametrically opposed to it. Now, if on
the surface of the globe two points of pressure are diametrically
opposed to each other, the conditions of pressure will be equal in
all parts of the globe which are at right angles and at equal
distances from the diameter connecting the two points of pressure.
We thus have a primary and single axis as the fundamental form
of the ortho-neurulz of the comb-jellies. But if the two points
of pressure are at an oblique angle to each other (with reference to
the centre of the globe), the effective forces originating from them
may cut one another under any angle in the centre of the globe,
and each of them will have a separate point of anti-pressure.
These four points determine two axes of growth, and a principal
plane in which both axes and their poles are situated. Con-
sequently, a body of this kind has a principal plane, with the parts
of the body equally and symmetrically arranged on each side.
The orientation of this principal plane, which is invariably
perpendicular during the ontogenetic development of most animals,
is of great importance.
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The most interesting promorphogenetic question in connection
with this fact is the following : What is the cause of the trans-
formation of the geocentric @xzs into a geocentric plane ? .

It might at first be supposed that a change takes place in the
centre of gravity, for we know that the germs of the eggs of the
amphibia alter their position by go degrees during the transforma-
tion of the geocentric axis into the geocentric plane. The result
in this case is that the gastral porus, which was originally located
at the ‘centripetal pole of the Igeocentric axis, is now situated at
the end of a horizontal axis. But meroblastic eggs do not exhibit
this change of position by 9o degrees; and a simple observation
shows that it is not the cause, but the consequence, of the matter
under discussion. The centre of gravity is affected by the
gre:a;ter development of the exodermatic layer in a certain
meridian, and the change of position by go degrees is the
consequence. Moreover, this eccentric development has been
proved to take place as early as the gastrula stage, which shows
that the cause, whatever it may be, acts at a very early period of the
embryonal development. In examining external natural influences,
we notice a factor which has great effect on the vegetable kingdom
in the direction indicated, viz., the sunlight ; and if we investigate
the various conditions of the development of animal eggs, we find
many cases in which the eggs (e.g., insect eggs) are fixed to the
surface of an oblique or perpendicular plane. In all such cases we
have to deal with a fixed axis which cuts the geocentric axis obliquely,
and which may produce a differentiaticn of development. Moreover,
when animal eggs are developed in water which is in constant
motion, we have another active force which cuts the geocentric
axis obliquely. In connection herewith it is interesting to note
that even such fishes as are accustomed to live in still, stagnant
water, place their spawn where the water is in constant motion.
Ocean currents and tides are doubtless of great influence in this
respect. The floating eggs of maritime or lacustrine fishes have
neither a fixed axis nor an axis of motion; but the light and its
influence must not be underestimated, as the direction, with
very few exceptions, cuts the geocentric axis at an oblique angle.

The problem becomes more complicated so soon as we have to
deal with eggs which are developed i the interior of the maternal
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84 SYMMETRY AND REGULARITY.

symmetrical type is regarded as the only fundamental one. This
is evident from the following statement by .Agassiz, who
was the first to believe that he had proved the symmetrical
structure of the radial animals. He says*:—¢ The regular radial
arrangement of the body-parts of most of the radiata is the reason
why it is so difficult to find a proper terminology. This induced
me to commence with the examination of those forms which have
little to do with the radial type, and in which, on the contrary,
the front and back parts, and right and left sides, are easily
distinguishable. Starting from this point, I endeavoured to find
the. almost imperceptible transitions which connect these sym-
metrical forms with the regular, and even with the globe and
star-like forms."

The second reason why the view in question 1s regarded as
incorrect is, that no zoologist has ever given a clear and com-
prehensive definition of the radial and symmetrical forms. In
order to arrive at such a definition, we will first examine these two
forms in their strictly mathematical sense. Three dimensions are
necessary to define a body, and two planes correspond to each
dimension. Applying this to zoology, we can say :—Radial bodies
are those in which the planes belonging to one dimension are
fundamentally different, while the planes belonging to the two
other dimensions are fundamentally equal. On the other hand,
symmetrical bodies are those in which the planes of two dimensions
are fundamentally different, and only those of the third dimension
are fundamentally equal. The terms fundamental difference and
fundamental equality, as 1 use them here, refer to the principal
properties of organic and inorganic bodies. Planes which are
fundamentally equal may be formally very different. For example,
two planes of a crystal may be quite different in their size,
circumference, &c., but they may nevertheless be fundamentally
equal as regards their hardness, their optical, magnetical, and
other properties. In the same sense, two fundamentally equal
planes of an animal may be different as regards size and shape, and
yet, if they have the same organs and the same animal functions,
they must be regarded as fundamentally equal, although formally

e

* Mem. De La Soc. des Sciences Nat, de Neufchatel T.1., page 69.
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88  SYMMETRY AND REGULARITY.

organs situated on both sides of the plane. The latter organs
correspond to one another in equal distances from the plane, and
therefore all such organs must be present in pairs. Further, as
several parts may be situated in the plane, a diaxial animal may
have more than one axial organ. And this is in fact the case : we
find the heart and the intestines, which both belong to the
vegetative pole; and, in addition to these, the group of the
vertebrates has a third axial organ, the chorda dorsalis, which
belongs to the animal pole.

If we examine the parallel planes, we know that every point
in the one must have its corresponding point in the other ; there-
fore in all cases of this kind the number of equal organs must be
either two or a multiple of two. Organs can only be unpaired if
they lie in the tangential plane of the two parallels, and they may
then be either completely unpaired, or the two original parts may
be combined, forming one organ, but in such a way that the
duplication can still be recognised. This duplication, however,
has never been found in the direction of the line which
connects the mouth and the anus, but only in a line perpendicular
to it.

This fully explains the peculiar structure of the heart of the
Acephala, where the auricles lie right and left from the ventricle,
and not in front of the latter, as the cephalophora have it ; the
peculiar duplication of the heart of the Arca is likewise explained
by this argument. It follows from the polarity of the parallels
in the two other dimensions, that an organ cannot be repeated
within the same parallel ; but in the group of the Brachiopoda,
the parallels of which are not polar in both dimensions, but only
in one, each parallel must necessarily have two equal points in the
direction of its parallel dimension, in equal distances from both
parallel ends. Each parallel must therefore have a pair of organs,
or paired organs. Hence the number of organs within a parallel
must be divisible by four. But the organs which are situated in
the tangential plane of both parallels must be doxbdle. An unpaired
organ can lie only in a line which is obtained when the tangential
plane of the two parallels is cut by another plane, dividing k:“th
parallels into two equal parts. But as only one organ can lie in a
line, the brachiopoda have only one axial organ, viz, the intestinal
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Q2 SYMMETRY AND REGULARITY,

added to one another in the direction perpendicular to the
longitudinal axis of the grown-up animal. The monaxial animals,
on the other hand, have an embryonal pole, which consists of equal
parts arranged in a circular disc, whose circumference is equal in
the direction of a number of radii, which is fixed for every animal.

We have now to consider another embryological question of
great importance, viz. :—Are there any fundamental differences
between the monaxial and the diaxial types defore the embryo
comes into existence? There are two answers to this question,
viz, :—

1. The embryo of a monaxial animal leaves the egg
without showing any trace of being an organised body, while
the embryo of a diaxial body commences its organisation in the
egg itself.

2. After the completion of the yolk-cleavage, we distinguish in
diaxial animals a central part, the yolk-ball, and a peripheral part,
of the nature of a membrane. The former part is the first stage of
the development of the intestines, and the latter that of the
perisom. The result of the yolk-cleavage of a monaxial animal
is a homogeneous embryo, without any central or peripheral
differentiations.

We are now in a position to draw the following general con-
clusions :—

1. An animal which leaves its egg without any differentia-
tion, and obtains its intestinal canal* while floating about, will
become a symmetrical animal ; but if it be attached to the ground
before the differentiation of the intestinal canal takes place, it will
become a radial animal.

2. At the commencement of its embryonal development a
monaxial animal is always attached to the ground ; and a diaxial
animal approaches the monaxial type if its embryo is attac&;ned to
the ground in its early development. It is evident from this that
the ultimate cause of the radial type is attachment to the
ground at an early embryonal stage. ‘

3. Only monaxial animals propagate by the formation of
germ-buds.

* The position of which is perpendicular to the radius of the earth.
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98 ' HUMAN. VITALITY.

subordinate physiological importance ; and the great majority of
the constituents of the body cousist of living substance, 7.e., they
are capable in themselves of producing free and independent
motion.

This leads us to another comparison, which is perhaps more
to the point than that with the engine. The human body
resembles a civilised state, in which each individual enjoys a
certain amount of independent activity, and where the final result
of all forces is the sum of these individual activities, subject to the
principles of co-operation and division of labour. Consequently,
we can only understand the functions of the human body after we
have acquired a knowledge of those processes of life which take
place in every single part of the living substance. We must
therefore first study the elementary organisms of which the organs
of the body consist, and to which they owe the possibility of
producing vital activity and energy. These elementary organisms
are not all equal to one another. Their forms differ greatly, and
their chemical composition is subject to considerable variation.
But they have one property in common, viz., that they consist of
living substance, i.e. protoplasm, which is a compound of gelatinous
consistency, with small granules irregularly distributed in the
gelatinous matter. This living substance is the bearer of all
organic life, and any attempt to explain human vitality, with its
functions and conditions, must first show what protoplasm is, and
how it acts. While inorganic bodies are chemically and physically
characterised by a stabile equilibrium, the living substance is labile
in this respect, -and is subject, chemically and physically, to
rhythmic disturbaices, 7.e., its chemical composition is affected by
the rhythmic changes of absorption, assimilation, and secretion of
substances, a process defined in its totality as ‘exchange of
matter.” At the same time, the living substance alters its physical
properties by the rhythmic transformation and exchange of motions
and tensions, which in their totality are defined as “ exchange of
force.”~ We have thus a considerable number of more or less
complicated processes to deal with, and it is necessary to examine
some of them more in detail, .

In the important organic process, known as the exchange of
matter of the living substance, certain matters are taken up and
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100 HUMAN VITALITY.

Prnmp]asm has its own mechanism, on the integrity of which
ltfj rh?rthrni-:: functions depend; and one part of this mecha-
nism. is' a certain zolume of the plasma piece in question. So
soon as, on account of a higher degree of imbibition, this
's{nlume exceeds a certain limit, the mechanism is damaged. The
liquid surrounding the protoplasm must therefore be composed
in such a way that the imbibition cannot become too great, a
property which is called indifference by physiologists. Only such
liquids as are in harmony with all these conditions should be
allowed to penetrate to the protoplasm. In addition to the salts
above mentioned, the surrounding liquid must contain further
solid matters in solution, viz., nufritive substances. Life is a
process in which the living substance continually produces energy,
in the form of free motions and substantial secretions, without a
corresponding diminution of the substance itself; but nothing
produces nothing, and consequently the production of this energy
requires a continuous supply of nutritive matters. The necessity
of this uninterrupted supply will be made still clearer by regarding
the subject from another point of view.

1. The oxygen which is taken up by the protoplasm from the
surrounding medium produces an oxidative destruction of the
formative substances of the tissues, and this loss must be replaced.

2. The protoplasm requires a certain amount of protection
against the destructive effect of the oxygen ; and this protection is
obtained by the addition of such compounds as can be oxidized
more easily than the formative substances of the tissues, thereby
neutralizing, to some extent, the influence of the oxygen.
Consequently, these compounds are properly described as fuel
substances.

3. The process of secretion removes from the body, not only
the products of decomposition of the substances mentioned under
1 and 2, but also certain other substances, especially salts. The
loss of the salts must be made good, because they are essential to
the maintenance of the requisite imbibition-mixture of the proto-
plasm, and of the mechanical and chemical equilibrium.

Among these nutritive substances, albuminates and albuminoids,
as well as carbo-hydrates and neutral fats, with their soaps, are the
most important.  Of salts, I have already mentioned common salt
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102 HUMAN VITALITY.

R The liquid must be subject to a certain amount of pressure,
in. order to retain the necessary quantity of oxygen. For this
reason animal life cannot exist beyond a certain elevation above
sea level ; and all endeavours to cross this limit have proved
dangerous, or even fatal.

3. The motions of the surrounding liquid are of great import-
ance. When the liquid is absolutely motionless, animal life is
impossible, for the following reasons: (a) Because the chemical
compounds produced by the protoplasm in its interior, and given
off by it, cannot be removed by mere diffusion without the
surrounding liquid being in motion. (4) Because the protoplasm
requires to take up oxygen from the surrounding medium, and if
this is motionless the supply of oxygen must cease. (c) Because
the living substance gradually absorbs the nutritive matters in the
liquid, and these cannot be supplemented by mere diffusion, but
only by an adequate motion of the liquid. For all these reasons
it is evident that fresh liguid must periodically come into contact
with the living substance. The manner in which this can be
effected is twofold : either the protoplasm is at rest and the
surrounding medium in motion, or vzce-versd. :

Summing up, we see that the vitality of the living substance is
maintained. by continuous contact with the aqueous fluids sur-
rounding it, these fluids containing and providing the nutritive
materials of the living substance, and at the same time removing
the excretion matters, which may either be gases or solid
compounds in solution. The gaseous exchange of matter is called
breathing, and is more precisely tissue-breathing (as distinguished
from blood-breathing and respiration). The exchange of solid
compounds is effected by the processes of nutrition and secretion.

These processes can only be understood after we have studied
the general laws and | conditions under which substances are
exchanged.  The most important are the Jaws of diffusion ; they
are the result of the general attraction which all substances
exercise upon one another, and may be explained thus :—

- 1. Two fluids (liguid or gaseous) will permeate each other,
provided that they are miscible, without the assistance of chemical

affinity or mechanical shaking, the result being an absolutely

homogeneous mixture of both fluids,
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104 HUMAN VITALITY.

evaporation absorbs heat. The process of evaporation is of the
utmost imp{.thanc:e to the human body, which is affected by it
almost continually, because the air surrounding us is not,
as a rule, saturated with watery vapours. The so-called colloid
substances are produced by an intermediate process between
solution and imbibition, and include some of the most im-
portant organic compounds, e.g., the albuminates, &c. These
substances have not completely lost the cohesion of their
molecules.

Diffusion of liquids in solid substances is termed zmbibition.
It is one of the most characteristic properties of all substances
forming animal or vegetable tissues. Every substance of this kind
i1s capable of imbibing a certain quantity of liquid. The quantity
changes according to the natures of the liquid and of the
substance ; and it varies with the temperature, and with the degree
and continuance of the desiccation to which the solid substance
may have been subjected before the imbibition took place. Bodies
capable of imbibition are at the same time hygroscopic, 7.e., they
attract the watery vapour contained in the atmosphere; all
animal substances are very hygroscopic. The simplest case of
diffusion is that of aqueous solutions in water ; the rapidity of
this process depends on the nature of the dissolved substances.
There is a very important difference in this respect between the
colloid and crystalloid substances, as the latter have a much greater
rapidity of diffusion than the former. As regards hydro-diffusion,
the process of osmotic action is one of the characteristic features
of the wital functions. We understand by this process the
diffusion of two solutions or liquids separated from each other by a
membrane. The principal conditions for osmotic action are as
follows :—(a) The liquids must be different. (&) They must be
capable of imbibition by the membrane. (¢) It is necessary for
the osmotic action of a dissolved substance that the liquid on the
other side of the membrane be likewise capable of dissolving the
substance, and that it attract the latter ; also that the molecules of
the substance be not larger than the pores of the membrane.
Traube is the discoverer of an important law in connection with
these facts. He has found that the pores of a membrane are
always somewhat smaller than the molecules of the substance of

st B
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which the membrane consists, and that the size of the molecule of
a body is in direct proportion to its atomic weight. Consequently,
no substance with the same, or a higher, atomic weight than that of
the membrane substance itself can diffuse through the membrane.
Moreover, a membrane-forming substance cannot diffluse through
its own membrane. Finally, the smaller the molecules of a
substance, the more easily it diffuses through the same membrane.
As the animal membrane consists of colloid compounds, it is
evident that colloid solutionsdiffuse with great difficulty, or not at
all, through them, while the low-atomic crystalloid substances
diffuse much more easily. The process, called dialysis, by which
these two kinds of substances are separated, is based on this fact.

The osmotic properties play a very prominent part in the
exchange of matter of the organisms. Many animal membranes
are also provided with large-sized structural pores, enabling them
to exercise the function of filtration ; the quantity of the liquids
which may filter through is increased by a greater difference
of the tension or pressure, as well as by a greater porosity of the
membrane.

After these explanations, we are in a position to investigate the
exchange of matter of the living substance. I will commence
with the function of breathing. Oxygen is the principal gas
absorbed by the living substance. According to the laws of gas-
absorption, the oxygen penetrates to the protoplasm ; and in
proportion as it is there used up for oxydation purposes, a fresh
supply of oxygen is added. But this is only partly the reasan of
the absorption of oxygen by the living substance. A much more
potent factor is the attraction which the living substance exercises
on free oxygen, independently of the ordinary laws of absorption.
The red blood corpuscules possess this attraction in a high degree,
and they absorb the oxygen of the air which is drawn into the
body by the process of breathing. But the tissue-substances have
a still greater attraction for this gas than the red blood-corpuscules,
and they therefore deprive the latter of their oxygen, and use it
for their own purposes. In this Gase, however, the oxygen is not
completely used up, but a portion of it is stored in the tissues.
In great contrast to the activity of the living substance, with respect
to oxygen, is its absolute passivity towards another important
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130 Naegeli AND Faeger ON INFECTION.

resistance are well developed, and are specially adapted in this
respect. But if local or temporary disturbances exist, and if the
vital forces are on a low level, then the fungi may gain the day,
and the result will be an infectious disease. Naegel/s further
explains that the infectious germs belong to the bacteria ; and he
shows that, apart from the vital forces, two other circumstances are
of principal importance in this respect. The soluble, non-nutrient
substances must be mentioned first, as they always form a factor in
the struggle, and do not vary, so far as the human organism is
concerned. DBut the vital energy varies, and the number of bacteria
which penetrate into the body may vary considerably ; it often

happens that an organ which could resist the attack of a limited -

number of bacteria cannot prevail against a large number of them.
Naegeli correctly remarks that this is a point of great importance,
and until he understood it, he was doubtful whether there was any
causal connection between the fungi and infectious diseases. He
is of opinion that if a sufficient number of bacteria attack the body,
the latter must succumb, even though it be in perfect health.

Secondly, the presence of foreign substances is equally important.
In addition to the nutritive substances, all other soluble substances
influence, and frequently decide, the result of the struggle. The
same relations exist between bacteria and the cells of an organ, when
a foreign or poisonous matter is present. This foreign matter will
weaken one of the parties to the struggle, and will favour the
other. Such substances, most of which are not normal constituents
of the body, may either be products of the body itself, or they may
penetrate into it, either alone or together with the bacteria.
Naegeli is of opinion that these substances are chiefly products of
decomposition, viz., substances which have either been formed
independently of the human organism, by means of the various
processes of putrescence, or within the body, as the products of
certain diseases. However this may be, 1t is very probable that these
substances are much less hostile to the bacteria than to the human
organism, and Naegels 1s of opinion that for this reason the
struggle is often decided in favour of the bacteria.

To these observations made by Naegels 1 add the following
additional researches of my own. It isstrange that Naegeli, who
has investigated this subject so carefully, has not solved the
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XXIII.—PROPHYLACTICAL CONSEQUENCES OF THE
DOCTRINE OF IMMUNITY.

(1878.)

HE simplicity of my doctrine of constitutional strength is of
great practical advantage from the prophylactical point of
view, and the following may be stated as a fundamental law :—the
prophylactical treatment, when dealing with infectious diseases, as
well as with all other pathological disturbances, should always
endeavour to maintain the amount of water in the body's tissues
at aslow a level asis practicable. If we examine other doctrines on
this subject, which have been found useful in practice, we shall see
that all of them tend in the direction which I have indicared,
although in this case, as in many others, practical experience has
been a long way ahead of theoretical explanation. I have already
explained that the quantitative value of the different functions by
which water may be withdrawn from the tissues, differs considerably,
the chief effect of concentration being obtained through the action
of the lungs. This explains the well-known hygienic influence of
all circumstances which favour this kind of dehydration. For
example, energetic, active exercise, which produces a maximum
amount of breathing, is of great value in this respect, as is also
the inhalation of fresh, cool, dry air. An important limitation
should, however, be made, viz., that the dehydration must neither
be too sudden nor too intensive. As the last-named point is often
misunderstood, I will explain it more fully. We have previously
seen that a certain amount of water is necessary for the existence
of every living substance, and, consequently, for the epithelal
cells which cover the surface of the organs of respiration. If
these cells are deprived of water by the too sudden action of Very
cold and very dry air, the risk is incurred of a local lesion, which
may become dangerous, or even fatal. We must therefore bear in
mind, that the organs which give off water should not be taxed in
Suchi.l Wway as to cause local lesion ; and this not only holds good for

the different organs in question, but also for the organism 1 futo.
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196 ORIGIN OF THE HUMAN LANGUAGE.

difficulty in joining hands, and the latter will object that, so long
as the roots are not explained, the chief problem remains
unsolved.

According to my view, the sounds of emotion represent the
first linguistic development of mankind, and by disintegrating
them, later on, the alphabet was formed, enabling man to produce
onomatopoetical combinations. I believe that this view leads
directly to the explanation of at least some of the roots of
languages. Certain of these roots have the significance of sounds
of emotions, others that of sounds of imitation, while some
originated by transmuting the impressions of the other senses into
impressions of the sense of hearing. We have therefore, in the
last-named category, to deal with impressions of the senses of
sight, smell, and taste. This 1s, of course, a very difficult subject,
but I will try to show by one example what I mean. The word to
stand (German, sfeken ; Latin, stare ; Greek, histemi), has, in my
opinion, as its original root, the peculiar calling-sound “‘s¢"; and
the result may have been that the effect which this calling-sound
produced, viz., the bringing an individual to a standstill, was
expressed by the calling-sound itself. I do not attach great
importance to this example, and I may be mistaken in this more
or less hypothetical explanation ; but what I want to convey and
to explain is, that if comparative philology is further developed,
many sounds of emotion and of imitation will doubtless be
capable of explanation in the manner indicated.

I should like to emphasise in this connection again, that
however these developments may have taken place, the principal
factor in the formation of the elements of the human language
was practical need. We have to deal with the impressions of the
senses which were the cause and the basis of the formation of
words. On these impressions the gesture-language of to-day is
founded, and so was the human sound-language, at a time when man
had only material needs and wants. Perhaps in no other branch
of science has the ignoring of the natural conditions in respect of
the mode of living led to greater misapprehension than in
comparative philology. I believe that the line of research which
I indicate in this chapter will bring considerable fruit, so soon
as investigators endeavour to study in detail the languages,
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language which has been formed exclusively on this principle ; and
that the same holds good for the theory of interjections.

I agree with this view, for I have good reason to believe that no
human language has ever heen formed according to strict rules and
principles, but that, on the contrary, language is the result of
natural and practical needs and wants. Moreover, to argue that a
language can have developed either from sounds of imitation or
from interjections alone is as little justified as to discuss, e.g.. the
question whether gunpowder consists only of coal or of sulphur.
It is surprising that Max Miiller stopped short in his criticism, and
did not draw the conclusion that wherever one of the elements
(1. sounds of imitation, and 2. interjections) is not an adequate
explanation, the problem may be solved by combining the two.
Max Miiller asks how sound can become the expression of the
thoughts, and answers by saying that several hundreds of the roots
of the human language are neither interjections nor imitations of
sounds, but phonetic types. These types, according to Max Miiller,
are produced by a certain force, inherent in human nature ; and he
believes that man, in his perfect primeval state, was able to give
articulate expression to the intelligent conceptions of his mind.
But he adds that man did not himself develop this faculty ; it was,
in his opinion, an instinct of the human intellect, as deeply
implanted as every other instinct. "

I can hardly imagine a more negative explanation. Are not the
sounds of emotion likewise phonetic types, produced by a force
inherent in man? And is not this whole argument a phrase
without meaning ? Had Max Miiller said that the endeavour to
trace the origin of the human language had failed to penetrate
beyond the roots, no polemical discussion would be possible ; but
by his assertions which I have just quoted he actually arrests the
progress of science in a manner which I venture to think quite
inadmissible. In trying to discover the origin of the human
language on a different basis to that of the supernatural, it must
be borne in mind (1) that the primeval language of man was a
so-called natural language, similar to the sound- and to the gesture-
languages of the savages and of deaf and dumb persons ; and (2)
that the human languages of to-day represent a further develop-
ment of the primeval language, certain elements of which they
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emotion were no longer produced in a purely arbitrary sense.
The second phase was when, through use and habit, the sounds
became more firmly established as conventional means of com-
municating the emotions which they indicated. The third phase
commenced when it was occasionally necessary to express emotions
which were not precisely described by a complex of sounds; but
which, at the same time, were equally near to two such complexes.
The most natural thing in such cases was to let one of the two
complexes of sounds follow the other. Blerk adds that, on the one
hand, in certain emotions the word could represent the immediate
effect exercised by the organs ; on the other hand, imitation was
induced of those sounds which were most striking to the sense of
hearing. Both the sounds of emotion and of imitation are
voluntary expressions of feeling; they can therefore be treated
together when we deal with the origin of words, for everything
which has been said about the sounds of emotion will equally apply
to the sounds of imitation.

So far Bleek. All that he writes on the sounds of imitation is in
complete accordance with my own investigations on the value of
imitation in forming the human language. In harmony with
Bleek, 1 have come to the conclusion that we have first to deal with
sounds of emotion, and then with sounds of imitation.

As regards the relation of Bleek's researches to my own, I have
to remark that his views are not in opposition to those propounded
by me, but form a valuable addition to them. On the other hand,
I should like to emphasise that he does not deal with the subject
before us in the same manner as I do, especially as regards the
pairing-call, and the relations of sound-language to gesture-language.
It would be a valuable addition to our present knowledge, if the
South African, or other savage languages, could be subjected to a
careful examination with reference to the points which I have
indicated. Bleek has not exactly shown where the human language
separates from the animal language. He has correctly discovered
the main features of the development of the human language, but,
in my opinion, he goes too far back in the direction of the
animal kingdom.

I think that I have proved that the human language
commenced at the time when a species of mammals came Into
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that of sequence, named above. We can subdivide the four laws
mentioned into two groups :—(1) those which act simultaneously,
and (2) those which act in sequence.

The natural connection between these two laws of memory may
be influenced by the activity of the egu. This is especially the
case with man as compared with animals; for the following
reasons : —

I. Man possesses the advantage of a well-developed language,
which allows him to connect a certain number of single memories
by means of sound. Thus the so-called conceptions are formed,
and, generally speaking, the formation of a conception follows the
natural connection of the impressions of memory. On this
natural basis we can create a scale of more general conceptions,
fixed by words, and, moreover, there is the utmost freedom for
variations, because the human language affords the necessary
connection. The conditions of the impressions of memory which
result from linguistic abstractions are termed * logical.”

2. The second difference consists in the fact that man, on
account of his largely-developed brain, can store up impressions of
memory to a much greater extent than any animal.

3. The conditions of existence of man, especially in a state of
culture, are much more diversified than those of the most highly
developed animals. The result is, that the few natural connections
between the very limited material of impressions of memory which
animals possess are used as often as possible, and become more and
more customary and habitual, a state of things whereby the
difficulty of connecting new combinations is much increased. We
may therefore define the difference between the animal and human
intellect, with rcgard to the functional relations of the impressions
of memory, as follows :—An animal’s process of thinking consists in
a customary association of its conceptions. Man, on the other hand
is able to think logically, 7., to form conceptions, judgments,
conclusions, and so on.

II.—Zhe Ego.—In examining this most important intellectual
factor, I purpose to first ascertain the basis on which it is founded,
by considering the actions which characterise it. I will add a
description of the objects to which the activity of the ego refers,

and of the functions of the ego.
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Jaeger's Method of Projection.

according to Dr.

(Compare Dr. PETERMANN'S Gengraphische Mittheilungen, Erginzungsheft 16).
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