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X1V PREFACE.

the “ Naturliche Schopfungsgeschichte” in Germany, This
book took its origin in the shorthand notes of a course of
lectures which treated, before a mixed audience and in
a popular form, the most important topics discussed in the
“Generelle Morphologie.” The notes were subsequently
revised, and received considerable additions. The hook
appeared first in 1868, its fourth edition in 1873, and has
been translated into several languages. I hope that it may
also find sympathy in the fatherland of Darwin, the more so
since it contains special morphological evidence in favour of
many of the important doctrines with which this greatest
naturalist of our century has enriched science. Proud as
England may be to be called the fatherland of Newton, who,
with his law of gravitation, brought inorganic nature under
the dominion of natural laws of cause and effect, yet may
she with even greater pride reckon Charles Darwin among
her sons—he who solved the yet harder problem of bring-
ing the complicated phenomena of organic nature under the
sway of the same natural laws.

The reproach which is now oftenest made against the
Descent Theory is that it is not securely founded, not suffi-
ciently proven. Not only its distinet opponents maintain that
there is a want of satisfactory proofs, but even faint-hearted
and wavering adherents declare that Darwin’s hypothesis is
still wanting fundamental proof. Neither the former nor the
latter estimate rightly the immeasurable weight which the
great series of phenomena of comparative anatomy and onto-
geny, paleontology and taxonomy, chorology and cecology,
cast into the scale in favour of the doctrine of filiation.
Darwin’s Theory of Selection, which completely explains the
origin of spezies through the combined action of Inheritance
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large a number of individuals as possible in their natural
circumstances, and to collect specimens for comparison. Of
many species, I compared several hundred individuals in the
most careful way. I examined with the microscope and
measured in the most accurate manner the details of form of
all the species. As the final result of these exhaustive
and almost endless examinations and measurements it
appeared that “good species,” in the ordinary dogmatic
sense of the systematists, have no existence at all among
the Calcareous Sponges; that the most different forms are
connected one with another by numberless gradational
~ transition forms; and that all the different species of Caleca-
reous Sponges are derived from a single exceedingly simple
ancestral form, the Olynthus. A drawing of the Olynthus
and its earliest stages of development (observe especially the
highly important Gastrula) is given in the frontispiece of
the present edition. Illustrations of the various structural
details which establish the derivation of all Calcareous
Sponges from the Olynthus, are given in the atlas of
sixty plates which accompanies my monograph of the
garoup. In the gastrula, moreover, is now also found the
common ancestral form from which all the tribes of animals
(the lowest group, that of the protozoa, alone being excepted)
can without difficulty be derived. It is one of the most
ancient and important ancestors of the human race !

If we talke for the limitation of genus and species an average
standard, derived from the actual practice of systematists, and
apply this to the whole of the Calcareous Sponges at present
known,we can distinguish about twenty-one genera, with one
hundred and eleven species (as I have done in the second
volume of the Monograph). I have, however, shown that we
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represents such a composite stock. This solid and tangible
piece of evidence in favour of the common descent of
different species ought, one would think, to satisfy the most
determined sceptic!

In point of fact, I have a right to expect of my opponents
that they shall carefully consider the « exact empirical proof”
here brought forward for them, as they have so eagerly
demanded. The opponents of the doctrine of filiation, who
have too little power of weighing evidence, or possess too
little knowledge to appreciate the overpowering weight of
proof afforded by the synthetical argument (comparative
anatomy, ontogeny, taxonomy, etc.), may yet be able to
follow me along the path of analytical proof, and attempt to
upset the conclusion as to the common origin of all species
of all Caleareous Sponges which I have given in my Mono-
graph, I must, however, repeat that this conclusion is
based on the most minute investigation of an extraordinarily
rich mass of material,—that it is securely established by
thousands of the most careful microscopical observations,
measurements, and comparisons of every single part, and
that thousands of collected mieroscopic preparations render,
at any moment, the most searching ecriticism of my results
confirmatory of their correctness. One may hope, then, that
opponents will endeavour to confront me on the ground of
this “exact empiricism,” instead of trying to damn my
« nature-philosophical speculations.” One may hope that
they will endeavour to bring forward some evidence to
show that the latter do not follow as the legitimate conse-
quences of the former. May they, however, spare me the
empty—though by even respectable naturalists oft-repeated
—phrase, that the monistic nature-philosophy, as expounded
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FEELING sure that such a book as Professor Haeckels
“Schopfungsgeschichte ” would do a great deal of good, if
placed in the hands of the English reading public, and of
commencing students of Natural History, I gladly under-
took to revise for the publishers the present tramslation,
which was made by a young lady. I have not attempted
to escape a difficulty by ignoring the German names made
use of by Professor Haeckel for classes, orders, and genera,
but have adopted English equivalents. I do not submit
these names as a maturely considered English nomenclature,
they appear here simply as necessary parts of a close ren-
dering of the German work., I do, however, hold that some
such series of English terms is both possible and useful, and
do not doubt—in spite of the pretended hostility of the
genius of our language, and the curious sentimental objec-
tion that English names are wnscientific—that we shall
before long make use of plain English in speaking of the
various groups of plants and animals—much to the gain of
the larger public, and without detriment to the latinized
nomenclature established for the purposes of the professional

student.
R

Ozford, October, 1874,
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Theory of Development, which embraces in its vast range
the whole domain of human knowledge.

But the manner in which Darwin has firmly established
the latter by the former is so convincing, and the direction
which has been given by the unavoidable conclusions of
that theory to all our views of the universe, must appear to
every thinking man of such deep significance, that its
general importance cannot be over-estimated. There is no
doubt that this immense extension of our intellectual
horizon must be looked upon as by far the most important,
and rich in results, among all the numercus and grand
advances which natural science has made in our day.

When our century, with justice, is called the age of
natural science, when we look with pride upon the im-
mensely important progress made in all its branches, we
are generally in the habit of thinking more of immediate
practical results, and less of the extension of our general
knowledge of nature. We call to mind the complete reform,
so infinitely rich in consequences to human intercourse,
which has been effected by the development of machinery,
by railways, steamships, telegraphs, and other inventions
of physics. Or we think of the enormous influence which
chemistry has brought to bear upon medicine, agriculture,
and upon all arts and trades.

But much as we may value this influence of modern
science upon practical life, still it must, estimated from a
higher and more general point of view, stand most assuredly
below the enormous influence which the theoretical progress
of modern science will have on the entire range of human
knowledge, on our conception of the universe, and on the
perfeeting of man’s culture,
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acceptance and recognition in larger circles. IHence the
odd contradictions and the strange opinions which may still
be heard everywhere about Darwinism, This is the reason
which induces me to make Darwin’s theory, and those further
doctrines which are connected with it, the subject of these
pages, which, I hope, will be generally intelligible. T hold
it to be the duty of naturalists, not merely to meditate upon
improvements and discoveries in the narrow circle to which
their speciality confines them, not merely to pore over their
one study with love and care, but also to seek to make the
important general results of it fruitful to the mass, and to
assist in spreading the knowledge of physical seience among
the people. The highest triumph of the human mind, the
true knowledge of the most general laws of nature, ought
not to remain the private possession of a privileged class of
savans, but ought to become the common property of all
mankind.

The theory which, through Darwin, has been placed at
the head of all our knowledge of nature, is usually ecalled the
Doctrine of Filiation, or the Theory of Descent. Others term
it the Transmutation Theory. Both designations are correct.
For this doctrine affirms, that all organisms (viz all species
of animals, all species of plants, which have ever existed or
still exist on the earth) are derived from one single, or from
a few simple original forms, and that they have developed
ihemselves from these im the matural course of a gradual
chamge. Although this theory of development had already
heen brought forward and defended by several great natural-
ists, and especially by Lamarck and Goethe, in the beginning
of our century, still it was through Darwin, thirteen years
ago, that it received its enmpliete demonstration and causal
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condition of aggregation, which are always wanting in the
Anorgana. Upon this important distinction rests the divi-
sion of all natural history into two great and principal parts
—Biology, or the science of Organisms (Zoology and Botany),
and Anorganology, or the science of Anorgana (Mineralogy,
Geology, Meteorology, ete.).

The great value of the Theory of Descent in regard to
Biology consists, as 1 have already remarked, in its explain-
ing to us the origin of organic forms in a mechanical way,
and pointing out their active causes. But however highly
and justly this service of the Theory of Descent may be
valued, yet it is almost eclipsed by the immense importance
which a single necessary inference from it claims for itself
alone. This necessary and unavoidable inference is the
theory of the animal descent of the huwman race.

The determination of the position of man in nature, and
of his relations to the totality of things—this question of all
questions for mankind, as Huxley justly calls it—is finaily
solved by the knowledge that man is descended from
‘animals. In consequence of Darwin’s reformed Theory of
Descent, we are now in a position to establish scientifically
the groundwork of a mon-miraculous history of the de-
velopment of the human race. All those who have defended
Darwin’s theory, as well as all its thoughtful opponents, have
acknowledged that, as a matter of necessity, it follows from
his theory that the human race, in the first place, must be
traced to ape-like mammals, and further back to the lower
vertebrate animals.

It is true Darwin himself did not express at first this
most important of all the inferences from his theory. In
his work, “On the Origin of Species,” not a word is found
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sense, and it must be borne in mind that, strictly speaking,
the expression “non-miraculous history of creation” contains
a “contradictio in adjecto.”

In order to understand this, let us for 2 moment examine
somewhat more closely what we understand by ereafion.
If we understand the creation to mean the coming into
cxistence of @ body by a creative power or force, we may
then either think of the eoming into ewistence of its sub-
stance (corporeal matter), or of the coming into existence of
its form (the corporeal form).

Creation in the former sense, as the coming info existence
of matier, does not concern us here at all. This process, if
indeed it ever took place, is completely beyond human com-
prehension, and can therefore never become a subject of
scientific inquiry. Natural science teaches that matter is
eternal and imperishable, for experience has never shown us
that even the smallest particle of matter has come into
existence or passed away. Where a natural body seems to
disappear, as for example by burning, decaying, evaporation,
ete., it merely changes its form, its physical composition or
chemical combination. In like manner the coming into
existence of a matural body, for example, of a erystal, a
fungus, an infusorium, depends merely upon the different
particles, which had before existed in a certain form or com-
bination, assuming a new form or combination in conse-
quence of changed conditions of existence. But never yet
has an instance been observed of even the smallest particle
of matter having vanished, or even of an atom being added
to the already existing mass. Hence a naturalist can no
more imagine the coming into existence of matter, than he
can imagine its disappearance, and he therefore looks upon
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unscientifie idea of a ereator existing outside of matter, and
changing it, may easily creep in, it will perhaps be better in
future to substitute for it the more accurate term, develop-
ment.

The great value which the History of Development pos-
sesses for the scientific understanding of animal and wvege-
table forms, has now been generally acknowledged for many
years, and without it it would be impossible to make any
sure progress in organic morphology, or the theory of forms.
But by the history of development, only one part of this
science has generally been understood, namely, that of
organic individuals, usually called Embryology, but more
correctly and comprehensively, Ontogeny. But, besides this,
there is another history of development of organie species,
genera, and tribes (phyla), which has the most important
relations to the former. |

The subject of this is furnished to us by the science of
petrifactions, or paleontology, which shows us that each
tribe of animals and plants, during different periods of the
earth’s history, has been represented by a series of entirely
different genera and species. Thus, for example, the tribe
of vertebrated animals was represented by classes of fish,
amphibious animals, reptiles, birds, and mammals, and each
of these groups, at different periods, by quite different kinds.
This paleeontological history of the development of organ-
isms, which we may term Phylogeny, stands in the most
important and remarkable relation to the other branch of
organie history of development, I mean that of individuals,
or Ontogeny. On the whole, the one runs parallel to the
other. In fact, the history of individual development, or
Ontogeny, is a short and quick recapitulation of palmonto-
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caused the earlier naturalists greater difficulty than the
explanation of the so-called “rudimentary orgamns,’—those
parts 1n animal and vegetable bodies which really have no
function, which have no physiological importance, and yet
exist in form. These parts deserve the most careful atten-
tion, aithough most unscientific men know little or nothing
about them. Almost every organism, alinost every animal
and plant possesses, besides the obviously useful arrange-
ments of its organization, other arrangements the purpose
of which it is utterly impossible to make out.

Examples of this are found everywhere. In the embryos
of many ruminating animals—among others, in our common
cattle—fore-teeth, or incisors, are placed in the mid-bone of
the upper jaw, which never fully develop, and therefore
serve no purpose. The embryos of many whales—which
afterwards possess the well-known whalebone instead of
teeth, yet have before they are born, and while they take no
nourishment, teeth in their jaws, which set of teeth never
comes into use. Moreover, most of the higher animals pos-
sess muscles which are never employed ; even man has such
rudimentary muscles. Most of us are incapable of moving
our ears as we wish, although the muscles for this move-
ment exist, and although individual persons who have
taken the trouble to exercise these muscles do succeed in
moving their ears. It is still possible, by special exercise,
by the persevering influence of the will upon the nervous
system, to reanimate the almost extinet activity in the
existing but imperfect orgamns, which are on the road to
complete disappearance. On the other hand, we can no
longer do this with another set of small rudimentary
muscles, which still exist in the cartilage of the outer ear,
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covered by membrane, so that no ray of light can enter,
and they can never see. Such eyes, without the function
of sight, are found in several species of moles and mice which
live underground, in serpents and lizards, in amphibious
animals (Proteus, Cecilia), and in fishes ; also in numerous
immvertebrate animals, which pass their lives in the dark,
as do many beetles, crabs, snails, worms, ete.

An abundance of the most interesting examples of rudi-
mentary organs is furnished by Comparative Osteology, or
the study of the skeletons of vertebrate animals, one of the
most attractive branches of Comparative Anatomy. In most
of the vertebrate animals we find two pairs of limbs on the
body, a pair of fore-legs and a pair of hind-legs. Very often,
~ however, one or the other pair is imperfect; it is seldom
that both are, as in the case of serpents and some varieties of
eel-like fish. But some serpents, viz. the giant serpents (Boa,
Python), have still in the hinder portion of the body some
useless little bones, which are the remains of lost hind-legs.

In like manner the mammals of the whale tribe (Cetacea),
which have only fore-legs fully developed (breast-fins), have
further back in their body another pair of utterly superfluous
bones, which are remnants of undeveloped hind-legs. The
same thing occurs in many genuine fishes, in which the
hind-legs have in like manner been lost.

Again, in our slow-worm (Anguis), and in some other
lizards, no fore-legs exist, although they have a perfect
shoulder apparatus within their bodies, which should serve
as a means of affixing the legs. Moreover, in various ver-
tebrate animals, the single bones of both pairs of legs are
found in all the different stages of imperfection, and often
the degenerate bones and those muscles belonging to them
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performing any service—adapted for a purpose, but without
in reality fulfilling that purpose. When we consider the
attempts which the earlier naturalists have made in order
to explain this mystery, we can scarcely help smiling at the
strange ideas to which they were led. Being unable to find
a true explanation, they came, for example, to the conclu-
sion that the Creator had placed these organs there “for the
sake of symmetry,” or they believed that it had appeared
unwise and unsuitable to the Creator (seeing that their
nearest kin did possess such organs) that these organs
should be completely wanting in creatures, where they
are incapable of performing a function, and where it
cannot be otherwise from the special mode of life. In
compensation for the non-existing function, he had at least
furnished them with the outward but empty form; nearly
in the same manner as civil officers, in uniform, are furnished
with an innocent sword, which is never drawn from the
scabbard. I scarcely believe, however, that any of my
readers will be content with such an explanation.

Now, it is precisely this widely spread and mysterious
phenomenon of rudimentary organs, in regard to which all
other attempts at explanation fail, which is perfectly ex-
plained, and indeed in the simplest and clearest way, by
Darwin’s Theory of Inheritance and Adaptation. We can
trace the important laws of inheritance and adaptation in
the domestic animals which we breed, and the plants which
we cultivate ; and a series of such laws of inheritance have
already been established.  Without going further into this
at present, I will only remark that some of them perfectly
explain, in a mechanical way, the coming into existence of
rudimentary organs, so that we must look upon the appear-
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compare all the ideas of the universe prevalent among
different nations at different times, we can divide them
all into two sharply contrasted groups—a causal or me-
chamical, and a teleological or vitalistic. The latter has pre-
vailed generally in Biology until now, and accordingly the
animal and vegetable kingdoms have been considered as
the products of a creative power, acting for a definite pur-
pose. In the contemplation of every organism the unavoid-
able conviction seemed to press itself upon us, that such a
wonderful machine, so complicated an apparatus for motion
as exists in the organism, could only be produced by a
power analogous to, but infinitely more perfect than, the
power of man in the construction of his machines.
However sublime the former idea of a Creator, and his
creative power, may have been; however much it may be
attempted to divest it of all human analogy, yet in the end
this analogy still remains unavoidable and necessary in the
teleological conception of nature. In reality the Creator
must himself be conceived of as an organism, that is, as a
being who, analogous to man, even though in an infinitely
more perfect form, reflects on his constructive power, lays
down a plan of his mechanisms, and then, by the application
of suitable materials, makes them answer their purpose.
Such conceptions necessarily suffer from the fundamental
error of anthropomorplism, or man-likening. In such a
view, however exalted the Creator may be imagined, we
mqéign to him the human attributes of designing a plan,
and therefrom suitably construeting the organism. This is,
in fact, quite clearly expressed in that view which is most
sharply opposed to Darwin’s theory, and which has found
among naturalists its most distinguished representative in
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rather find everywhere a pitiless, most embittered Struggle
of All against All. Nowhere in nature, no matter where
we turn our eyes, does that idyllic peace, celebrated by
the poets, exist; we find everywhere a struggle and a
striving to annihilate neichbours and competitors. Passion
and selfishness—conscious or unconscious—is everywhere
the motive force of life. The well-known words of the
German poet—

 Die Welt ist vollkommen iiberall
Wo der Mensch nicht hinkommt mit seiner Qual.’ *

are beautiful, but, unfortunately, not true. Man in this re-
spect certainly forms no exeeption to the rest of the animal
world. The remarks which we shall have to make on the
theory of “ Struggle for Existence ” will sufficiently justify
this assertion. It is, in fact, Darwin who has placed this
important point, in its high and general significance, very
clearly before our eyes, and the chapter in his theory
which he himself calls “Struggle for Existence” is one of
the most important parts of it.

Whilst, then, we emphatically oppose the wital or
teleological view of animate nature which presents animal
and vegetable forms as the productions of a kind Creator,
acting for a definite purpose, or of a creative, natural
force acting for a definite purpose, we must, on the other
hand, decidedly adopt that view of the universe which is
called the mechanical or causal. It may also be called the
monwistic, or single-principle theory, as opposed to the fwo-
fold principle, or dualistic theory, which is necessarily
implied in the teleological conception of the universe. The

# “The world is perfect everywhere
Till man comes in to torture it.”

— — __
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creative power be worshipped as a personal god, or whether
1t be termed the power of life (vis vitalis), or final cause
(causa finalis). In any case, to express it in one word, its
supporters have recourse to a miracle for an explanation.
They throw themseclves into the arms of a poetic faith,
which as such can have no value in the domain of scientific
knowledge.

All that was done before Darwin, to establish a natural
mechanical conception of the origin of animals and plants,
has been in vain, and until his time no theory gained a
general recognition. Darwin’s theory first succeeded in
doing this, and thus has rendered an immense service. For
the idea of the unity of orgamic and imorganic natwre
is now firmly established; and that branch of natural
science which had longest and most obstinately opposed
mechanical conception and explanation, viz. the science of
the structure of animate forms, is launched on to identically
the same road towards perfection as that along which all the
rest of the natural sciences are travelling. The unity of all
natural phenomena is by Darwin’s theory finally established.

This unity of all nature, the animating of all matter, the
inseparability of mental power and corporeal substance,
Goethe has asserted in the words : “Matter can never exist
and be active without mind, nor can mind without matter.”
These first principles of the mechanical conception of the
universe have been taught by the great monistic philosophers
of all ages. Even Democritus of Abdera, the immortal
founder of the Atomic theory, clearly expressed them about
500 years before Christ; but the great Dominican friany
Giordano Bruno, did so even more explicitly. For this he
was burnt at the stake, by the Christian inquisition in
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CHAPTER IL

SCIENTIFIC JUSTIFICATION OF THE THEORY OF DE-

SCENT. HISTORY OF CREATION ACCORDING TO
LINNAEUS.

The Theory of Descent, or Doctrine of Filiation, as the Monistic Explana-

tion of Organic Natural Phenomena.—Its Comparison with Newton’s
Theory of Gravitation.—Limits of Seientific Explanation and of Human
Knowledge in general.—All Knowledge fonnded originally on Sensuous
Experience, d posteriori.—Transition of d posteriori knowledge, by In-
heritance, into d priori knowledge.—Contrast between the Supernatural
Hypotheses of the Creation according to Linneeus, Cuvier, Agassiz, and
the Natural Theories of Development according to Lamarck, Goethe,
and Darwin.—Connection of the former with the Monistic (mechanical),
of the latter with the Dualistic Conception of the Universe.—Monism
and Materialism.—Seientific and Moral Materialism.—The History of
Creation according to Moses.—Linn#us as the Founder of the Systematic
Deseription of Nature and Distinetion of Species.—Linnmns’ Classifica.
tion and Binary Nomenclature.—Meaning of Linnseus’ Idea of Species.
—His History of Creation.—Linnmzus’ view of the Origin of Species.

TuE value which every scientific theory possesses is
measured by the number and importance of the ohjects
which can be explained by it, as well as by the simplicity
and universality of the causes which are employed in it as
grounds of explanation. On the one hand, the oreater the
number and the more important the meaning of the
phenomena explained by the theory, and the simpler, on
the other hand, and the more general the causes which the
theory assigns as explanations, the greater is its scientific
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tary organs, those exceedingly remarkable structures in
animals and plants which have no ohject and refute every
teleological explanation seeking for the final purpose of the
organism, A great number of other phenomena might have
been mentioned, which are no less important, and are ex-
plained in the simplest manner by Darwin’s reformed
Theory of Descent. For the present I will only mention
the phenomena presented to us by the geograplical distri-
bution of animals and plants on the surface of our planet,
as well as the geological distribution of the extinet and
petrified organisms in the different strata of the earth’s
crust. These important palzontological and geographical
phenomena, which were formerly only known to us as fucts,
are now traced to their active cawses by the Theory of
Descent.

The same statement applies further to all the general laws
of Comparative Anatomy, especially to the great law of
division of labour or separation (polymorphism, or dif-
ferentiation), a law which determines the form or structure
of human society, as well as the organization of individual
animals and plants. It is this law which necessitates an
ever ancreasing vaiiety, as well as a progressive develop-
ment of organic forms. This law of the division of labour
has, up to the present time, been only recognized as a fact,
and it, like the law of progressive development, or the law
of progress which we perceive active everywhere in the
history of nations (as also in that of animals and plants), is
explained by Darwin’s Doctrine of Descent. Then, if we
turn our attention to the great whole of organie nature, if
we compare all the individual groups of phenomena of this
immense domain of life, it cannot fail to appear, in the light
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place, necessarily exert on one another—solely by the correct
estimate of these simple facts, and by skilfully combining
them, Darwin has succeeded in finding the true active
causes (cause efficientes) of the immensely intricate world
of forms in organic nature,

In any case we are in duty bound to accept this theory
till a better one be found, which will undertake to explain
the same amount of facts in an equally simple manner.
Until now we have been in utter want of such a theory.
The fundamental idea that all different animal and vege-
table forms must be descended from a few or even from one
single, most simple primary form, was indeed not new. This
idea was long since distinetly formulated—first by the great
Lamarck, at the beginning of our century. But Lamarck
in reality only expressed the hypothesis of the Doctrine of
Filiation, without establishing it by an explanation of the
active causes. And it is just the demonstration of these
causes which marks the extraordinary progress which
Darwin’s theory has made beyond that of Lamarck. In
the physiological properties of Inheritance and Adaptation
of organic matter, Darwin discovered the true cause of the
- genealogical relationship of organisms. It was not possible
for the genius of Lamarck in his day to command that
colossal material of biological facts which has been collected
by the patient zoological and botanical investigations of the
last fifty years, and which has been used by Darwin as an
overpowering apparatus of evidence.

Darwin’s theory is therefore not what his opponents fre-
quently represent it as being—an unwarranted hypothesis
taken up at random. It is not for zoologists or botanists to
accept or reject this as an explanatory theory, as they
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properties have not as yet been observed by the experience
of the senses. But Darwin’s theory does not assume such
unknown conditions ; it is based upon general properties
of organisms that have long been recognized, and—as has
been remarked—it is the exceedingly ingenious and com-
prehensive combination of a number of phenomena which
had hitherto stood isolated, which gives the theory its
extraordinarily great and intrinsic value. By it we are
for the first time in a position to demonstrate an active
cause for all the known morphological phenomena in the
animal and vegetable kingdoms; and, in fact, this cause is
always one and the same, viz. the alternate action of Adap-
tation and Inheritance, therefore a physiological, that is, a
physico-chemical or mechanical, relationship. For these
reasons the acceptance of the Doctrine of Filiation, as
mechanically established by Darwin, is a binding and un-
avoidable necessity for the whole domain of zoology and
botany.

As, therefore, in my opinion the immense importance of
Darwin’s theory lies in the fact that it has mechanically
explained those orgamic phenomena of forms which had
hitherto been unexplained, it is perhaps necessary that I
should here say a few words about the different ideas con-
nected with the word “ explanation.” It is very frequently
said, in opposition to Darwin’s theory, that it does indeed
explain those phenomena by Inheritance and Adaptation,
but that it does not at the same time explain those pro-
perties of organic matter, and that therefore we do not
arrive at first causes. This objection is quite correct, but it
applies equally to all explanations of phenomena. We no-
where arrive at a knowledge of first causes. The origin of
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posteriori cannot rightly be placed in opposition, as is
usually done. On the contrary, sensuous experience is
the original source of all knowledge. For this reason alone,
all our knowledge is limited, and we can never apprehend
the first causes of any phenomena. The force of crystal-
lization, the force of gravitation, and chemical affinity
remain in themselves just as incomprehensible as do
Adaptation and Inheritance.

Seeing that Darwin’s theory explains from a single point
of view the totality of all those phenomena of which we
have given a brief survey, that it demonstrates one and
the same quality of the organism as the active cause in ali
cases, we must allow that it gives us for the present all
that we can desire. Moreover, we have good reason to hope
that at some future time we shall learn to explain the first
causes at which Darwin has arrived, namely, the properties
of Adaptation and Inheritance ; and that we shall succeed in
disecovering in the composition of albuminous matter certain
molecular relations as the remoter, simpler causes of these
phenomena. There is indeed no prospect of this in the

immediate future, and we content ourselves for the present

with the tracing back of organic phenomena to two
mysterious properties, just as in the case of Newton’s
theory we are satisfied with tracing the planetary motions
to the force of gravitation, which itself is likewise a mys-
tery to us and not cognizable in itself.

Before commencing our principal task, which is the eare-
ful discussion of the Doctrine of Descent, and the conse-
quences that arise out of it, let us take an historiecal retro-
spect of the most important and most widely spread of those
views, which before Darwin men had elaborated concerning

.
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every individual species of animal and plant an “embodied
creative thought,” the material expression of a definite Jirst
cause (causa finalis) acting for a set purpose. They must
necessarily assume supernatural (not mechanical) processes
for the origin of organisms. With justice, we may therefore
designate their scheme of the world’s growth as the Super-
natwral History of Creation. Among all such teleological
histories of creation, that of Moses has gained the greatest
influence, since even so distinguished a naturalist as Lin-
nzeus has claimed admittance for it in Natural Science.
Cuvier’s and Agassiz’'s views of creation also belong to this
group, as do in fact those of the great majority of both
scientific and unscientific men.

On the other hand, the theory of development carried out
by Darwin, which we shall have to treat of here as the Non-
maraculous or Natural History of Creation, and which has
already been put forward by Goethe and Lamarck, must,
if carried out logically, lead to the monistic or mechan-
ical (causal) conception of the universe. In opposition to
the dualistic or teleological conception of nature, our theory
considers organic, as well as inorganie, bodies to be the neces-
sary products of natural forces. It does not see in every in-
dividual species of animal and plant the embodied thought
of a personal Creator, but the expression for the time being
of a mechanical process of development of matter, the ex-
pression of a necessarily active cause, that is, of a mechanical
cause (causa efficiens). Where teleological Dualism seeks
the arbitrary thoughts of a capricious Creator in the miracles
of creation, causal Monism finds in the process of develop-
ment the necessary effects of eternal immutable laws of
nature.
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metaphysical spectre of a vital power, or empty theological
dogma. If we ean prove that all nature, so far as it can be
known, is only one, that the same great, eternal, iron
laws” are active in the life of animals and plants, as in
the growth of crystals and in the force of steam, we may
with reason maintain the monistic or mechanical view
of things throughout the domain of Biology—in Zoology and
Botany—whether it be stigmatized as “materialism” or not.
In such a sense all exact science, and the law of cause and
effect at its head, is purely materialistic.

Moral, or ethical Materialism, is something quite distinet
from scientific materialism, and has nothing whatever in
common with the latter. This real materialism proposes
no other aim to man in the course of his life than
the most refined possible gratification of his senses. It is
based on the delusion that purely material enjoyment
can alone give satisfaction to man ; but as he can find that
satisfaction in no one form of sensuous pleasure, he dashes on
weariedly from one to another. The profound truth that the
real value of life does not lie in material enjoyment, but in
moral action—that true happiness does not depend upon
external possessions, but only in a virtuous course of life—
this is unknown to ethical materialism. We therefore look
in vain for such materialism among naturalists and phi-
losophers, whose highest happiness is the intellectual
enjoyment of Nature, and whose highest aim is the know-
ledge of her laws. We find it in the palaces of ecclesi-
astical princes, and in those hypocrites who, under the
outward mask of a pious worship of God, solely aim at
hierarchical tyranny over, and material spoliation of, their
fellow-men. Blind to the infinite grandeur of the so-called
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which runs through it, and which contrasts favourably
with the confused mythology of creation current among
most of the other ancient nations. First the Lord God
creates the earth as an inorganic body; then he separates
light from darkness, then water from the dry land. Now
the earth has become inhabitable for organisms, and plants
are first created, animals later—and among the latter the
inhabitants of the water and the air first, afterwards the
inhabitants of the dry land. Finally God creates man, the
last of all organisms, in his own image, and as the ruler of
the earth.

Two great and fundamental ideas, common also to the
non-miraculous theory of development, meet us in this
Mosaic hypothesis of creation, with surprising clearness and
simplicity—the idea of separation or differentiation, and the
idea of progressive development or perfecting. Although
Moses looks upon the results of the great laws of organie
development (which we shall later point out as the necessary
conclusions of the Doctrine of Descent) as the direct actions
of a constructing Creator, yet in his theory there lies hidden
the ruling idea of a progressive development and a differen-
tiation of the originally simple matter. We can therefore
bestow our just and sincere admiration on the Jewish
lawgiver's grand insight into nature, and his simple and
natural hypothesis of ereation, without discovering in it a
so-called “ divine revelation.” That it cannot be such is clear
from the fact that two great fundamental errors are asserted
in it, namely, first, the geocentric error that the earth is the
fixed central point of the whole universe, round which the
sun, moon, and stars move; and secondly, the anthropocentric
error, that man is the premeditated aim of the creation of
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of creation, together with the dogmas connected with it, has
become so generally predominant, that the 19th century is
the first that has dared positively to rise against it. Even
the great Swedish naturalist, Linngeus, the founder of modern
natural history, linked his System of Nature most closely to
the Mosaic history of creation.

The extraordinary progress which Charles Linnzeus made
in the so-called descriptive natural sciences, consists, as is
well known, in his having established a system of nomencla-
ture of animals and plants, which he carried out in a manner
so perfectly logical and consistent, that down to the present
day it has remained in many respects the standard for all
suceeeding naturalists engaged in the study of the forms of
animals and plants. Although Linnweus’ system was
artificial, although in classifying animal and wvegetable
species he only sought and employed single parts as the
foundation for his divisions, it has, nevertheless, gained the
greatest success; firstly, in consequence of its being carried
out consistently, and secondly, by its nomenclature of natural
‘bodies, which has become extremely important, and at
which we must here briefly glance.

Before Linnaeus’ time, many vain attempts had been made
to throw light upon the endless chaos of different animal
and vegetable forms (then known) by adopting for them
suitable names and groupings ; but Linnseus, by a happy hit,
succeeded in accomplishing this important and difficult task,
when he established the so-called “binary nomenclature.”
The binary nomenclature, or the two-fold designation, as
Linngeus first established it, is still universally applied by
all zoologists and botanists, and will, no doubt, maintain
itself, for a long time to come, with undiminished authority.
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first time, it became possible to arrange the immense mass of
different organic forms according to their greater or less
degree of resemblance, and to obtain an easy survey of the
general outlines of such a “system.” Linnaeus facilitated
the tabulation and survey of this “system” of plants and
animals still more by placing together the most nearly
similar genera into so-called orders (ordines); and by
uniting the most nearly similar orders into still more com-
prehensive main divisions or classes. Thus, according to
Linnzeus, each of the two organic kingdoms were broken up
into a number of classes, the vegetable kingdom into twenty-
four, and the animal kingdom into six. Fach class again
contains several orders. Every single order may contain
a number of genera, and, again, every single genus several
species.

Valuable as was Linnseus’ binary nomenclature in a prac-
tical way, in bringing about a comprehensive systematic
distinction, designation, arrangement, and division of the
organic world of forms, yet the incalculable theoretical.
influence which it gained forthwith in relation to the
history of creation was no less important. Even now all
the important fundamental questions as to the history of
creation turn finally upon the decision of the very
remote and unimportant question, What veally are binds or
species ! Even now the idex of orgamic species may be
termed the central point of the whole question of ecreation,
the disputed centre, about the different conceptions of
which Darwinists and Anti-Darwinists fight.

According to Darwin’s opinion, and that of his adherents,
the different species of one and the same genus of animals
and plants are nothing else than differently developed
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worm, the garden and vineyard snails, as well as the great
majority of plants, a single individual.

Linnaeus further follows the Mosaic legend in regard to the
flood, by supposing that the great general flood destroyed all
existing organisms, except those few individuals of each
species (seven pairs of the birds and of clean animals, one
pair of unclean animals) which Noah saved in the ark, and
which were placed again on land; on Mount Ararat, after the
flood had subsided. He tried to explain the geographical
difficulty of the living together of the most different animals
and plants, as follows: Mount Ararat, in Armenia, being
situated in a warm climate, and rising over 16,000 feet in
height, combines in itself the conditions for a temporary
common abode of such animals as live in different zones.
Accordingly, animals accustomed to the polar regions could
climb up the cold mountain ridges, those accustomed to
a warm climate could go down to the foot of the mountain,
and the inhabitants of a temperate zone could remain mid-
way up the mountain.. From this point it was possible for
them to spread north and south over the earth.

It is scarcely necessary to remark that this Linnsan
hypothesis of creation, which evidently was intended to
harmonize most closely with the prevailing belief in the
Bible, requires no serious refutation. When we consider
Linngus’ clearness and sagacity in other matters, we may
doubt whether he believed it himself. ~ As to the simulta-
neous origin of all individuals of each species from one pair
of ancestors respectively (or in the case of the hermaphro-
dite species, from one original hermaphrodite), it is clearly
quite untenable ; for, apart from other reasons, in the first
days after the creation, the few animals of prey would have
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services to Biology, was clearly the reason why his views of
creation also remained, throughout the whole of the last
century, undisputed and_generally recognized. If through-
out systematic Zoolocy and Botany the distinctions,
classification, and designations of species, introduced by
Linnaeus, and the dogmatic ideas connected therewith had
not been maintained—more or less unaltered—we should be
at a loss to understand how his idea of an independent
creation of single species could have stood, by itself, down
to the present day. It is only owing to his great
authority, and through his attaching himself to the prevail-
ing Biblical belief, that his hypothesis of creation has
retained its position so long. )
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ship—we are forced to admit that they were created
independently, and we must either suppose that every
single organic individual was a special act of creation
(to which surely no naturalist will agree), or we must
derive all individuals of every species from a single in-
dividual, or from a single pair, which did not arise in a
natural manner, but was called into being by command of
a Creator. In so doing, however, we turn aside from the
safe domain of a rational knowledge of nature, and take
refuge in the mythological belief in miracles.

If, on the other hand, with Darwin, we refer the simi-
larity of form of the different species to real blood-relation-
ship, we must consider all the different species of animals
and plants as the altered descendants of one or a few most
simple original forms. Viewed in this way, the Natural
System of organisms (that is, their tree-like and branching
arrangement and division into classes, orders, families,
genera, and species) acquires the significance of a real genea-
logical tree, whose root is formed by those original archaic
forms which have long since disappeared. But a truly
natural and consistent view of organisms can assume no
supernatural act of creation for even those simplest original
forms, but only a coming into existence by spontanecous
generation® (archigony, or generatio spontanea). From
Darwin’s view of the nature of species, we arrive there-
fore at a natural theory of development; but from Lin-
neeus conception of the idea of species, we must assume a
supernatuwral dogma of creation.

Most naturalists after Linneeus, whose great services in

® Archebiosis (Bastian), Abiogenesis (Hurley).
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all organic individuals which were very similar, or almost
identical in form, and which could only be distinguished
from one another by very unimportant differences. On the
other hand, they considered as different species those
individuals which presented more essential or more striking |
differences in the formation of their bodies. But of course
this opened the flood-gates to the most arbitrary proceedings
in the systematic distinetions of species. For as all the
individuals of one species are mnever completely alike in
all their parts, but as every species varies more or less, no
one could point out which degree of variation constituted
a really “good species,” or which degree indicated a “mere
variety.” |

This dogmatic conception of the idea of species, and
the arbitrary proceedings connected with it, necessarily
led to the most perplexing eontradictions, and to the most
untenable suppositions. This is clearly demonstrable in
the case of the celebrated Cuvier (born in 1769), W]:u:-1r
next to Linnseus has exercised the greatest influence on
the study of zoology. In his conception and definition of
the idea of species, he agreed on the whole with Linneeus,
and shared also his belief in an independent ecreation of
individual species. Cuvier considered their immutability
of such importance that he was led to the foolish asser-
tion—“ The immutability of species is a necessary con-
dition of the existence of scienfific natural history.” As
Linnzeus’ definition of species did not satisfy him, he
made an attempt to give a more exact and, for syste-
matic practice, a more useful definition, in the following
words: “ All those individual animals and plants belong to
one species which can be proved to be either descended
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rate and easily discoverable signs in the number, size, place,
and form of individual organic parts of the body, Cuvier
penetrated much more deeply into the essence of organiza-
tion. He demonstrated great and wide differences in the
inner structure of animals, as the real foundation of a
scientific knowledge and classification of them. He dis-
tinguished natural families in the classes of animals, ang
~ established his natural system of the animal kingdom on
their comparative anatomy.

The progress from Linnseus’ artificial system to Cuvier’s
natural system was exceedingly important, Linnzeus had
arranged all animals in a single series, which he divided
into six classes, two classes of Invertebrate, and four classes
of Vertebrate animals. He distinguished these artificially,
according to the nature of their blood and heart. Cuvier,
on the other hand, showed that in the animal kingdom there
were four great natural divisions to be distinguished, which
he termed Principal Forms, or General Plans, or Branches
of the animal kingdom (Embranchments), namely—1. The
Vertebrate animals (Vertebrata); 2. The Articulate animals
(Articulata) ; 3. The Molluscous animals (Mollusca) ; and 4 =
The Radiate animals (Radiata). He further demonstrated =
that in each of these four branches a peculiar plan of strue-
ture or type was discernible, distinguishing each branch
from the three others, In the Vertebrate animals it is dis-
tinctly expressed by the form of the skeleton, or bony
framework, as also by the structure and position of the
dorsal merve-chord, apart from many other peculiarities.
The Articulate animals are characterized by their ventr
nerve-chord and their dorsal heart. In Molluses the sack-
shaped and non-articulate body is the distinguishing feature.é
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arrived at the same conclusion by means of comparative
anatomy, recognized the true cause of this difference.
This is disclosed to us by the Theory of Descent. The
wonderful and astonishing similarity in the inner organ-
ization and in the anatomical relations of structure, and
the still more remarkable agreement in the embryonic de-
velopment of all animals belonging te one and the same
type (for example, to the branch of the Vertebrate animals),
is explained in the simplest manner by the supposition of
their common descent from a single primary original form.
If this view is not accepted, then the complete agreement of
the most different Vertebrate animals, in their inner struc-
ture and their manner of development, remains perfectly
inexplicable. In fact it can only be explained by the law of
inheritance.

Next to the comparative anatomy of animals and the
systematic zoology founded anew by it, it was specially to
the secience of petrifactions, or Paleontology, that Cuvier
rendered great service. We must draw special attention
to this, because these very paleontological views, and the
geological ideas connected with them, were held almost
universally in the highest esteem during the first half of
the present century, and caused the greatest hindrance to
the working out of a truly natural history of ereation.

Petrifactions, the scientific study of which Cuvier pro-
moted at the beginning of our eentury in a most ex-
tensive manner, and established quite anew for the Verte-
brate animals, play one of the most important parts in the
“ non-miraculous history of creation.” For these remains
and impressions of extinct animals and plants, preserved to
us in a petrified condition, are the true “monuments of the
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aseribed the eoming into existence of the present species of
animals and plants—had made numerous attempts to create
organisms of different forms, but that these attempts had
only partially succeeded, had often failed, and that petrifac-
tions were nothing more than such unsuccessful attempts.
According to others, petrifactions originated from the in-
fluence of the stars upon the interior of the earth.

Others, again, had the still eruder notion that the Creator
had first made models (out of mineral substances—for
example, of gypsum or clay) of those forms of animals and
plants which he afterwards executed in organie substances,
and into which he breathed his living breath ; petrifactions
were accordingly such rude inorganic models. Even as late
as the last century these crude ideas prevailed, and it was
assumed, for example, that there existed a special “ seminal
air,” which was said to penetrate into the earth with
the water, and by fructifying the stones formed petrifactions
or “stony flesh” (caro fossilis).

It took a very long time before the simple and natural
view was accepted, namely, that petrifactions are in reality
nothing but what they appear to simple observation—the
indestructible remains of extinet organisms. It is true the
celebrated painter, Leonardo da Vinci, in the 15th century,
ventured to assert that the mud which was constantly
deposited by water was the cause of petrifactions, as it
surrounded the indestructible shells of mussels and snails
which lay at the bottom of the waters, and gradually turned
them into solid stone. The same idea was maintained in
the 16th century by a Parisian potter, Palissy by name,
who became celebrated on accoutt of his invention of
china, However, the so-called “professional men” were
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Wwas In one sense, yet in another it became to him the source
of a very serious error. For as he considered the charac-
‘teristic petrifactions of each individual group of strata
(which had been deposited during one main period of the
earth’s history) to be entirely different from those of the
strata lying above or below, and as he erroneously believed
that one and the same species of animal was never found in
two suceceeding groups of strata, he arrived at the false idea,
which was accepted as a law by most subsequent naturalists,
that a series of quite distinet periods of creation had
succeeded one another. Each period was supposed to have
had its special animal and vegetable world, each its peculiar
specific Fauna and Flora.

Cuvier imagined that the whole history of the earth’s
crust, since the time when living creatures had first appeared
on the surface, must be divided into a number of perfectly
distinct periods, or divisions of time, and that the individual
periods must have been separated from one another by
peculiar revolutions of an unknown nature (cataclysms, or
catastrophes). Each revolution was followed by the utter
annihilation of the till then existing animals and plants, and
after its termination a ecompletely new creation of organie
forms took place. A new world of animals and plants,
absolutely and specifically distinet from those of the preced-
ing historical periods, was called into existence at once, and
now again peopled the globe for thousands of years, till it
again perished suddenly in the crash of a new revolution.

About the nature and causes of these revolutions, Cuvier
expressly said that no idea could be formed, and that the
present active forces in nature were not sufficient for their
explanation. Cuvier points out four active causes as the
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should be obliged to have recourse to the action of super-
natural forces; that is, to the interference of miracles in the
natural course of things. It is only through miracles that
these revolutions of the earth could have been brought about,
and it is only through miracles that, after their cessation
and at the commencement of each new period, a new animal
and vegetable kingdom could have hbeen created. But
science has no room for miracles, for by miracles we under-
stand an interference of supernatural forces in the natural
course of development of matter.

Just as the great authority which Linnweus gained by
his system of distinguishing and naming organic species
led his successors to a complete ossification, as it were, of the
dogmatic idea of species and to a real abuse of the syste-
matic distinetion implied by it, so the great services which
Cuvier had rendered to the knowledge and distinetion
of extinet species became the cause of a general adoption
of his theory of revolutions and catastrophes, and of the
false views of creation connected therewith. The conse-
quence of this was that, during the first half of our century,
most zoologists and botanists clung to the opinion that a
series of independent periods in the organic history of the
earth had existed; that each period was distinguished by
distinet and peculiar kinds of animal and vegetable species ;
that these were annihilated at the termination of the period
by a general revolution ; and that, after the cessation of the
latter, a new world of different species of animals and plants
was created.

Tt is true some independent thinkers, above all the great
physical philosopher, Lamarck, even at an early period, set
forth a series of weighty reasons which refuted Cuvier’s
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of organisms, and the different attempts of naturalists at
classification, but also all the general biological phenomena,

which have reference to it. The history of the development

of organisms, both the embryonal and the palzontological,
comparative anatomy, the general economy of nature, the
geographical and topographical distribution of animals and
plants—in short, almost all the general phenomena of
organic nature are discussed in Agassiz's Essay on Classifi-
cation, and are explained in a sense and from a point of
view which is thoroughly opposed to that of Darwin.
While Darwin’s chief merit lies in the fact that he demon-
strates natural causes for the coming into existence of
animal and vegetable species, and thereby establishes the
mechanical or monistie view of the universe as regards this
most difficult branch of the history of creation, Agassiz, on
the contrary, strives to exclude every mechanical hypothesis
from the subject, and to put the supernatural interference
of a personal Creator in the place of the natural forees
of matter; consequently, to establish a thoroughly teleo-
logical or dualistic view of the universe. It will not be
out of place if I examine a little more closely Agassiz’s
biological views, and especially his ideas of creation,
because no other work of our opponents treats the important
fundamental questions with equal minuteness, and because
the utter untenableness of the dualistie conception of nature
becomes very evident from the failure of this attempt.

The organic species, the various conceptions of which we
have above designated as the real centre of dispute in the
opposed views of ereation, is looked upon by Agassiz, as
by Cuvier and Linnwus, as a form unchangeable in all its
essential characteristics. The species may indeed change

PR
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which it has gradually spread over the rest of the earth.
Instead of this, Agassiz assumes each species to have been
created at several points of the earth’s surface, and that in
each case a large number of individuals was created.

The “natural system ” of organisms, the different groups
and categories of which arranged above one another—
namely, the branches, classes, orders, families, genera, and
species—we consider, in accordance with the Theory of
Descent, as different branches and twigs of the organic family-
tree, is, according to Agassiz, the direct expression of the
divine plan of creation, and the naturalist, while investigat-
ing the natural system, repeats the creative thoughts of God.
In this Agassiz finds the strongest proof that man is the
image and child of God. The different stages of groups or
categories of the natural system correspond with the different
stages of development which the divine plan of ecreation
had attained. The Creator, in projecting and carrying out
this plan, starting from the most general ideas of creation,
plunged more and more into specialities. For instance,
when creating the animal kingdom, God had in the first
place four totally distinct ideas of animal hodies, which he
embodied in the different structures of the four great,
principal forms, types, or branches of the animal kingdom;
namely, vertebrate animals, articulate animals, molluscous
animals, and radiate animals. The Creator then, having
reflected in what manner he might vary these four different
plans of structure, next created within each of the four
principal forms, several different classes—for example, in
the vertebrate animal form, the classes of mammals,
birds, reptiles, amphibious animals, and fishes. Then
God further reflected upon the individual classes, and by
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groups. The Creator, however, according -to Agassiz, can
only move within six groups or categories: the species,
genus, family, order, class, and type. More than these six
categories do not exist for him.

When we read Agassiz’'s book on classification, and see
how he carries out and establishes these strange ideas, we can
scarcely understand how, with all the appearance of scien-
tific earnestness, he can persevere in his idea of the divine
Creator as a man-like being (anthropomorphism), for by his
explanation of details he produces a picture of the most
absurd nonsense. In the whole series of these suppositions
the Creator is nothing but an all-mighty man, who, plagued
with ennawi, amuses himself with planning and constructing
most varied toys in the shape of organic species. After
having diverted himself with these for thousands of years,
they become tiresome to him, he destroys them by a general
~ revolution of the earth’s surface, and thus throws the whole
of the useless toys in heaps together; then, in order to
* while away his time with something new and better, he
calls a new and more perfect animal and vegetable world
into existence. But in order not to have the trouble of
beginning the work of creation over again, he keeps, in the
main, to his original plan of creation, and creates merely
new species, or at most only new genera, and much more
rarely new families, new orders, or classes. He never suc-
ceeds in producing a new style or type, and always keeps
strictly within the six categories or graduated groups,

When, according to Agassiz, the Creator has thus amused
himself for thousands of millions of years with constructing
and destroying a series of different creations, at last (but
very late) he is struck with the happy thought of creating
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and phylogeny, which I have already (p. 10) claimed as
one of the strongest pillars of the Theory of Descent. No
one before had so distinctly stated as Agassiz did, that, of
the Vertebrate animals, fishes alone existed, at first, that
amphibious animals came later, and that birds and mam-
mals appeared only at a much later period; further, that
among mammals, as among fishes, imperfect and lower
orders had appeared first, but more perfect and higher
orders at a later period. Agassiz, therefore, showed that
the paleontological development of the whole Vertebrate
group was not only parallel with the embryonie, but also
with the systematic development, that is, with the graduated
series which we see everywhere in the system, ascending
from the lower to the higher classes, orders, ete.

In the earth’s history lower forms appeared first, the
higher forms later. This important fact, as well as the
agreement of the embryonic and palzontological develop-
ment, is explained quite simply and naturally by the
Doctrine of Descent, and without it is perfectly inex-
plicable. This cause holds good also in the great law of
progressive development, that is, of the historical progress
of organization, which is traceable, broadly and as a whole,
in the historical succession of all organisms, as well as in
the special perfecting of individual parts of animal bodies.
Thus, for example, the skeleton of Vertebrate animals
acquired at first slowly, and by degrees, that high degree
of perfection which it now possesses in man and the other
higher Vertebrate animals. This progress, acknowledged
in point of fact by Agassiz, necessarily follows from Dar-
win’s Doctrine of Descent, which demonstrates its active
causes. If this doctrine is correct, the perfecting and diver-
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Considering the wide popularity and great authority
which Agassiz’'s work has gained, and which is perhaps
justified on account of earlier scientific services rendered by
~ the author, I have thought it my duty here to show the
utter untenableness of his general conceptions. So far as
this work pretends to be a scientific history of creation, it
is undoubtedly a complete failure. But still it has great
value, being the only detailed attempt, adorned with scien-
tific arguments, which an eminent naturalist of our day
has made to found a-teleological or dualistic history of
creation. The utter impossibility of such a history has
thus been made obvious to every one. No opponent of
Agassiz could have refuted the dualistic conception of
':}rga.nic nature and its origin more strikingly than he him-
self has done by the intrinsic contradictions which present
themselves everywhere in his theory.

The opponents of the monistic or mechanical eonception
of the world have welcomed Agassiz’s work with delight,
and find in it a perfect proof of the direct creative action of
a personal God. But they overlook the fact that this per-
sonal Creator is only an idealized organism, endowed with
human attributes. This low dualistic conception of God
corresponds with a low animal stage of development of
the human organism. The more developed man of the pre-
sent day is capable of, and justified in, conceiving that
infinitely nobler and sublimer idea of God which- alone 1s
compatible with the monistic conception of the universe, and
which recognizes God’s spirit and power in all phenomena
without exception. This monistic idea of God, which belongs
to the future, has already been expressed by Giordano
Bruno in the following words:—“A spirit exists in all
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CHAPTER IV.

THEORY OF DEVELOPMENT ACCORDING TO GOETHE
AND OKEN.,

Seientific Insufficiency of all Conceptions of a Creation of Individual Species
—Necessity of the Counter Theories of Development.—Historical
Survey of the Most ITmportant Theories of Development.—Aristotle.—
His Doctrine of Spontaneous Generation.—The Meaning of Natural
Philosophy.—Goethe.—His Merits as a Naturalist.—His Metamorphogis
of Plants.—His Vertebral Theory of the Skull.—His Discovery of the
Mid Jawbone in Man.—Goethe’s Interest in the Dispute between
Cuvier and Geoffroy 8t. Hilaire.—Goethe’s Discovery of the Two Organic
Formative Principles, of the Conservative Principle of Specification (by
Inheritance), and of the Progressive Principle of Transformation (by
Adaptation).—Goethe’s Views of the Common Descent of all Vertebrate
Animals, including Man.—Theory of Development according to Gottfried
Reinhold Treviranus.—His Monistic Conception of Nature.—Oken.—His
Natural Philosophy.—Oken’s Theory of Protoplasm.—Oken’s Theory
of Infusoria (Cell Theory).—OQOken’s Theory of Development.

ArL the different ideas which we may form of a separate
and independent origin of the individual organic species
by creation lead us, when logically carried out, to a so-
called anthropomorphism, that is, to imagining the Creator
as a man-like being, as was shown in our last chapter.
The Creator becomes an organism who designs a plan,
reflects upon and varies this plan, and finally forms
creatures according to this plan, as a human architect
would his building. If even such eminent naturalists as
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conflagration, or of a railway accident, as of the creation of
man.” (Jenaische Zestscrift, bd. v. p. 272.)

In the face, then, of these hypotheses of ereation, which
are scientifically insufficient, we are forced to seek refuge in
the counter-theory of development of organisms, if we wish
to come to a rational conception of the origin of organ-
isms. We are forced and obliged to do so, even if the theory
of development only throws a glimmer of probability
upon a mechanieal, natural origin of the animal and vege-
table species; but all the more if, as we shall see, this
theory explains all facts simply and clearly, as well as com-
pletely and comprehensively. The theories of develop-
ment are by no means, as they often falsely are represented
to be, arbitrary fancies, or wilful products of the imagination,
which only attempt approximately to explain the origin of
this or that individual organism; but they are theories
founded strictly on science, which explain in the simplest
manner, from a fixed and clear point of view, the whole of
organic natural phenomena, and more especially the origin
of organie species, and demonstrate them to be the necessary
consequences of mechanical processes in nature.

As I have already shown in the second chapter, all
these theories of development coincide naturally with that
general theory of the universe which is usually designated
as the uniform or monistic, often also as the mechanical or
causal, because it only assumes mechanical causes, or causes
working by mecessity (cause efficientes), for the explanation
of natural phenomena. In like manner, on the other hand,
the supernatural hypotheses of creation which we have al-
ready discussed coincide completely with the opposite view
of the universe, which in contrast to the former is called the
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himself, and about the origin of the world around him, the
natural theories of development, on the other hand, are
necessarily of much more recent origin. These views are
met with only among nations of a more matured civilization,
to whom, by philosophie culture, the necessity of a know-
ledge of natural causes has become apparent; and even among
these, only individual and specially gifted natures can be
expected to have recognized the origin of the world of
phenomena, as well as its course of development, as the
necessary consequences of mechanical, naturally active
causes. In no nation have these preliminary conditions, for
the origin of a mnatural theory of development, ever existed
in so high a degree as among the Greeks of classic antiquity.
But, on the other hand, they lacked a close acquaintance
with the facts of the processes and forms of nature, and,
consequently, the foundation based upon experience, for a
satisfactory unravelling of the problem of development.
~ Exact investigation of nature, and the knowledge of nature
founded on an experimental basis, was of course almost
unknown to antiquity, as well as to the Middle Ages, and
is only an acquisition of modern times. We have therefore
here no special occasion to examine the natural theories
of development of the various Greek philosophers, since
they were wanting in the knowledge gained by experience,
both of organic and inorganic nature, and since they
almost always, as the consequence, lost themselves in airy
speculations.

One man only must be mentioned here by way of
exception,—Aristotle, the greatest and the only truly great
naturalist of antiquity and the Middle Ages, one of the
orandest geniuses of all time. To what a degree he stands
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of development. As these naturalists are generally called
nature-philosophers (Naturphilosophen), and as this
ambiguous designation is correct in a certain sense, it

appears to me appropriate here to say a few words about
the correct estimate of the “ Naturphilosophie.”

Although for many years in England the ideas of natural
science and philosophy have been looked upon as almost
equivalent, and as every truly scientific investigator of
nature is most justly called there a “natural philosopher,”
yet in Germany for more than half a eentury natural science
has been kept strictly distinet from philosophy, and the union
of the two into a true philosophy of nature is recognized
only by the few. This misapprehension is owing to the
fantastic eccentricities of earlier German nature-philosophers,
such as Oken, Schelling, ete. ; they believed that they were
able to construct the laws of nature in their own heads,
without being obliged to take their stand upon the grounds
of actual experience. When the complete hollowness of
their assumptions had been demonstrated, naturalists, in
“the nation of thinkers,” fell into the very opposite extreme,
believing that they would be able to reach the high aim of
science, that is, the knowledge of truth, by the mere experi-
ence of the senses, and without any philosophical activity ot
thought.

From that time, but especially since 1830, most naturalists
have shown a strong aversion to any general, philosophical
view of nature. The real aim of natural science was now
supposed to consist in the knowledge of details, and it was
believed that this would be attained in the study of biology,
when the forms and the phenomena of life, in all individual
organisms, had become accurately known, by the help of the
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their hard-won knowledge of details lies in the general
results which more comprehensive minds will one day
derive from them.

From a general survey of the course of biological develop-
ment since Linnweus’ time, we can easily see, as Biir has
pointed out, a continual vacillation between these two ten-
dencies, at one time a prevalence of the empirical—the
so-called exact—and then again of the philosophical or
speculative tendency. Thus at the end of the last century,
in opposition to Linneus’ purely empirical school, & natural-
philosophieal reaction took place, the moving spirits of
which, Lamarck, Geoffroy St. Hilaire, Goethe, and Oken,
endeavoured by their mental work to introduce light and
order into the chaos of the accumulated empirical raw
material. In opposition to the many errors and specu-
lations of these natural philosophers, who went too far,
Cuvier then came forward, introducing a second, purely
empirical period. It reached its most one-sided development
between the years 1830-1860, and there now followed a
second philosophical reaction, caused by Darwin’s work.
Thus during the last ten years, men again have begun to
endeavour to obtain a knowledge of the general laws of
nature, to which, after all, all detailed knowledge of experi-
ence serves only as a foundation, and through which alone
it acquires its true value. It is through philosophy alone
that natural knowledge becomes a true science, that is,
a philosophy of nature. (Gen. Morph. i. 63-108.)

Jean Lamarck and Wolfgang Goethe stand at the head of
all the great philosophers of nature who first established a
theory of organic development, and who are the illustrious
fellow-workers of Darwin. I+ turn first to our beloved
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the fame of his other valuable works. Tt is quite different,
in the organic sciences, in which we are but rarely able to
proceed, from the beginning, upon a firm mathematical
basis; we are rather compelled, by the infinitely difficult
and intricate nature of the problem, at the first to form
induetions—that is, we are obliged to endeavour to establish
general laws by numerous individual observations, which
are not quite complete. A comparison of kindred series of
phenomena, or the method of combination, 1s here the most
important instrument for inquiry, and this method was
applied by Goethe with as much success as with conscious
knowledge of its value, in his works relating to the
philosophy of nature. '

The most celebrated among Goethe’s writings relating to
organic nature is his Metamorphosis of Plants, which ap-
peared in 1790, a work which distinctly shows a grasp of the
fundamental idea of the theory of development, inasmuch
as Goethe, in it, was labouring to point out a single organ,
by the infinitely varied development and metamorphosis of
which the whole of the endless variety of forms in the world
of plants might be conceived to have arisen; this funda-
mental organ he found in the leaf. If at that time the mi-
croscope had been generally employed, if Goethe had
examined the structure of organisms by the means of the
microscope, he would have gone still further, and would
have seen that the leaf is itself a compound of individual
parts of a lower order, that is, of cells. He would then not
have declared that the leaf, but that the cell is the real fun-
damental organ by the multiplication, transformation, and
combination (synthesis) of which, in the first place, the leaf
is formed ; and that, in the next place, by transformation,
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finitely varied in the different species, and in the parts of
individual species.

But Goethe did not merely endeavour to search for such
far-reaching laws, he also occupied himself most actively
for a long time with numerous individual researches,
especially in comparative anatomy. Among these, none is
perhaps more interesting than the discovery of the mid jow-
Lone vn mam. As this is, in several respects,of importance.
to the theory of development, I shall briefly explain it
here. There exist in all mammals two little bones in the
upper jaw, which meet in the centre of the face, below the.
nose, and which lie between the two halves of the real upper
jawbone.  These two bones, which hold the four upper
cutting teeth, are recognized without difficulty in most
mammals ; in man, however, they were at that time un-
known, and celebrated comparative anatomists even laid
great stress upon this want of a mid jawbone, as they con-.
sidered it to constitute the principal difference between men
and apes—the want of a mid jawbone was, curiously
enough, looked upon as the most human of all human
characteristics. But Goethe could not accept the notion
that man, who in all other corporeal respects was clearly
only a mammal of higher development, should lack this mid
jawbone.

By the general law of induction as to the mid jawbone
he arrived at the special deductive conclusion that it must
exist in man also, and Goethe did not rest until, after com-
paring a great number of human skulls, he really found ..
the mid jawbone. In some individuals it is preserved
throughout a whole lifetime, but usually at an early age
it coalesces with the neighbouring upper jawbone, and is.
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much interwoven with a mass of useless philosophical
fancies, that the latter greatly detract from the former.

Nothing is perhaps more characteristic of the extraordi-
nary interest which Goethe took in the investigation of
organic nature than the lively way in which, even in his
last years, he followed the dispute which broke out in
France between Cuvier and Geoffroy de St. Hilaire. Goethe,
in a special treatise which was only finished a few days
before his death, in March, 1832, has given an interesting
description of this remarkable dispute and its general im-
portance, as well as an excellent sketch of the two great
opponents.  This treatise bears the title “ Principes de
Philosophie Zoologique par M. Geoffroy de Saint Hilaire ”;
it is Goethe’s last work, and forms the eonclusion of the
collected edition of his works. The dispute itself was,in
several respeets, of the highest interest. It turned essentially
upon the justification of the theory of development. It
was carried on, moreover, in the bosom of the French
Academy, by both opponents, with a personal vehemence
almost unheard of in the dignified sessions of that learned
body ; this proved that both naturalists were fighting for
their most sacred and deepest convictions. The confliet
began on the 22nd of February, and was followed by
several others ; the fiercest took place on the 19th of
July, 1830. Geoffroy, as the chief of the French nature-
philosophers, represented the theory of natural development
and the monistic coneeption of nature. He maintained the
mutability of organic species, the common descent of the
individual species from common primary forms, and the
unity of their organization—or the unity of the plan of
structure, as it was then called.
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“but what else could be expected under the -circum-

stances, and with such a ministry, except that it would
end in the expulsion of the present royal family 2> < We do
not seem to understand each other, my dear friend,” replied
Goethe. “I am not speaking of those people at all; I am
interested in something very different, I mean the dispute
between Cuvier and Geoffroy de Saint Hilaire, which has
broken out in the Academy, and which is of such great im-
portance to science’ This remark of Goethe’s came upon
me so unexpectedly, that I did not know what to say, and
my thoughts for some minutes seemed to have come to a
complete standstill. <The affair is of the utmost import-
ance, he continued, ‘and you cannot form any idea of what
I felt on receiving the news of the meeting on the 19th.

In Geoffroy de Saint Hilaire we have now a mighty ally
for a long time to come. But I see also how great the

sympathy of the French scientific world must be in this

affair, for, in spite of the terrible political excitement, the
meeting on the 19th was attended by a full house. The
best of it is, however, that the synthetic treatment of
nature, introduced into France by Geoffroy, ean now no
longer be stopped. This matter has mow become public
through the discussions in the Academy, carried on in the

presence of a large audience; it can no longer be referred

to secret committees, or be settled or suppressed behind

closed doors.””

In my book on “The General Morphology of Organisms”

I have placed as headings to the different booles and chapters

a selection of the numerous interesting and important sen-

tences in which Goethe clearly expresses his view of

organic nature and its constant development, I will here
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every organic form “as the inner original community” is
the iwner constructive force, which receives the original
direction of form-production—that is, the tendency to give
rise to a particular form—and is propagated by Inheritance.
The “uninterruptedly progressive transformation,” on the
other hand, which “springs from the necessary relations to
the outer world,” acting as an external formative force,
produces, by Adaptation to the surrounding conditions of
life, the “infinite variety of forms” (Gen. Morph. i. 154;
ii. 224). The internal formative tendency of Inleritance,
which retains the unity of the original type, is called by
Goethe in another passage the centripetal force of the organ-
ism, or its tendency to specification ; in contrast with this he
calls the external formative tendency of Adaptation, which
produces the variety of organic forms, the centrifugal force
of organisms, or their tendency to variation. The passage
in which he clearly indicates the “equilibrium ” of these two
extremely important organic formative tendencies, runs as
follows: “The idea of metwmorphosis resembles the vis
centrifuga, and would lose itself in the infinite, if a counter-
poise were not added to it: I mean the tendency to specifi-
cation, the strong power to preserve what once has come
into being, a vis centripeta, which in its deepest foundation
cannot be affected by anything external.”

Metamorphosis, according to Goethe, consists not merely,
as the word is now generally understood, in the changes of
form which the organic individual experiences during its
individual development, but, in a wider sense, in the
transformation of organic forms in general. His idea of
metamorphosis is almost synonymous with the theory of
development. This is clear, among other things, from the -







02 - THE HISTORY OF CREATION.

theory that all “the more perfect organic natures” that is
all Vertebrate animals, are descended from one common
prototype, that they have arisen from it by propagation
(Inheritance) and transformation (Adaptation), may be
distinctly inferred. But it is especially interesting to
observe that Goethe admits no exceptional position for man,
but rather expressly includes him in the tribe of the other
Vertebrate animals. The most important special inference
of the Doctrine of Filiation, that man is deseended from
other Vertebrate animals, may here be recognized in the
oerm.?

This exceedingly important funda,mental idea is expressed
by Goethe still more clearly in another passage (1807), in
the following words :— If we consider plants and animals in
their most imperfect condition, they can scarcely be distin-
oguished. But this much we can say, that the creatures
which by degrees emerge as plants and animals out of a
common phase, where they are barely distinguishable, arrive
at perfection in two opposite directions; so that the plant in
the end reaches its highest glory in the tree, which is
immovable and stiff, the animal in man, who possesses
the greatest elasticity and freedom.” This remarkable
passage not only indicates most explicitly the genealogical
velationship between the vegetable and animal kingdoms,
but contains the germ of the monophyletic hypothesis of
descent, the importance of which I shall have to explain
hereafter. (Compare Chapter XVI. and the Pedigree,
vol. ii. pp. T4, 75.)

At the time when Goethe in this way als.etﬂhed the
fundamental features of the Theory of Descent, another
German philosopher, Gottfried Reinhold Treviranus, of
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lowest order and of the simplest character, namely, those
neutral primitive beings which stand midway between
animals and plants, and on the whole correspond with our
protista. «These zoophytes,” he remarks in another pass-
age, “are the original forms out of which all the organisms
of the higher classes have arisen by gradual development,
We are further of opinion that every species, as well as
every individual, has certain periods of growth, of bloom,
and of decay, but that the decay of a species is degeneration,
not dissolution, asin the case of the individual. From this it
appears to us to follow that it was not the great catastrophes
of the earth (as is generally supposed) which destroyed the
animals of the primitive world, but that many survived
them, and it is more probable that they have disappeared
from existing nature, because the species to which they
belonged have completed the cirele of their existence, and
have become changed into other kinds.”

When Treviranus, in this and other passages, points to
degemeration as the most important cause of the transforma-
tion of the animal and vegetable species, he does not under-
stand by it what is now commonly called degeneration.
With him “degeneration” is exactly what we now call
Adaptation or modification, by the action of external
formative forces. That Treviranus explained this trans-
transformation of organic species by Adaptation, and its
preservation by Inheritance, and thus the whole variety of
organic forms by the inter-action of Adaptation and In-
heritance, is clear also from several other passages. How
profoundly he grasped the mutual dependence of all living
creatures on one another, and in general the wumniversal
connection between cause and effect—that is, the monistic
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entertain a very kindly feeling towards him. Although they
lived for some time in the same neighbourhood, yet the
natures of these two men were so very different, that they
could not well be drawn towards each other. Oken’s “ Manual
of the Philosophy of Nature,” which may be designated as the
most important production of the mature-philosophy school
then existing in Germany, appeared in 1809, the same year
in which Lamarck’s fundamental work, the “ Philosophie
Zoologique,” was published. As early as 1802, Oken had
published an “ Outline of the Philosophy of Nature.” As we
have already intimated, in Oken’s as in Goethe’s works, a
number of valuable and profound thoughts are hidden
among a mass of erroneous, very eccentric, and fantastic con-
ceptions.  Some of these ideas have only quite recently and
gradually become recognized in science, many years after
they were first expressed. I shall here quote only two
thoughts, which are almost prophetic, and which at the
same time stand in the closest relation to the theory of
development.

One of the most important of Oken’s theories, which was
formerly very much decried, and was most strongly com-
batted, especially by the so-called “exact experimentalists,”
is the idea that the phenomena of life in all organisms pro-
ceed from a common chemical substance, so to say, from a
general simple vital-substamce, which he designated by the
name Urschlevm, or original slime. By it he meant, as the
name indicates, a mucilaginous substance, an albuminous
combination, which exists in a semi-fluid condition of aggre-
gation, and possesses the power, by adaptation to different
conditions of existence in the outer world and by inter-
action with its material, of producing the most various forms
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bladders arise from original semi-fluid globules of the primi-
tive slime, by the fact of their periphery becoming con-
densed. The simplest organism, as well as every animal
and every plant of higher kind, is nothing else than “an
accumulation (synthesis) of such infusorial bladders, which
by various combinations assume various forms, and thus
develop into higher organisms.” Here again we need only
translate the expression little bladder, or wnfusorium, by
the word cell, and we arrive at the Cell theory, one of the
grandest biological theories of our century. Schleiden and
Schwann, about thirty years ago, were the first to furnish
experiential proof that all organisms are either simple cells,
or accumulations (syntheses) of such cells; and the more recent
protoplasm theory has shown that protoplasm (the original
slime) 1s the most essential (and sometimes the only) con-
stituent part of the genuine cell. The properties which Oken
ascribes to his Infusoria are exactly the properties of cells,
the properties of elementary beings, by whose accumulation,
combination, and varying development, the higher organisms
are formed.

These two extremely fruitful thoughts of Oken, on account
of the absurd form in which he expressed them, were at
first little heeded, or entirely misunderstood, and it was
reserved for a much later era to establish them by actual
observation. The supposition that the individual species of
plants and animals originated from common prototypes by
a slow and gradual development of the higher organisms out
of lower ones, was of course most closely connected with
these ideas. Man’s descent from lower organisms was like-
wise asserted by Oken—¢“Man has been developed, not
created,” Although many arbitrary perversities and ex-
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CHAPTER V.

THEORY OF DEVELOPMENT ACCORDING TO KANT
AND LAMARCK,

Eant’s Dualistic Biology.—His Conception of the Origin of Inorganic
Nature by Mechanical Causes, of Organic Nature by Causes acting for a
Definite Purpose.—Contradiction of this Conception with his leaning
towards the Theory of Descent.—Kant's Genealogical Theory of
Development. — Its Limitation by his Teleology. — Comparison of
Genealogical Biology with Comparative Philology.—Views in favour of
the Theory of Descent entertained by Leopold Buch, Bir, Schleiden,
Unger, Schaafhansen, Victor Carus, Biichner. — French Nature-
philosophy. — Lamarck’s Philosophie Zoologique. — Lamarck’s Monistic
(mechanical) System of Nature.—His Views of the Inter-action of the
Two Organic Formative Tendencies of Inheritance and Adaptation.—
Lamarck’s Conception of Man’s Development from.Ape-like Mammals. —
Geoffroy St. Hilaire’s, Naudin’s, and Lecoq's Defence of the Theory of
Descent.—English Nature-philosophy.—Views in favour of the Theory
of Descent, entertained by Erasmus Darwin, W. Herbert, Grant, Freke,
Herbert Spencer, Hooker, Huxley,—The Double Merit of Charles
Darwin.

THE teleological view of nature, which explains the phe-

nomena of the organic world by the action of a personal

Creator acting for a definite purpose, necessarily leads, when

carried to its extreme consequences, either to utterly unten-

able contradictions, or to a twofold (dualistic) conception
of nature, which most directly contradicts the unity and
simplicity of the supreme laws which are everywhere
perceptible. The philosophers who embrace teleology must
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If we read Kant’s Criticism of the Teleological Faculty
of Judgment, his most important biological work, we
perceive that in contemplating organic mature he always
maintains what is essentially the teleological or dualistic
point of view ; whilst for inorganic nature he, uncondition-
ally and without reserve, assumes the mechanical or monis-
tic method of explanation. He affirms that in the domain
of inorganic nature all the phenomena can be explained by
mechanical causes, by the moving forces of matter itself, but
not so in the domain of organic nature. In the whole of
Anorganology (in Geology and Mineralogy, in Meteorology
and Astronomy, in the physics and chemistry of inorganic
natural bodies), all phenomena are said to be explicable
merely by mechanism (causa efficiens), without the interven-
tion of a final purpose. In the whole domain of Biology, on
the other hand—in Botany, Zoology, and Anthropology—me-
chanism is not considered sufficient to explain to us all their
phenomena ; but we are supposed to be able to comprehend
them only by an assumption of a final cause acting for a defi-
nite purpose (causa finalis). In several passages Kant em-
phatically remarks that, from a strictly scientific point of
view, all phenomena, without exception, require a mechani-
cal interpretation, and that mechanism alone can offer a true
explanation. But at the same time he thinks, that in regard
to living natural bodies, animals and plants, our human
power of comprehension is limited, and not sufficient for
arriving at the real cause of organie processes, especially at
the origin of organic forms. The 7ight of human reason to
explain all phenomena mechanically is unlimited, he says,
but its power is limited by the fact that organic nature can
ba conceived only from a teleological point of view.
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in fact, no science can exist. This analogy of forms (in so
far as they seem to have been produced in accordance with
a commen prototype, notwithstanding their great variety)
strengthens the supposition that they have dn actual blood-
relationship, due to origination from a common parent; a
' supposition which is arrived at- by observation of the
- graduated approximation of one class of animals to another,
beginning with the one in which the principle of purposive-
ness seems to be most eonspicuous, that is man, and extend-
ing down to the polyps, and from these even down to mosses
-and lichens, and arriving finally at raw matter, the lowest
-stage of mature observable by us. From this matter and
its forces the whole apparatus of Nature seems to have
descended according to mechanical laws (such as those
which she follows in the production of erystals); yet this
apparatus, as seen in organic beings, is so incomprehensible
to us, that we feel ourselves compelled to conceive for it a
different prineiple. But it would seem that the archzeologist
of Nature is at liberty to regard the great Family of
creatures (for as a Family we must conceive it, if the above-
mentioned continuous and connected relationship has a real
foundation) as having sprung from the immediate results of
her earliest revolutions, judging from all the laws of their
mechanism known to or eonjectured by him.”
If we take this remarkable passage out of Kants
« Clriticism of the Teleological Faculty of Judgment,” and
consider it by itself, we cannot but be astonished to find
how profoundly and clearly the great thinker, even in 1790,
had recognized the inevitable necessity of the Doctrine
of Descent, and designated it as the only possible way of
explaining organic nature by mechanical laws—that is, by
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the heading of the remarkable § 79, which contains the two
contradictory passages cited : “ Of the Necessary Subording-
tion of the Mechanical to the Teleological Principle, in the
explanation of a thing as a purpose or object of Nature”

He expresses himself most decidedly against the mechanical
explanation of organic nature in the following passage
(§74): “It is quite certain that we cannot become sufficiently:
acquainted with organized creatures and their hidden
potentialities by aid of purely mechanical natural principles,
much less can we explain them ; and this is so certain, that
we may boldly assert that it is absurd for man even to con-
ceive such an idea, or to hope that a Newton may one day
arise able to make the production of a blade of grass com-
prehensible, according to natural laws ordained by no inten-
tion; such an insight we must absolutely deny to man.”
Now, however, this impossible Newton has really appeared
seventy years later in Darwin, whose Theory of Selection
has actually solved the problem, the solution of which
Kant had considered absolutely inconeceivable !

In connection with Kant and the German philosophe
whose theories of development have already occupied us in
the preceding chapter, it seems justifiable to consider briefly
some other German naturalists and philosophers, who, in the
course of our century, have more or less distinctly resisted
the prevailing teleological views of creation, and vindicated
the mechanical conception of things which is the basis of
the Doctrine of Filiation. Sometimes general philosophical
congiderations, sometimes special empirical observations,
were the motives which led these thinking men to form the
idea that the various individual species of organisms must:
have originated from common primary forms. Among them
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We perceive that Buch is here led to the fundamenta)
idea of the Theory of Descent by the phenomena of the
geography of plants, a department of biological knowledge
which in fact furnishes a mass of proofs in favour of if.
Darwin has minutely discussed these proofs in two separate
chapters of his book (the 11th and 12th). Buch’s remark is
further of interest, because it leads ms to the exceedingly
instruetive comparison of the different branches of language
with the species of organisms, a comparison which is of the
greatest use to Comparative Philology, as well as to Compara-
tive Botany and Zoology. Just as, for example, the different
dialects, provineialisms, branches, and off-shoots of the.
German, Slavonie, Greco-Latin, and Irano-Indian parent lan- -
ouage, are derived from a single common Indo-Germanie:
parent tongue, and just as their differences are explained by
Adaptation, and their common fundamental characters ex=.
plained by Inheritance, so in like manner the different species, ,
genera, families, orders, and classes of Vertebrate animals|
are derived from a single common vertebrate form of animal. .
Here also Adaptation is the cause of differences, Inheritance
the cause of community of character. This interesting
parallelism in the divergent development of the forms of
speech and the forms of organisms has been discussed ini
the clearest manner by one of our first comparative philolo--
gists, the talented Augustus Schleicher, whose premature:
death, four years ago, remains an irreparable loss, not only
to our University of Jena, but to the whole of monistie
seience.®

Among other eminent German naturalists who have ex-
pressed their belief in the Theory of Descent more or less:
distinctly, arriving at their conclusion in very various ways,:
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necessary, not merely upon philosophical grounds, but upon
those of experience and observation.?

Victor Carus, of Leipzig, in the Introduction to his
excellent “System of Animal Morphology,”? published in
1853, in which he endeavours to establish in a philosophical
manner the universal constructive laws of the animal body
through comparative anatomy and the history of develop-
ment, makes the following remark :—“ The organisms buried
in the most ancient geological strata must be looked upon

as the ancestors from whom the rich diversity of forms of

the present creation have originated by continued genera-

tion, and by accommodation to progressive and very different

conditions of life.”

In the same year (1853) Schaaffhausen, the anthropologist

of Bonn, in an Essay “ On the Permanence and Transforma-~

tion of Species,” declared himself decidedly in favour of the

Theory of Descent. According to him, the living species of

animals and plants are the transformed descendants of ex-
tinet speeies, from which they have arisen by gradual modi-
fication. The divergence or separation of the most nearly
allied species takes place by the destruction of the conneect-
ing intermediate stages. Schaaffhausen also maintained,

with distinctness, the origin of the human race from ani
mals, and its gradual development from ape-like animals, the
most important deduction from the Doctrine of Filiation.
Lastly, we have still to mention among the German Nature-
~ philosophers the name of Louis Biichner, who, in his cele-
brated work, “ Foree and Matter” (1855), also independently
developed the principles of the Theory of Descent, taking
his stand mainly on the ground of the undeniable evidences
of fact which are furnished by the paleontological and in-

{
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cumstance that it was not understood by most men, and for
fifty years was not spoken of at all. Cuvier, Lamarck’s
greatest opponent, in his “ Report on the Progress of Natural
Sciences,” in which the most unimportant anatomical inves
tigations are enumerated, does not devote a single word to
this work, which forms an epoch in science. Goethe, also, who
took such a lively interest in the French nature-philosophy
and in “the thoughts of kindred minds beyond the Rhine,”
nowhere mentions Lamarck, and does not seem to have
known the “ Philosophie Zoologique ” at all. The great repu-
tation which Lamarck gained as a naturalist he does not owe
to his highly important general work, but to numerous ‘special
treatises on the lower amimals, particularly on Molluses,
as well as to an excellent “ Natural History of Invertebrate
Animals”” which appeared, in seven volumes, between the
years 1815-1822. The first volume of this celebrated work
contains in the general introduction a detailed exposition of
his theory of filiation. I can, perhaps, give mno better
idea of the extraordinary importance of the “ Philosophie
Zoologique ” than by quoting werbatim some of the most
important passages therefrom :— t
“The systematic divisions of classes, orders, families,
cenera, and species, as well as their designations, are the
arbitrary and artificial productions of man. The kinds or
species of organisms are of unequal age, developed one after
the other, and show only a relative and temporary persist-
ence ; species arise out of varieties. The differences in the
conditions of life have a modifying influence on the organ-
ization, the general form, and the parts of animals, and so
has the use or disuse of organs. In the first beginning only
the very simplest and lowest animals and plants came into
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violent cataclysmic revolutions ; and in general the ineon-
ceivableness of any miracle, of any supernatural interference,
in the natural course of the development of matter.

The fact that Lamarck’s wonderful intellectual feat met
with searcely any recognition, arises partly from the im-
mense length of the gigantic stride with which he had
advanced beyond the next fifty years, partly from its
defective empirical foundation, and from the somewhat one-
sided character of some of his arguments. TLamarck quite
correctly recognizes Adaptation as the first mechaniecal
cause which effects the continual transformation of organic
forms, while he traces with equal justice the similarity
in form of different species, genera, families, ete., to their
blood-relationship, and thus explains it by JInheritance.
Adaptation, according to him, consists in this, that the per-
petual, slow change of the outer world causes a corre-
sponding change in the actions of organisms, and thereby
also causes a further change in their forms. He lays the
greatest stress upon the effect of habil upon the use and
disuse of organs. This is certainly of great importance
in the transformation of organic forms, as we shall see
later. However, the way in which Lamarck wished to
explain exclusively, or at any rate mainly, the change of
forms, is after all in most cases not possible. He says, fo
example, that the long neck of the giraffe has arisen from i
constantly stretching out its neck at high trees, and fro
the endeavour to pick the: leaves off their branches;
giraffes generally inhabit dry districts, where only th
foliage of trees afford them nourishment, they were forced:
to this action. In like manner the long tongues of wood-
peckers, humming-birds, and ant-eaters, are said by him to
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developed ; in front, the arms and hands, for the purpose of '
seizing objects. The upright walk was then followed by a
freer view over the surrounding objects, and led consequently
to an important progress in mental development. Human
apes thereby soon gained a great advantage over the other
apes, and further, over surrounding organisms in general.
In order to maintain the supremacy over them, they
formed themselves into companies, and there arose, as in the
case of all animals living in company, the desire of com-
municating to one another their desires and thoughts. Thus
arose the necessity of language, which, consisting at first of
rough and disjointed sounds, soon hecame more connected,
developed, and articulate. The development of articulate
speech now in turn became the strongest lever for a further
progressive development of the organism, and above all, of
the brain, and so ape-like men became gradually and slowly
transformed into real men. In this way the actual descent of
the lowest and rudest primitive men from the most highly
developed apes was distinetly maintained by Lamarek, and
supported by a series of the most important proofs.

The honour of being the chief French nature-philosopher is
not usually assigned to Lamarck, but to Etienne Geoffroy St..
Hilaire (the elder), born in 1771, the same in whom Goethe
was especially interested, and with whom we have already
become acquainted as Cuvier's most prominent opponent.
He developed his ideas about the transformation of organie
species as far back as the end of the last century, bub
published them only in the year 1828, and then in the fol-
lowing years, especially in 1830, defended them bravely!
against Cuvier. Geoffroy St. Hilaire in all essentials:
adopted Lamarck’s Theory of Descent, yet he believed that
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occasion Cuvier remained the acknowledged victor, and
since that time very little, or rather nothing, more has been
done in France to further the development of the Doctrine
of Filiation, and complete the monistic theory of development.
This is evidently to be aseribed principally to the repressive
influence exercised by Cuvier'’s great authority. Even at
the present day the majority of the French naturalists are
the disciples and blind followers of Cuvier. In no civilized
country of Europe has Darwin’s doctrine had so little effect
and been so little understood as in France, so that in the
further course of our examination we need not take the
French naturalists into consideration. At most, there are
two distinguished botanists, among the recent French
naturalists, whom we may mention as having ventured
to express themselves in favour of the mutability and
transformation of species. These two men are Naudin
(1852) and Lecoq (1854). '
Having discussed the early services of German and
French nature-philosophy in establishing the doctrine of
descent, we turn to the third great country of Europe, to
free England, which during the last ten years has become
the chief seat and starting-point for the further working out
and definite establishment of the theory of development.
Englishmen, who now take such an active part in every
great scientific progress of humanity, and are the first to
promote the eternal truths of natural science, at the
beginning of the century took but little part in the conti-
nental nature-philosophy and its most important progress,
the Theory of Descent. Almost the only earlier English
naturalist whom we have here to mention is Erasmus
Darwin, the grandfather of the reformer of the Theory of
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All the naturalists and philosophers with whom we have
become acquainted in this brief historical survey, as men
adopting the Theory of Development, merely arrived at the
conception that all the different species of animals and
plants which at any time have lived, and still live, upon
the earth, are the gradually changed and transformed de-
scendants of one or some few original and very simple
prototypes, which latter arose out of inorganic matter by
spontaneous generation.  But none of them succeeded in
placing this fundamental element of the dectrine of descent
in relation with some cause, nor in satisfactorily explaining
the transformation of organic species by the true demonstra-
tion of its mechanical antecedents. Charles Darwin was
the first who solved this most difficult problem, and this
forms the broad gulf which separates him from his pre-
decessors.

The special merit of Charles Darwin is, in my opinion,
twofold: in the first place, the doctrine of descent, the
fundamental idea of which was already clearly expressed by
Goethe and Lamarck, has been developed by him much
more comprehensively, has been traced much more minutely
in all directions, and carried out much more strictly and
connectedly than by any of his predecessors; and secondly,
he has established a new theory, which reveals to us the
natural causes of organic development, the acting causes
(cause efficientes) of organic form-production, and of the
changes and transformations of animal and vegetable species.
This is the theory which we call the Theory of Selection, or
more accurately, the Theory of Natural Selection (selectio

naturalis).
When we reflect that (with the few exceptions above men-
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the hot contest for truth the name of Darwin is the watch-
word to the advocates of the natural theory of development,
his merits are inaccurately appreciated on both sides, for
some persons overestimate them as mueh as others under-
estimate them.

His merit is overestimated when he is regarded as the
founder of the Theory of Descent, or of the whole of the
Theory of Development. We have seen from the historical
sketch in this and the preceding chapters, that the Theory of
Development, as such, is not new; all philosophers who have
refused to be led captive by the blind dogma of a super-
natural creation, have been compelled to assume a natura
development. But the Theory of Descent constituting the
specially biological part of the universal Theory of Develop-
ment, had already been so clearly expressed by Lamarck,
- and carried out so fully by him to its most important con
~sequences, that we must honour him as the real founder of
it. Hence it is only the Theory of Selection, and not that
of Descent, which may be called Darwinism ; but this is
in itself of so much importance, that its value can scarcely
be overestimated.

Darwin’s merit is naturally underestimated by all his
opponents. But it is scarcely possible in this matter to
point to scientific opponents, who are entitled by profound
biological culture to pronounce an opinion. For among all
the works opposed to Darwin and the Theory of Descent yet:
published, with the exception of that of Agassiz, not one
deserves consideration, much less refutation; all have so
evidently been written either without thorough knowledge
of biological facts, or without a clear philosophical under-
standing of the question in hand. We need not trouble 1
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embr}rnlutry and pa,laeantnlog}r in "I:th doctrine nf ..-;

The.nr}r of Descent.

In my General Morphology, especially in the sixth book
(in the General Phylogeny), I have minutely refuted Agassiz
“HEssay on Classification” in all essential points. '
twenty-fourth chapter I have devoted to a very detailed ang
strictly scientific discussion of that section which Agassi
himself considers the most important (the groups or cate
gories of systematic zoology and botany), and have shows
that this part of his work is purely chimerical, without

substantial against it. He fights not with arguments,
with phrases. However, such opposition will not dela;
the complete victory of the Theory of Development, but
only accelerate it.
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enlarged, and improved edition of the organic population had
appeared. Although the number of these editions of creation
was altogether problematical, and in truth could not be fixed
at all, and although the numerous advances which, during
this time, were made in all the departments of zoology and
botany demonstrated more and more that Cuvier’s hypo-
thesis was unfounded and untenable, and that Lamarck’s
natural theory of development was nearer the truth, yet the
former maintained its authority almost universally among
biologists. This must, above all, be ascribed to the venera-
tion which Cuvier had acquired, and strikingly illustrates
how injurious to the progress of humanity a faith in
any definite authority may become. Authority, as Goethe
once admirably said, perpetuates the individual, which
as an individual should pass away, rejects and allows to
pass that which should be held fast, and is the main
obstacle to the advance of humanity.

It is only by having regard to the great weight of Cuvier’s
authority, and to the mighty potency of human indolence,
which is with difficulty induced to depart from the broad :
and comfortable way of everyday conceptions, and to enter
upon new paths not yet made easy, that we can comprehend 1
how it is that Lamarck’s Theory of Descent did not gain its
due recognition until 1859, after Darwin had given it a new
foundation. The soil had long been prepared for it by the
works of Charles Lyell, another English naturalist, whose
views are of great importance for the natural history of
creation, and must accordingly here be briefly explained.

In 1830 Charles Lyell published, under the title of
“ Principles of Geology,” a work in which he thoroughly
reformed the science of Geology and the history of the earth’s
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broken crust. Lyell, on the other hand, showed that we can
explain the formation of such enormous chains of mountains
quite naturally by the same slow and imperceptible risings and
depressions of the earth’s surface which are still continually
taking place, and the causes of which are by no means
miraculous. Although these depressions and risings may
perhaps amount only to a few inches, or at most a few feet,
in the course of a century; still, in the course of some
millions of years they are perfectly suflicient to raise up the
highest chains of mountains, without the aid of mysterious
and incomprehensible revolutions. In like manner, the
meteorological action of the atmosphere, the influence of rain
and snow, and, lastly, the breakers on the coasts, which by
themselves seem to produce an insignificant effect, must cause.
the greatest changes if we only allow sufficiently long
periods for their action. The multiplication of the smallest
causes produces the greatest effects. Drops of water produce
a cavity in a rock.
I shall afterwards be obliged again to recur to the im-
measurable length of geological periods which are necessary
for this purpose, for, as we shall see, Darwin’s theory, as
well as that of Lyell, renders the assumption of immense =
periods absolutely necessary. If the earth and its organisms
have actually developed in a natural way, this slow and =
gradual development must certainly have taken a length of =
time which surpasses our powers of comprehension. But as:
many men see in this very circumstance one of the principal
difficulties in the way of those theories of development, I beg
leave here to remark that we have not a single rational
ground for conceiving the time requisite to be limited in any
way. Not only many ordinary persons, but even eminent
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the voleanic fluid of the interior of earth. Lyell thus demon-
strated a continuous and uninterrupted connection of the
whole history of the earth, and he proved it so irrefutably,
and established so convincingly the supremacy of the “ex-
isting causes,” that is, of the causes which are still active
in the transformation of the earth’s crust, that Geology in
a short time completely renounced Cuvier's hypothesis.

Now, it is remarkable that Palxontology, the science of
petrifactions, so far as it was pursued by botanists and zoolo-
gists, remained apparently unaffected by this great progress
in geology. Biology still econtinued to assume repeated ney
creations of the whole animal and vegetable kingdoms, at
the beginning of every new period of the earth’s history
although this hypothesis of individual ereations, shoved into
the world one after the other, without the assumption of
Cuvier's cataclysms, became pure nonsense, and lost its
foundation. It is evidently perfectly absurd to assume a
_distinet new creation of the whole world of animals and
plants at definite epochs, without the ecrust of the earth
itself experiencing any considerable general revolution.
And although this conception is most closely connected

‘the latter had been completely destroyed and abandoned.

It was reserved for the great English naturalist, Charles
‘Darwin, to remove this contradiction, and to show that the
‘organic beings of the earth have a history as continuous and
connected as the inorganic crust of the earth; that animals
and plants have arisen from one another by as gradual &
transmutation as that by which the varying forms of the

‘earth’s crust, the forms of the continents, and of the seas .
" gurrounding and separating them, have arisen out of earlier
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Robert Darwin was born at Shrewsbury, on the Scvern,
on the 12th of February, 1809 ; therefore, at present he is
sixty-three years old. In his seventeenth year (1823) Le
entered the University of Edinburgh, and two years later
Christ’s College, Cambridge. When scarcely twenty-two
years old, in 1831, he was invited to take part in a
scientific expedition which was sent out by England,
in order to survey accurately the southernmost point of
South America, and to examine several parts of the
South Seas. This expedition, like many other voyages of:
inquiry fitted out in a praiseworthy manner by England,
had secientific objects, and at the same tine was intended
to solve practical problems relating to navigation. The
vessel, commanded by Captain Fitzroy, appropriately bore
the symbolic name of the Beagle. The voyage of the
Beagle, which lasted five years, was of the highest im-
portance to the full development of Darwin’s genius; for
in the very first year, when he set his foot on the soil
of South America, the outline of the doctrine of descent
dawned upon him. Darwin himself has described this
voyage in a work which is written in a very attractive
style, and the perusal of which I strongly recommend to
the reader. This book of travel, which lies far above the
usual average in interest, not only shows in a very charming
manner Darwin’s amiable character, but we can in man
ways recognize the various steps by which he arrived at his
conceptions. The result of the voyage was, first, a large
seientific work, the zoological and geological portion of
which belong in a great measure to Darwin; and secondly,
a celebrated work by him alone on Coral Reefs, which in
itself would have sufficed to secure to him a lasting reputa-
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trate his attention upon the great problem to which his
mind had been turned during his voyage in the Beagle. In
order to show what kind of observations during the voyage
principally gave rise to the fundamental idea of the Theory
of Selection, and in what manner he afterwards worked
it out, I shall insert here a passage from a letter which he
addressed to me on the 8th of October, 1864

Letter from Clarles Davwin fo Hacckel, 8th October, 1864.

“In South America three classes of facts were brought
strongly before my mind.  Firstly, the manner in which
closely allied species replace species in going southward.
Secondly, the close affinity of the species inhabiting the
islands near South America to those proper to the con-
tinent. This struck me profoundly, especially the differ-
ence of the species in the adjoining islets in the Galopagos
Archipelago., Tlirdly, the relation of the living Edentata
and Rodentia to the extinet speeies. I shall never forget
my astonishment when I dug out a gigantic piece of armour
like that of the living armadillo.

“Reflecting on these facts, and collecting analogous ones, it
seemed to me probable that allied species were descended
from & common parent. But for some years I could not
conceive how each form became so excellently adapted to
its habits of life. I then began systematically to study
domestic productions, and after a time saw clearly that
man’s selective power was the most important agent. I was
prepared, from having studied the habits of animals, to ap-
preciate the struggle for existence, and my work in geology
gave me some idea of the lapse of past time. Therefore, -
when I happened to read “ Malthus-on Population,” the idea
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plants, he had arrived at exactly the same general views
regarding the origin of organic species as Darwin. Lyell
and Hooker, both of whom had long known Darwin’s
work, now induced him to publish a short extract from his
manuseripts simultaneously with the manuseript sent him
by Wallace. They appeared in the Journal of the Linnean
Society, August, 1858,

Darwin’s great work “On the Origin of Species,” in
which the Theory of Selection is carried out in detail, ap-
peared in November, 1859. Darwin himself, however,
characterizes this book (of which a fifth edition appeared
in 1869, and the German translation by Bronn as early as
1860)* as only a preliminary extract from a larger and
more detailed work, which is to contain a mass of facts in
favour of his theory, and comprehensive and experimental
proofs. The first part of the larger work promised by
Darwin appeared in 1868, under the title, “The Variations
of Animals and Plants in the State of Domestication,” and
has been translated into German by Victor Carus* It con-
tains a rich abundance of the most valuable evidence as
to the extraordinary changes of organic forms which man
can produce by cultivation and artificial selection. How-
ever much we are indebted to Darwin for this abundance of
convincing facts, still we do not by any means share the
opinion of those naturalists who hold that the Theory of
Selection requires for its actual proof these further details,
1t is our opinion that Darwin’s first work, which appeared
in 1859, already contains sufficient proof. The unassailable
strength of his theory does not lie in the immense amount
of individual facts that may be adduced as proofs, but in
the harmonious conneetion of all the greatand general phe-
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are so extremely inconvenient to the dogmatic conception
of the permanence of species, naturalists to a great extent
intentionally did not concern themselves about them, and
even celebrated naturalists have often expressed the opinion
that cultivated organisms, domesticated animals and garden
plants, are artificial productions of man, and that their
formation and transformation could not decide anything
about the nature of species and about the origin of the
forms of species that live in a natural state. |

This perverse view went so far that, for example, Andreas.
Wagner, a zoologist of Munich, quite seriously made the
following ridiculous assertion:—*“ Animals and plants in
their wild state have been called into being by the Creator
as distinctly different and unchangeable species ; but in the.
case of domestic animals and cultivated plants this was not
necessary, because he formed them from the beginning for the
use of man. The Creator formed man out of a clod of earth,
breathed the living breath into his nostrils, and then created-
for him the different useful domestic animals and garden
plants, among which he thought well to save himself the
trouble of distinguishing species.”” Unfortunately, Andreas
Wagner does not tell us whether the Tree of Knowledge
in Paradise was a “good” wild species, or, as a cultivated
plant, “no species” at all. As the Tree of Knowledge was
placed by the Creator in the centre of Paradise, we might
be inclined to believe that it was a highly favoured culti-
vated plant, and therefore no species at all. But since, on
the other hand; the fruit of the Tree of Knowledge was
forbidden to man, and since many men, as Wagner himself
clearly shows, have never eaten of the fruit, it was
evidently not created for the use of man, and therefore in
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and varieties), is of the utmost importance to the theory of
selection. 'What is most surprising in such a comparison is
the remarkably short time in which man can produce a
new form, and the high degree in which this form, pro-
duced by man, can deviate from the original form. While
wild animals and plants, one year after another, appear
to the zoologist and botanist approximately in the same
form, so as to have given rise to the false doctrine of the
constancy of species, domestic animals and garden plants,
~on the other hand, display the greatest changes within a
tew years. The perfection which gardeners and farmers
have attained in the art of selection now enables them, in
the space of a few years, arbitrarily to create entirely new
animal and vegetable forms. For this purpose it is only
necessary to keep and propagate the organism under the
influence of special conditions—which are capable of pro-
ducing new formations —and even at the end of a few
generations new species may be obtained, which differ from
the original form in a much higher degree than so-called
good species in a wild state differ from one another.  This
fact is extremely important, and we cannot lay sufficient
stress upon it. The assertion is not true that cultivated
forms descended from one and the same primary form do
not differ from one another as much as wild animal and
vegetable species differ among themselves. If we only make
comparisons, without prejudice, we can very easily perceive
that a number of races or varieties which have been derived
from a single cultivated form, within a short series of years,
differ from onc another in a higher degree than so-called
good species (bonz species), or even different genera of one
family, in the wild state.
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known fan-tailed pigeon, which spreads its tail like the pea~
cock, and carries a number of (from thirty to forly) feathers
placed in the form of radii, while other pigeons possess
much fewer tail feathers—generally twelve. We may here
mention that the number of feathers on the tails of birds is
considered by naturalists of great value as a systematic dis-
tinction, so that whole orders can thereby be distinguished.
For example, singing birds, almost without exception, possess
twelve tail feathers; chirping birds (Strisores) ten, ete,
Several races of pigeons, moreover, are characterized by a
tuft of neck feathers, which form a kind of periwig ; others:
by grotesque transformation of their beaks and feet, by pecu-
liar and often very remarkable decorations, as, for example,
skinny lappets, which develop on the head; by a large
crop, which is formed by the gullet being strongly inclined
forward, ete. Remarkable, also, are the strange habits whick
many pigeons have acquired ; for example, the turtle pigeons
and the trumpeters with their musical accomplishments, the
carriers with their topographical instinct. The tumblers
have the strange habit of ascending into the air in great
numbers, then turning over and falling down through the
air as if dead. The ways and habits of these endless races
of pigeons—the form, size, and colour of the individual parts
of their bodies, and their proportions, differ in a most
astonishing degree from one another ; in a much higher de-
aree than is the case with the so-called good species, or even
with the perfectly distinet genera, of wild pigeons. And
what is of the greatest importance, is the fact that these
differences are not confined to the external form, but extend
even to the most important internal parts ; there even oceur
great modifications of the skeleton and of the muscular
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an entirely distinet “good species,” but even as species of
~entirely different genera of the Leporid family. Not only
does the colour, length of hair, and other qualities of the fur.
of the different tame races of rabbits vary exceedingly, and
form extremely broad contrasts, but, what is still more im-
portant, the typical form of the skeleton and its individual
parts do so also, especially the form of the skull and the
jaw (which is of such importance in systematic arrange-
ment) ; further, the relative proportion of the length of the
ears, legs, ete. In all these respects the races of tame rabbits
avowedly differ from one another far more than all the dif-
ferent forms of wild rabbits and hares which are scattered
over all the earth, and are the recognized “good species” o
the genus Lepus. And yet, in the face of these clear facts, the
opponents of the theory of development maintain that the
wild species are not descended from a common prototype,
although they at once admit it in the case of the tame
races. With opponents who so intentionally close their
eyes against the clear light of truth, no further dispute ca
be carried on.

While in this manner it appears certain that the domestie
races of pigeons, of tame rabbits, of horses, ete., notwith-
standing the remarkable difference of their varieties, a
descended in each ‘ecase from but one wild, so-called
“gpecies ” ; yet, on the other hand, it is certainly probable
that the great variety of races of some of the domestic ani-
mals, especially dogs, pigs, and oxen, must be ascribed t
the existence of several wild prototypes, which have become
mixed. It is, however, to be observed that the number of
these originally wild primary species is always mue]L
smaller than that of the cultivated forms proceeding from

i
»
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exists this difference, that the former are capable of pro-
ducing fruitful bastards, but that the latter are not. Two
different cultivated races, or wild warictics of one species,
are said in all cases to possess the power of producing
bastards which can fruitfully mix with one another, or
with one of their parent forms, and thus propagate them-
selves ; on the other hand, two really different species, two
cultivated or wild species of one genus, are said never to be
able to produce from one another bastards which can be
fruitfully erossed with one another, or with one of their
parent species.

As regards the first of these assertions, it is simply re-
futed by the fact that there are organisms which do mot
mix at all with their own ancestors, and therefore can
produce mo fruitful descendants. Thus, for example, our
cultivated guinea-pig does not hear with its wild Brazilian
ancestor ; and again, the domestic eat of Paraguay, which is
descended from our European domestie cat, no longer bears
with the latter. Between different races of our domestic
dogs, for example, between the large Newfoundland dogs
and the dwarfed lap-dogs, breeding is impossible, even for
simple mechanical reasons. A particularly interesting in
stance is afforded by the Porto-Santo rabbit (Lepus Hux-
leyi). In the year 1419, a few rabbits, born on b
ship of a tame Spanish rabbit, were put on the island o
Porto Santo, near Madeira. These little animals, there
being no beasts of prey, in a short time increased so en
mously that they became a pest to the country, and even
compelled a colony to remove from the island. They still
inhabit the island in great numbers; but in the course of
four hundred and fifty years they have developed into a quite
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genuine species. Although on the whole it is more like its
mother (rabbit), still in the formation of the ears and of the
hind-legs, it possesses distinct qualities of its father (hare).
Its flesh has an excellent taste, rather resembling that of a
hare, though the colour is more like that of a rabbit. But
the hare (Lepus timidus) and the rabbit (Lepus cuniculus)
are two species of the genus Lepus, so different that no
systematic zoologist will recognize them as varieties of one
species. Both species, moreover, live in such different ways,
and in their wild state entertain so great an aversion
towards one another, that they do not pair so long as they
are left free. If, however, the newly-born young ones of
both species are brought up together, this aversion is not
developed ; they pair with one another and produce the
Lepus Darwinii.

Another remarkable instance of the crossing of different
species (where the two species belong even to different
genera !) is furnished by the fruitful hybrids of sheep and
goats which have for a long time been bred in Chili for in-
dustrial purposes. On what unessential circumstances in
the sexual mingling the fertility of the different species
depend, is shown by the fact that he-goats and sheep in
their mingling produce fruitful hybrids, while the ram and
she-goat pair very rarely, and then without result. The
phenomena of hybridism to which undue importance has
been erroneously attributed are thus utterly unmeaning, so
far as the idea of species is concerned. The breeding of
hybrids does not enable us, any more than other phenomena,
thoroughly to distinguish cultivated races from wild species ;
and this circumstance is of the greatest importance in the
Theory of Selection.

|
i
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honour of its eminent founder, and with full justice, be called
Lesmarelism, if the merit of having carried out such a
principle is to be linked to the name of a single distinguished
naturalist, On the other hand, the Theory of Sclection, or
breeding, might be justly called Darwinism, being that poi*—
tion of the Theory of Development which shows us in what
way and why the different species of organisms have de-
veloped from those simplest primary forms. (Gen. Morph. ii
166).

It is true we find the first trace of an idea of natural
selection even forty years before the appearance of Darwin’s
work. For in the year 1818 there was published a paper “On
a woman of the white race whose skin partly resembled that
of a negro,” which had been read before the Royal Society
as early as 1813. Its author, Dr. W. C. Wells, states that
negroes and mulattoes are distinguished from the white race
by their immunity from certain tropical diseases. On this
occasion he remarks that all animals have a tendency to
change up to a certain degree, and that farmers, by availing
themselves of this tendency, and also by selection, improve
their domestic animals ; and then he adds, that what is done
in this latter case “by art, seems to be done with equal
efficiency, though more slowly, by nature, in the formation
of varieties of mankind fitted for the country which they
inhabit. Of the accidental varieties of man which would
occur among the first few and scattered inhabitants of the
middle regions of Africa, some one would be better fitted than
the others to bear the diseases of the country. This race
would consequently multiply, while the others would de-
crease ; not only from their inability to sustain the attacks |
of disease, but from their incapacity of contending with
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rests essentially (as has already been intimated in the last
chapter) upon the comparison of those means which man
employs in the breeding of domestic animals and the culti-
vation of garden plants, with those processes which in
free nature, outside the cultivated state, lead to the coming
into existence of new species and new genera. We must
therefore, in order to understand the latter processes,
first turn to the artificial breeding by man, as was, in fact,
done by Darwin himself. We must inguire into the results
to which man attains by his artificial breeding, and what
means are applied in order to obtain those results; and we
must then ask ourselves, “ Are there in nature similar forces
and causes acting similarly to those resorted to by man ?”
First, in regard to artificial breeding, we start from the
fact last discussed above, viz. that its products in some
cases differ from one another much more than the produc-
tions of natural breeding. It is a fact that races or varieties
often differ from one another in a much greater degree and
in much more important qualities than many so-called
species, or “ good species,”—nay, sometimes even more than
so-called “good genera” in their natural state. Compare,
for example, the different kinds of apples which the art
of horticulture has derived from one and the same
original apple-form, or compare the different races of horses
which their breeders have derived from one and the same
original form of horse, and it will be easily observed that
the differences of the most different forms are extremely
important, and much more important than the so-called
« specific differences,” which are referred to by zoologists and
botanists when comparing wild forms for the purpose of

distinguishing several so-called “ good species.”
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The farmer wishing to breed a special race of animals, for
example, a kind of sheep distinguished by particularly fine:
wool, proceeds in the same manner. The only pmcesﬁ
applied in the improvement of wool consists in this, that the
farmer with the greatest care and perseverance selects from
a whole flock of sheep those individuals which have the
finest wool. These only are used in breeding, and among
the descendants of these selected sheep, those again are
chosen which have the finest wool, ete. If this care
selection is carried on through a series of generations, the
selected breeding-sheep are in the end distinguished by a
wool which differs very strikingly from the wool of the
original parent, and this is exactly the advantage whick
the breeder desired.

The differences of the individuals that come into considera
tion in this artificial selection are very slicht. An ordinary
unpractised man is unable to discover the exceedingly
minute differences of individuals which a practised breeder
perceives at the first glance. The business of a breeder is
not easy; it requires an exceedingly sharp eye, great
patience, and an extremely careful manner of treating the
organisms to be bred. In each individual generation, the
differences of individuals are perhaps not seen at all by the
uninitiated ; but by the accumulation of these minute
differences during a series of generations, the deviation from
the original form becomes in the end very great. It becomes
so great that the artificially produced form may in the end
differ far more from the original form than do two so= =
called “good species” in their natural state. The art = !
breeding has now made such progress, that man can often at |
discretion produce certain peculiarities in cultivated species =

s 5
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propagation and nutrition. These two fundamental quali-
ties are tramsmissivity, or the capability of transmitting by
imheritance, and mutability, or the capability of adaptation
The breeder starts from the fact that all the individuals of
one and the same species are different, though in a ver
slight degree, a fact which is as true of organisms in a wild
as in a cultivated state. If you look about you in a fores
consisting of only a single species of tree, for example @
beech, you will certainly not find in the whole forest tw
trees of this kind which are absolutely identical or perfectly
equal in the form of their branches, the number of thei
branches and leaves, blossoms and fruits. Special differences
occur everywhere, just as in the case of men. There ang
no two men who are absolutely identical, perfectly equal if
size, in the formation of their faces, the number of thek
hairs, their temperament, character, ete. The very same i
true of individuals of all the different species of animals
plants. It is true that in most organisms the differences ar
very t-rlﬂlng to the eye of the ummt]a.ted. Ever

discovering these often very minute differences of form. |
shepherd, for example, knows every individual of his flock
solely by accurately observing their features, while the
uninitiated are incapable of distinguishing at all the different
individuals of one and the same flock. This fact of the
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to endeavour to hold fast and develop the modified forms by
Inheritance. He starts from the universal fact that childrer
resemble their parents, that “the apple does not fall fax
from the tree.” This phenomenon of Inheritance has hithert
been scientifically examined only to a very small extent
which may partly arise from the fact that the phenomenog
is of such everyday occurrence. Every one considers i
quite natural that every species should produce its like
that a horse should not suddenly produce a goose, or a goose
a frog. We are accustomed to look upon these everyday
occurrences of Imheritance as self-evident. But this phe
nomenon is not so simply self-evident as it appears a
first sight, and in the examination of Inheritance the fact i§
very irequently overlooked that the different descendants
derived from one and the same parents, are in reality
quite identical, and also never absolutely like the parents
but are always slightly different. We cannot formulate th
principle of Inheritance, as “Like produces like,” but we
must limit the expression to “Similar things produc
similar things.” The gardener, as well as the farmel
avails himself of the fact of Inheritance in its widest
form, and indeed with special regard to the fact that not
only those qualities of organisms are transmitted by
inheritance which they have inherited from their parents
but those also which they themselves have acquired. This
is an important point upon which very much depends. An
organism can transmit to its descendants not only th 8
qualities of form, colour, and size which it has inheritet
from its parents, but it can also transmit changes of th
qualities, which it has acquired during its own life through
the influence of outward cireumstances, such as chmarbg

nourishment, training, etc,

1
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conditions of life. The external influences of the latter are
communicated to the individual parts of the body by the
molecular processes of nutrition. In every act of Adaptation
the individual molecular motion of the protoplasm, peculiar
to each part, disturbs and modifies the whole individual, or.
part of it, by mechanical, physical, or chemical influences.
The innate, inherited vital actions of the protoplasm—that is,
the molecular phenomena of motion of the smallest albu-
minous particles—are therefore more or less modified by it.
The phenomenon of Adaptation, or transmutation, depends
therefore upon the material influence which the organism
experiences from its surroundings, or its conditions of
existence; while the transmission by Inheritance is due
to the partial identity of the producing and produced
organism. These are the real, simple, mechanical founda-
tions of the artificial process of breeding.

Now Darwin asked himself, Does there exist a similar
process of selection in nature, and are there forces in nature
which take the place of man’s activity in artificial selection 2
Is there a natural tendency among wild animals and plants
which acts selectingly, in a similar manner to the artificia
selection practised by the designing will of man ?
here depended upon the discovery of such a relation, s
Darwin succeeded in this so satisfactorily, that we con- =
sider his theory of selection completely sufficient to '
explain, mechanically, the origin of the wild species of
animals and plants. That relation which in free
nature influences the forms of animals and plants, "
selecting and transforming them, is called by Darmn f

the 3 Sﬁmggle for Hxistence.” !
« Struggle for Existence” has rapidly become a
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germs, come into life, and prupa,gaiﬂe themselves. By far
the greater number of germs perish in the earliest stage of
life, and it is only some favoured organisms which manage to
develop, and actually survive the first period of early youth,
and finally succeed in propagating themselves. This import-
ant fact is easily proved by a comparison of the number of
eggs in a given species with the number of individuals which
exist of this species. These numerical relations show the
most striking contrast. There are, for example, species of
fowls which lay great numbers of eggs, and yet are among
the rarest of birds; and the bird which is said to be the
commonest (the most widely spread) of all, the stormy petrel
(Procellaria glacialis), lays only a single ega.  The relation
is the same in other animals. There are many very rare
invertebrate animals, which lay immense quantities of eggs ;
and others again which produce only very few eggs, and yet
are among the commonest of animals. Take, for example,
the proportion which is observed among the human tape-
worms. Each tape-worm produces within a short period
millions of eggs, while man, in whom these tape-worms are
lodged, forms a far smaller number of eggs, and yet for-
tunately there are fewer tape-worms than human beings.
In like manner, among plants there are many splendid
orchids, which produce thousands of seeds and yet are very
rare, and some kinds of asters (Compositae), which have but =
few seeds, are exceedingly common. |

This important fact might be illustrated by an immense
number of examples, It is evidently, therefore, not th@
number of actually existing germs which indicates the num-
ber of individuals which afterwards come into life and
maintain themselves in life; but rather the case is this,
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requires for fixing its root, a competition for sunlight and
moisture. And in the ssme manner we find that, among all
animal species, all the individuals of one and the same species
compete with one another to obtain these indispensable
means of life, or the conditions of existence in the wide
sense of the word. They are equally indispensable to all,
but really fall to the lot of only a few—* Many are called,
but few are chosen.” The fact of the great competition is
quite universal. You need only to cast a glance at human
society, where this competition exists everywhere, and in
all the different branches of human activity. Here, too,
g struggle is brought about by the free competition of the
different labourers of one and the same class. Here. too,
as everywhere, this competition benefits the thing, or the
work, which is the object of competition. The greater and
more general the competition, the more quickly improve
ments and inventions are made in the branch of labour, and
the higher is the grade of perfection of the labourers thems-
selves. |

The position of the different individuals in this struggle
for life i1s evidently very unequal. Starting from the
inequality of individuals, which is a recognized fact, we
must in all cases necessarily suppose that all the individuals
of one and the same species do not have equally favourable
prospects. Even at the beginning they are differently placed
in this competition by their different strengths and abilities,
independently of the fact that the conditions of existence
are different, and act differently at every point of the earth’s =
surface. We evidenﬂy have an infinite combination of 1 e |
fluences, which, together with the original inequality of t |
individuals during the competition for the conditions of
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their thick and strong hairs than the individuals of the first
generation. If this process is continued for several genera-
tions in one and the same locality, there will arise at last
such an increase of this characteristic, such an increase of
the hairs on the surface of the leaf, that an entirely new
species seems to present itself. It must here be observed,
that in consequence of the interactions of all the parts of
every organism, generally one individual part cannot be
changed without at the same time producing changes in other
parts. If, for instance, in our imaginary example, the number
of the hairs on the leaves is greatly increased, a certain
amount of nourishment is thereby withdrawn from other
parts; the material which might be employed to form
flowers or seeds is diminished, and a smaller size of the
flower or seed will then be the direct or indirect consequence
of the struggle for life, which in the first place only pre-
duced a change in the leaves. Thus the struggle for life, in
this instance, acts as a means of selecting and transtorming.
The struggle of the different individuals to obtain the

~ necessary conditions of existenece, or, taking it in its widest
* sense, the inter-relations of organisms to the whole of their

surroundings, produce mutations of form such as are pro-
duced in the cultivated state by the action of man’s selection.

This agency will perhaps appear at first sight small and
insignificant, and the reader will not be inclined to concede
to the action of such relations the weight which it in reality
possesses, I must therefore find space in a subsequent
chapter to put forward further examples of the immense
and far-reaching power of transformation exhibited in
natural selection. For the present I will confine myself to
simply placing side by side the two processes of artificial







163 THE HISTORY OF CREATION.

viduals will propagate themselves by the side of the former.
Moreover, man can prevent the crossing of the original and
the new form, which in natural selection is often unavoidable,
If such a crossing, that is, a sexual connection, of the new
variety with the original forms takes place, the offspring
thereby produced generally returns to the original character.
In natural selection, such a crossing can be avoided only
when the new variety by migration separates from the origi-
nal and isolates itself.

Natural selection therefore acts much more slowly; it
requires much longer periods than the artificial process of
selection. But it is an essential consequence of this differ-
ence, that the product of artificial selection disappears much
more easily, and that the new form returns rapidly to the
earlier one, which is not the case in natural selection. The
new species arising from natural selection maintain them-
selves much more permanently, and return much less easily
to the original form, than is the case with products of artifi-
cial selection, and accordingly maintain themselves during a
much longer time than the artificial races produced by man.
But these are only subordinate differences, which are ex-
plained by the different conditions of natural and artificial
selection, and in reality are connected only with differences
in the duration of time. The nature of the transformation
and the means by which it is produced are entirely the
same in both artificial and natural selection. (Gen. Morph.
il 248).

The thoughtless and narrow-minded opponents of Darwin
are never tired of asserting that his theory of selection is
a groundless conjecture, or at least an hypothesis which has
yet to be proved. That this assertion is completely un-
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theory, or is not sufficiently acquainted with the biological
facts—has not the requisite amount of experimental know-
ledge in Anthropology, Zoology, and Botany.

If, as we maintain, natural selection is the great active
cause which has produced the whole wonderful variety of
organic life on the earth, all the interesting phenomena of
haviman life must also be explicable from the same cause.
For man is after all only a most highly-developed vertebrate
animal, and all aspects of human life have their parallels, or,
more correctly, their lower stages of development in the
_animal kingdom. The whole history of nations, or what is
called “ Universal History,” must therefore be explicable by
means of “natural selection,”—must be a physico-chemical
process, depending upon the interaction of Adaptation and
Inheritance in the struggle for life. And this is actually
the case. We shall give further proofs of this later on.

It appears of interest here to remark that not only
natural selection, but also artificial selection exercises its
influence in many ways in universal history. A remark-
able instance of artificial selection in man, on a greab
scale, is furnished by the ancient Spartans, among whom,
in obedience to a special law, all newly-born -children
were subject to a careful examination and selection. All
those that were weak, sickly, or affected with any bodily
infirmity, were killed. Only the perfectly healthy and strong
children were allowed to live, and they alone afterwards pro-
pagated the race. By this means, the Spartan race was not
only continually preserved in excellent strength and vigour,
but the perfection of their bodies increased with every
generation. No doubt the Spartans owed their rare degree
of masculine strength and rough heroie valour (for which
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order to increase the standing army as much as possible, all
healthy and strong young men are annually selected by a
strict . system of recruiting. The stronger, healthier, and
more spirited a youth is, the greater is his prospect of being
killed by needle-guns, cannons, and other similar instru-
ments of civilization. All youths that are unhealthy, weak,
or affected with infirmities, on the other hand, are spared by
the “military selection,” and remain at home during the
war, marry, and propagate themselves. The more useless,
the weaker, or infirmer the youth is, the greater is his pros-
pect of escaping the recruiting officer, and of founding a
family. While the healthy flower of youth dies on the
battle-ficld, the feeble remainder enjoy the satisfaction of
reproduction and of transmitting all their weaknesses and
infirmities to their descendants. According to the Jaws of
transmission by inheritance, there must necessarily follow in
- each succeeding generation, not only a further extension,
but also a more deeply-seated development of weakness of
body, and what is inseparable from it, a condition of mental
weakness also. This and other forms of artificial selection
practised in our civilized states sufficiently explain the sad
fact that, in reality, weakness of the body and weakness of
character are on the perpetual increase among civilized
nations, and that, together with strong, healthy bodies, free.
and independent spirits are becoming more and more scarce.
To the increasing enervation of modern eivilized nations,
which is the necessary consequence of military selection,
there is further added another evil. The progress of modern
medical science, although still little able really to cure
diseases, yet possesses and practises more than it used to
do the art of prolonging life during lingering, chronic
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by a careful rooting out of weeds, light, air, and ground is
gained for good and useful plants, in like manner, by the
indiseriminate destruction of all incorrigible eriminals, not
only would the struggle for life among the better portion of
mankind be made easier, but also an advantageous artificial
process of selection would be set in practice, since the possi-
bility of transmitting their injurious qualities by inheritance
would be taken from those degenerate outcasts.

Against the injurious influence of artificial military and
medical selection, we fortunately have a salutary counter-
poise, in the invincible and much more powerful influence
of natural selection, which prevails everywhere. For in
the life of man, as well as in that of animals and plants, this
influence is the most important transforming principle, and
the strongest lever for progress and amelioration.  The
result of the struggle for life is that, in the long run, that
which is better, because more perfect, conquers that which
is weaker and imperfect. 1In human life, however, this
struggle for life will ever become more and more of an
intellectual struggle, not a struggle with weapons of murder.
The organ which, above all others, in man becomes more
perfect by the ennobling influence of natural selection, is
the brain. The man with the most perfect understanding,
not the man with the best revolver, will in the long run be
vietorious ; he will transmit to his descendants the qualities
of the brain which assisted him in the vietory. Thus then
we may justly hope, in spite of all the efforts of retrograde
forces, that the progress of mankind towards freedom, and
thus to the utmost perfection, will, by the happy influence
of natural selection, become more and more certain.
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and which may be traced to other processes of life—the
functions of propagation and nutrition. All the different
forms of organisms, which people are usually inclined to
look upon as the products of a ereative power, acting for a
definite purpose, we, according to the Theory of Selection,
can conceive as the necessary productions of natural selee-
tion, working without a purpose,—as the unconscious inter-
action between the two properties of Mutability and
Hereditivity. Considering the importance which accordingly
belongs to these vital properties of organisms, we must
examine them a little more closely, and employ a chapter
with the consideration of Transmission by Inheritance.
(Gen. Morph. ii. 170-191). _

Strictly speaking, we must distinguish between Heredi-
tivity (Transmissivity) and Inheritance (Transmission).
Hereditivity is the power of transmission, the capability of
organisms ‘to transfer their peculiarities to their descendants
by propagation. Transmission by Inheritanece, or Inheritance
simply, on the other hand, denotes the exercise of the
capability, the actual transmission,

Hereditivity and Transmission by Inheritance are such
universal, everyday phenomena, that most people do not
heed them, and but few are inclined to reflect upon the
operation and import of these phenomena of life. It is
generally thought quite natural and self-evident that every
organism should produce its like, and that children should
more or less resemble their parents. Heredity is usually
only taken notice of and discussed in cases relating
to some special peculiarity, which appears for the first
time in a human individual without having been inherited,
and then is transmitted to his descendants. It shows
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and toes, four children may have a mixed number, and two
children may have the usual number of five on both hands
and feet, In a Spanish family, each child except the
youngest had the number six on both hands and feet; the
youngest, only, had the usual number on both hands and feet,
and the six-fingered father of the child refused to recognize
the last one as his own. .

The power of inheritance, moreover, shows itself very
strikingly in the formation and colour of the human skin
and hair. It is well known how exactly the nature of the
complexion in many families—for instance, a peculiar soft
or rough skin, a peculiar luxuriance of the hair, a peculiar
colour and largeness of the eyes—is tramsmitted through
many generations. In like manmer, peculiar local growths
or spots on the skin, the so-called moles, freckles, and other
accumulations of pigment which appear in certain places, are
frequently transmitted through several generations so
exactly, that in the descendants they appear on the same
spots on which they existed in the parents. The porcupine
men of the Lambert family, who lived in London last een-
tury, are especially celebrated. Edward Lambert, born in
1717, was remarkable for a most unusual and monstrous
formation of the skin. His whole body was covered with a ’
horny substance, about an inch thick, which rose in thﬁ-;
form of numerous thorn-shaped and scale-like processes,
more than an inch long. This monstrous formation of the
outer skin, or epidermis, was transmitted by Lambert to his
sons and grandsons, but not to his granddaughters, The
transmission in this instance remained in the male line, as
is often the case. In like manmer, an excessive develop- I
ment of fat in certain parts of the body is often transmitted
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When this exceedingly important and undeniable fact is
mentioned, it generally causes great offence, and yet in
reality it is silently and universally acknowledged. For
upon what else do the ideas of “hereditary sin,” “hereditary
wisdom,” and “ hereditary aristocracy,” ete., rest than upon
the conviction that the quality of the human mwind is trans-
mitted by propagation—that is, by a purely material pro-
cess—through the body, from the parents to the descendants?
The recognition of this great importance of transmission by
inheritance is shown in a number of human institutions, as
for example, among many nations in the division into castes,
such as the castes of warriors, castes of priests, and castes of
labourers, ete. It i1s evident that the institution of such
castes originally arose from the notion of the great import-
ance of hereditary distinctions possessed by certain families,
which it was presumed would always be transmitted
by the parents to the children. The institution of an
hereditary aristocracy and an hereditary monarchy is
to be traced to the notion of such a transmission of special
excellencies. However, it is unfortunately not only virtues,
but also vices that are transmitted and accumulated by
inheritance ; and if, in the history of the world, we compare
the different individuals of the different dynasties, we shall
everywhere find a great number of proofs of the transmission |
of qualities by inheritance, but fewer of transmissions of
virtues than of vices. Look only, for example, at the Roman
emperors, at the Julii and the Claudii, or at the Bourbons in
France, Spain, and Italy !

In fact, scarcely anywhere could we find such a number
of striking examples of the remarkable transmission of
bodily and mental features by inheritance, as in the history
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manner talents for special mental activities are transmitted in
many families for generations, as, for instance, talent for
mathematics, poetry, musie, sculpture, the investigation of
nature, philosophy, ete. In the family of Bach there have
been no less than twenty-two eminent musicians. Of course
the transmission of such peculiarities of mind depends upon
the material process of reproduction, as does the transmission
of mental qualities in general. In this case again, the vital
phenomenon, the manifestation of force (as everywhere in
nature), is directly connected with definite relations in the
admixture of the material components of the organism. It
is this definite proportion and molecular motion of matter
which is transmitted by generation.

Now, before we examine the numerous, and in some cases
most interesting and important, laws of transmission by
inheritance, let us make ourselves acquainted with the
actual nature of the process. The phenomena of transmis-
sion by inheritance are generally looked upon as something
quite mysterious, as peculiar processes which cannot be
fathomed by natural science, and the causes and actual
nature of which cannot be understood. It is precisely in
such a case that people very generally assume supernatural
influences. But even in the present state of our physiology
it can be proved with complete certainty that all the
phenomena of inheritance are entirely natural processes,
that they are produced by mechanical causes, and that they
depend on the material phenomena of motion in the bodies
of organisms, which we may consider as a part of the
phenomena, of propagation. All the phenomena of Heredity
and the laws of Transmission by Inheritance can be traced
to the material process of Propagation.
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posed of organs, of various parts, which fit into one another
and work together (as do the different parts of an artificial
machine), in order to produce the action of the whole,
During late years we have become acquainted with Monera,
organisms which are, in faet, not composed of any organs at
all, but consist entirely of shapeless, -simple, homogeneous
matter. The entire body of one of these Monera, during
life, is nothing more than a shapeless, mobile, little Inmp of
mucus or slime, consisting of an albuminous combination
of earbon. Simpler or more imperfect organisms we cannot
possibly conceive.

~ The first complete observations on the natural history
of a Moneron (Protogenes primordialis) were made by me
at Nice, in 1864. Other very remarkable Monera I
examined later (1866) in Lanzarote, one of the Canary
Islands, and in 1867 in the Straits of Gibraltar. The com-
plete history of one of these Monera, the orange-red
Protomyza awrantiaca, is represented in Plate I, and its
explanation is given in the Appendix. I have found
some curious Monera also in the North Sea, off the
Norwegian coast, near Bergen. Cienkowski has deseribed
(1865) an interesting Moneron from fresh waters, under the
name of Vampyrelle. But perhaps the most remarkable of
~all Monera was discovered by Huxley, the celebrated
English zoologist, and called Bathybius Hewekelii* “ Bathy-
bius” means, living in the deep. This wonderful organism
lives in immense depths of the ocean, which are over
12,000—indeed, in some parts 24,000 feet below the surface,
and which have become known to us within the last ten
jrea.rs, through the laborious investigations made by the
English. There, among the numerous Polythalamia and

# See note on page 344,
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dentally come into contact with the Moneron, they remain
hanging to the sticky semi-fluid globule of mucus, and
here create an irritation, which is followed by a strong afflux
of the muecous substante, and, in consequence, they become
finally completely inclosed by it, or are drawn into the
body of the Moneron by displacement of the several albu-
minous particles, and are there digested, being absorbed by
simple diffusion (endosmosis).

Just as simple as the process of nutrition is the propaga-
tion of these primitive creatures, which in reality we can
neither call animals nor plants, All Monera propagate
themselves only in an asexual manner by monogony ; and
in the simplest case, by that kind of monogony which we
place at the head of the different forms of propagation, that
1s, by self-division.  When such a little globule, for example
a Protameeba or a Protogenes, has attained a certain size
by the assimilation of foreign albuminous matter, it falls
into two pieces; a pinching in takes place, contracting the
middle of the globule on all sides, and finally leads to the
separation of the two halves (compare Fig. 1.). Each half

Fic. 1.—Propagation of the simplest organism, a Moneron, by self-division.
A. The entire Moneron, a Protamoeba. B. It falls into two halves by a
contraction in the middle. (. Each of the two halves has separated from
the other, and now represents an independent indiyiduoal.
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minous body, the cell-kernel (nucleus), and an external,
softer albuminous body, the cell-substance or body (proto-
plasma). Besides this, many cells later on form a third
(frequently absent) distinet part, inasmuch as they cover
themselves with a capsule, by exuding an outer pellicle or
cell-membrane (membrana). All other forms of eells, besides
these, are of subordinate importance, and are of no further
mterest to us here.

Every organism composed of many cells was originally a
single cell, and it becomes many-celled owing to the fact
that the original cell propagates itself by self-division, and
that the nmew individual cells originating in this manner
remain together, and by division of labour form a commu-
nity or a state. The forms and vital phenomena of all many-
celled organisms are merely the effect or the expression of all
the forms and vital phenomena of all the individual cells of
which they are composed. The egg, from which most ani-
mals and plants are developed, is a simple cell.

Fic. 2—Propagation of a single-celled organism, Amwmeba sphmrococcns,
by self-division. 4. The enclosed Amaeba, a simple globular cell consisting of
allump of protoplasm (c), which contains a kernel (b) and a kernel speck (a),
and is surronnded by a cell-membrane or capsule. B. The free Ammba, which
has burst and left the cyst or cell.membrane. C. It begins to divide by its
kernel forming two kernels, and by the cell-substance between the two
becoming contracted. D. The division is completed by the cell-substance
likewise falling into two halves (Da and Db),
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The single-celled organisms, that is, those which during
life retain the form of a single cell, for example the Amoeehee,
as a rule propagate themselves in the simplest way by self-
division. This process differs from the previously described
self-division of the Moneron only in the fact that at the
commencement the firmer cell-kernel (nucleus) falls into two
halves, by a pinching in at its middle, The two young ker-
nels separate from each other and act now as two distinet
centres of attraction upon the surrounding softer albu-
minous matter, that is, the cell-substance (protoplasma). By
this process finally the latter also divides into two halves, and
there now exist two new cells, which are like the mother cell.
If the cell was surrounded by a membrane, this either does
not divide at all, as in the case of egg-cleavage (Fig. 3, 4), or it
passively follows the active piﬁching in of the protoplasm ;
or, lastly, every new cell exudes a new membrane for itself.

The non-independent cells which remain united in commu-
nities or states, and thus constitute the body of higher or-
ganisms, are propagated in the same manner as arve inde-
pendent single-celled organisms, for example, Amceba (Fig. 2).
Just as in that case, the cell with which most anmmals
and plants commence their individual existence, namely, the
egg, multiplies itself by simple division. When an ani-
mal, for instance a mammal (Fig. 3, 4), develops out of an

F1e. 3.—Egg of a mammal (a simple cell).
a. The small kernel speck or nucleclus (the so-
called germ-spot of the egg). b. Kernel or
nucleus (the so-called germ-bladder of the egg).
¢. Cell-substance or protoplasm (the so-called
yolk of the egg). d. Cell-capsule or membrane

(membrane of the yolk) of the egg; called in

mammals, on account of its transparency, Mem-
brana pellucida.
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ezg, this process of development always begins by the
simple egg-cell (Fig. 3) forming an accumulation of cells

Fie. 4.—First commencement of the development of a mammal’s egg, the

so-called “cleavage of the egg” (propagation of the egg.cell by repeated
self-division). A. The egg, by the formation of the first furrow, falls into
two cells. . These separate by division into four cells. C. The latter
have divided into eight cells. D. By repeated division a globular accumu-
lation of numerous cells has arisen,

(Fig. 4) by continued self-division, The outer covering, or
ceil membrane, of the globular ege remains undivided. First,
the cell-kernel of the ege (the so-called germinal vesicle)
divides itself into two kernels, then follows the cell-sub-
stance (the yolk of the ege) (Fig. 4 4). In like manner,
the two cells, by continued self-division, separate into four
(Fig. 4 B), these into eight (Fig. 4 (), into sixteen, thirty-
two, ete., and finally there is produced a globular mass of
very numerous little cells (Fig. 4 D). These now, by further
increase and heterogeneous development (division of labour),
oradually build up the compound many-celled organism.
Every one of us, at the commencement of our individual
development, has undergone the very same process as that
represented in Fig. 4. The egg of a mammal—represented
Fig. 3, and its development in Fig. 4—might as well be that
of a man, as of an ape, dog, horse, or any other placimtal

mammal,
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isms composed of many cells. The formation of buds is
universal in the vegetable kingdom, less frequent in the
animal kingdom. However, here also it oceurs in the
tribe of Plant-like Animals, especially among the Coral
Zoophytes, and among the greater portion of the Hydroid
Polyps very frequently, further also. among some worms
(Planarian Worms, Ring-Worms, Moss Animals, Tuni-
cates). Most branching animal-trees or colonies, which are
exceedingly like branching plants, arise like those plants,
by the formation of buds,

Propagation by. the formation of buds (Gemmatio) is
essentially distinguished from propagation by division, in
the fact that the two organisms thus produced by budding
are not of equal age, and therefore at first are not of equal
value, as they are in the case of division. In division
we cannot clearly distinguish either of the two newly
produced individuals as the parental, that is as the producer,
because, in fact, both have an equal share in the composition
of the original parental individual. If, on the other hand,
an organism sends out a bud, then the latter is the child of
the former. The two individuals are of unequal size and of
unequal form. If, for instance, a cell propagates itself by
the formation of buds, we do not see the cell fall into two
equal halves, but there appears at one point of it a protube-
rance, which becomes larger and larger, more or less separates
itself from the parental cell, and then grows independently.
In like manner we observe in the budding of a plant or
animal, that a small local growth arises on a part of the
mature individual, which growth becomes larger and larger,
and likewise more or less separates itself from the parental
organism by an independence in its growth, The bud, after
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forms a transition to sexual reproduction, namely, the
Jormation of germ-cells (Mﬂnnspﬂrngunia,), which is often
briefly called formation of spores (sporogonia). In this case
1t 1s no longer a group of cells, but a single cell, which
separates itself from the surrounding cells in the interior of
~ the producing organism, and which only becomes further
developed after it has come out of its parent. After this
germ-cell, or monospore (or, briefly, spore), has left the
parental individual, it multiplies by division, and thus
forms a many-celled organism, which by growth and
gradual development attains the hereditary qualities of the
parental organism, This oceurs very generally among lower
plants (Cryptogama).

Although the formation of germ-cells very much resembles
the formation of germ buds, it evidently and very essentially
differs from the latter, and also from the other forms of non-
sexual propagation which have previously been mentioned,
by the fact that only a very small portion of the producing
organism takes part in the propagation and, accordingly, in .
the transmission by inheritance. In the case of self-division,
where the whole organism falls into two. halves, in the
formation of buds, where a considerable portion of the whole
body, already more or less developed, separates from the
producing individual, we easily understand that the forms
and vital phenomena should be the same in the producing
and produced organism. It is much more difficult to under-
stand in the formation of germ-buds, and more difficult still
in the formation of germ-cells, how this very small, quite
undeveloped portion of the body, this group of cells, or this :
single cell, not only directly takes with it certain parental
qualities into its independent existence, but also after its
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different generative substances, the male sperm and the
female egg, are either produced by one and the same indi-
vidual hermaphrodite (Hermaphroditismus), or by two
different individuals (sexual separation, Gonochorismus)
(Gen. Morph. ii, 58, 59).;

The simpler and more ancient form of sexual propagation
is through double-sexed individuals (Hermaphroditismus).
It occurs in the great majority of plants, but onlyin a
minority of animals, for example, in the garden snails,
leeches, earth-worms, and many other worms. Every single
individual among hermaphrodites produces within itself
materials of both sexes—eggs and sperm. In most of the
higher plants every blossom contains both the male organ
(stamens and anther) and the female organs (style and
germ). Every garden snail produces in one part of its
sexual gland eggs, and in another part sperm. Many her-
maphrodites can fructify themselves; in others, however,
copulation and reciprocal fructification of both hermaphro-
dites is necessary for causing the dew;e]npment of the eggs.
This latter case is evidently a transition to sexual separa-
tion.

Seazual seporation (Gonochorismus,) which characterizes
the more complicated of the two kinds of sexual reproduc-
tion, has evidently been developed from the condition of
hermaphroditism at a late period of the organic history of
the world. It is at present the universal method of propa- !
gation of the higher animals, and oceurs, on the other hand, =
only in the minority of plants (for example, in many aquatic
plants, eg. Hydrocharis, Vallisneria ; and in trees, eg.
Willows, Poplars). Every organic individual, as a non-
hermaphrodite (Gonochoristus), produces within itself only
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connected. The parthenogenesis of Insects must probably
be regarded as a relapse from the sexual mode of propaga-
tion (possessed by the original parents of the insects) to the
earlier condition of non-sexual propagation. (Gen. Morph.
ii. 86). In any case, however, sexual reproduction, both in
plants.and animals, which seems such a wonderful process,
has only arisen at a later date out of the more ancient
process of non-sexual reproduction. In both cases heredity
is a necessary part of the phenomenon.

In all the different modes of propagation the essential
point of the proeess is invariably a detachment of a portion
of the parental organism possessing the capability of leading
an individual, independent existence. We may, therefore, in
all cases expect, d priori, that the produced individuals—
which are, in fact, as is commonly said, “the flesh and
blood ” of the parents—will receive the vital characteristics
and qualities of form which the parental individuals possess.
It is simply a larger or smaller quantity of the parental
material, in fact of its albuminous protoplasm, or cell-
substance, which passes to the produced individual. But
together with the material, its vital properties—that is, the
molecular motions of the plasma—are transmitted, which
then manifest themselves in its form. Inheritance by sexual
breeding loses very much of the mysterious and wonderful
character which it at first sight possesses for the uninitiated,
if we consider the above-mentioned series of the different

modes of propagation, and their connection one with another. *

It at first appears exceedingly wonderful that in the sexual

propagation of man, and of all higher animals, the small
egg, the minute cell, often invisible to the naked eye, is
able to transfer to the produced organism all the qualities
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accurately, by the individual nature of the sperm as well as
of the egg. There can be no doubt as to the purely
mechanical material nature of this process. But here we
stand full of wonder and astonishment before the infinite
and inconceivable delicacy of this albuminous matter, We
are amazed at the undeniable fact that the simple egg-cell
of the maternal organism, and a single paternal sperm-
thread, transfer the molecular individual vital motion of
these two individuals to the child so accurately, that after-
wards the minutest bodily and mental peculiarities of both
parents reappear in it.

Here we stand before a mechanical phenomenon of
nature of which Virchow, whose genius founded the
“ gellular pathology,” says with full justice: “If the
naturalist cared to follow the custom of historians and
preachers, and to clothe phenomena, which are in their way
unique, with the hollow pomp of ponderous and sounding
words, this would be the opportunity for him ; for we have
now approached one of those great mysteries of animal
nature, which encircle the region of animal life as opposed
to all the rest of che world of phenomena. The question
of the formation of cells, the question of the excitation of
a continuous and equable motion, and, finally, the questions
of the independence of the nervous system and of the soul
—these are the great problems on which the human mind
can measure its strength.” . To comprehend the relation of
the male and female to the egg-cell is almost as much as
to solve all those mysteries. The origin and development
of the egg-cell in the mother’s body, the transmission of
the bodily and mental peculiarities of the father to it by
his seed, touch upon all the questions which the human
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colour of the leaves. Off-shoots from such copper-coloured
trees (for example, the copper beech), which have heen
propagated by cuttings in a non-sexual manner, show the
peculiar colour and nature of the leaves which distinguished
the parental individual, while others reared from seeds of
such a copper-coloured tree return to the green-coloured
condition of leaf.

This difference in inheritance will seem very natural when
we consider that the material connection between the pro-
ducing and produced individuals is much closer and lasts
much longer in non-sexual than in sexual propagation. The
special tendency of the molecular motion of life can there-
fore fix itself much longer and more thoroughly in the filial
organism, and be more strictly transmitted by non-sexual
than by sexual propagation. All these phenomena, con-
sidered in connection, clearly prove that the transmission of
bodily and mental peculiarities is a purely material and
mechanical process. By propagation a greater or lesser
quantity of albuminous particles, and together with them the
individual form of motion inherent in these molecules of
protoplasm, are transmitted from the parental organism to
the offspring. As this form of motion remains continuous,
the more delicate peculiarities inherent in the parental
organism must sooner or later reappear in the filial

organism.
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of attraction and repulsion in the particles or molecules—in
fact, to the motional phenomena of matter,

Now, before we turn our attention to the second function,
the phenomenon of Adaptation or Mutability, which counter-
acts the Transmission by Inheritance, it seems appropriate
first to cast one more glance at the various manifestations of
Heredity, which we may perhaps even now denominate the
“ laws of tramsmission by inheritance” Unfortunately, up
to the present time very little has been done for this most
important subject, either in zoology or in botany, and almost
all we know of the different laws of inheritance is confined
to the experiences of gardeners and farmers. It is not
therefore to be wondered at, that on the whole these exceed-
ingly interesting and important phenomena have not been
investigated with desirable scientific accuracy, or reduced
to the form of scientific laws. Acecordingly, what I shall
relate of the different laws of transmission are only some.
preliminary fragments taken out of the infinitely rich store
which lies open to our inquiry.

We may first divide all the different phenomena of inherit-
ance into two groups, which we may distinguish as the
transmission of inkerited characters, and the transmission of
acquired characters ; and we may call the former the con-
servative transmission, and the latter the progressive trans-
mission by inheritance. This distinetion depends upon the
exceedingly important fact that the individuals of every
species of animals and plants can transmit to their de-
scendants, not only those qualities which they themselves
have inherited from their ancestors, but also the peculiar,
individual qualities which they have acquired during their
own life, The latter are transmitted by progressive, the
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known, occurs also very frequently, though in a less degree,
in human families, Every one of my readers doubtless
knows some members of a family who, in this or that pecu-
liarity, much more resemble the grandfather or grandmother
than the father or mother. Sometimes it lies in bodily
peculiarities, for example, features of face, colour of Ila.u-,
size of body—sometimes in mental qualities, for example,
temperament, energy, understanding—which are trans-
mitted in this manner. This fact may be observed ir
domestic animals as well as in the case of man. Among
the domestic animals most liable to vary—as the dog,
horse, and ox—breeders very frequently find that the pro-
duet by breeding resembles the grandparents far more than
it does its own parental organism. If we express this
general law and the succession of generations by the letters
of the alphabet, then A—C=E, whilst B=D=F, and
S0 On.

This very remarkable fact appears in a more striking
way in the lower animals and plants than in the
higher, and especially in the well-known phenomenon of
alternation of generations (metagenesis). Here we very
frequently find—for example, among the Planarian ‘worms,
sea-squirts or Tunicates, Zoophytes, and also among ferns
and mosses—that the organic individual in the first place
produces, by propagation, a form completely different
from the parental form, and that only the descendants of
this generation, again, become like the first. This
change of generation was discovered by the poet Cha.mis&u
on his voyage round the world in 1819, among the Salpe,
cylindrical tunicates, transparent like glass, which float om
the surface of the sca. Here the larger generation, the in=

alh ;.h‘if
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existed for many generations, but belongs to a generation
which has long since disappearved. One of the most remark-
able instances of this kind is the fact that in some horses
there sometimes appear singular dark stripes, similar to
those of the zebra, quagga, and other wild species of
African horses. Domestic horses of the most different races
and of all colours sometimes show such dark stripes; for ex-
ample, a stripe along the back, a stripe across the shoulders
and the like. The sudden appearance of these stripes can
only be explained by the supposition that it is the effect of
a latent transmission, a relapse into the ancient original
form, which has long since vanished, and was once common
to all species of horses; the original form, undoubtedly, was
originally striped like the zebras, quaggas, ete. In like
manner, certain qualities in other domestic animals some-
times appear quite suddenly, which once marked their
wild ancestors, now long since extinet. In plants, also, such
a relapse can be observed very frequently. All my readers
probably know the wild yellow toad-flax (Linaria vulgaris),
a plant very common in our fields and hedges. Its dragon-
mouthed yellow flower contains two long and two short
stamens. But sometimes there appears a single blossom
(Peloria) which is funnel-shaped, and quite regularly com-
posed of five individual and equal sections, with five corre
sponding stamens. This Peloria can only be explained as &
relapse into the long since extinet and very ancient common
form of all those plants which, like the toad-flax, possess
dragon-mouthed, two-lipped flowers, with two long and two
short stamens. The original form, like the Peloria, pos-
sessed a regular five-spurred blossom, with five equal =
stamens, which only later and by degrees have become
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the female sex is alone distinguished are, for example, the
developed breasts, with the lactatory glands of female mam-
mals and the pouch of the female opossum. The bodily
size, also, and complexion, differs in female animals of many
species from that of the male. All these secondary sexual
qualities, like the sexual organs themselves, are transmitted
by the male organism only to the male, not to the female,
and wvice versd. Contrary facts are rare exceptions to the
rule,

A fourth law of transmission, which has here to be men-
mentioned, in a certain sense contradiets the last, and limits
it, viz. the law of mixed or mutual (amphigonous) framns-
qission. This law tells us that every organic individual
produced in a sexual way receives qualities from both
parents, from the father as well as from the mother. This
fact, that personal qualities of each of the two sexes are
transmitted to both male and female descendants, is very
important. Goethe mentions it of himself, in the beautiful

lines—

¢ Von Vater hab ich die Statur, dea Lebens ernstes Fiithren
VYon Miitterchen die Frohnator und Lust zo fabuliren.”

¢ From my father I have my stature and the serious tenour of my life, j
From my mother a joyous nature and a turn for poetizing.”

This phenomenon, I suppose, is so well-known to all,
that I need not here enter upon it. It is according to the
different portions of their character which father and
mother transmit to their children, that the individual
differences among brothers and sisters are chiefly determined.

The very important and interesting phenomenon of Zy-
bridism also belongs to this law of mixed or amphigonous
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discover those causes, and to trace them to the chemical and
physical properties of matter.

Among the phenomena of conservative transmission, we
must now mention, as the fifth law, the law of abridged or
ssmplified tranmsmission. This law is very important in
regard to embryology or ontogeny, that is in regard to the
history of the development of organic individuals. Onfo-
geny, or the history of the development of individuals, as T
have already mentioned in the first chapter (p. 10), and as I
subsequently shall explain more minutely, is nothing but
a short and quick repetition of Phylogeny dependent on
the laws of transmission and adaptation—that is, a repetition
of the palzontological history of development of the whole
organic tribe, or phylum, to which the organism belongs.
If, for example, we follow the individual development of a
man, an ape, or any other higher mammal within the ma-
ternal body from the ege, we find that the foetus or embryo
arising out of the egg passes through a series of very differ-
ent forms, which on the whole agrees with, or at least runs
parallel to, a series of forms which is presented to us by the
historical chain of ancestors of the higher mammals. Among
these ancestors we may mention certain fishes, amphibians,
marsupials, ete. But the parallelism or agreement of these
two series of development is never quite complete; on the
contrary, in ontogeny there are always gaps and leaps which
indicate the omission of certain stages belonging to the
phylogeny. [ Fritz Miiller, in his excellent work, “ Fiir
Darwin,” ® has clearly shown in the case of the Crus-
tacea, or crabs, that “the historical record preserved in the
- individual history of development is gradually obscured,
in proportion as development takes a more and more direct
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weeping willows, ete. The transmission of acquired diseases,
such as consumption, madness, and albinism, likewise form
very striking examples. Albinoes are those individuals who
are distinguished by the absence of colouring matter, or
pigments, in the skin. They are of frequent occurrence
among men, animals, and plants. In the case of animals of
a definite dark colour, individuals are not unfrequently horn
which are entirely without colour, and in animals possessing
- eyes, this absence of pigment extends even to the eyes, so
that the iris of the eye, which is commonly of a bright or
' intense colour, is colourless, but appears red, on account of
- the blood-vessels being seen through it. Among many
animals, such as rabbits and mice, albinoes with white fur
and red eyes are so much liked that they are propagated in
creat numbers as a special race. This would be impossible
were it not for the law of the transmission of adaptations.
‘Which of the changes acquired by an organism are trans-
mitted to its descendants, and which are not, eannot be
determined & priori, and we are unfortunately not ac-
quaﬁhted with the definite conditions under which the
transmission takes place. We only know in a general way
that certain acquired qualities are much more easily trans-
mitted than others, for example, more easily than the
mutilations caused by accidents. K These latter are generally
not transmitted by inheritance, otherwise the deseendants of
men who have lost their arms or legs would be born without
the corresponding arm or leg; but here, also, exceptions
oceur, and a race of dogs without tails has been produced
by consistently cutting off the tails of both sexes of the dog
during several generations. A few years ago a case occurred
on an estate near Jena, in which by a careless slamming of
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this ram with normally shaped .ewes, he produced a whole
race of sheep, all of which had the qualities of the father,
short and crooked legs and a long body. None of them
could leap across the hedges, and they therefore were much
liked and propagated in Massachusetts.

A second law, which likewise belongs to the series of
progressive transmissions, may be called the law of estab-
lished or habituwal tramsmission. It manifests itself in this,
that qualities acquired by an organism during its individual
life are the more certainly transmitted to its descendants
the longer the causes of that change have been in action,
and that this change becomes the more certainly the pro-
perty of all subsequent generations the longer the cause of
change acts upon these latter also. The quality newly
acquired by adaptation or mutation must be established
or constituted to a certain degree before we can cal-
culate with any probability that it will be transmitted
at all to the descendants. In this respect transmission re-
sembles adaptation. The longer a newly acquired quality
has been trahsmitted by inheritance, the more certainly
will it be preserved in future generations. If, therefore,
for example, a gardener by methodical treatment has pro-
duced a new kind of apple, he may calculate with the
greater certainty upon preserving the desired peculiarity
of this sort the longer he has transmitted the same by
inheritance. The same is clearly shown in the trans-
mission of diseases. The longer consumption or madness
has been hereditary in a family the deeper is the roob of
the evil, and the more probable it is that all succeeding
generations will suffer from it.

We may conelude the consideration of the phenomena of
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closely connected with the last mentioned law, and which
might be called the law of transmission in corre,spnnd'
parts of the body, may also be very distinctly recognized in
pathological cases of inheritance. Large moles, for example,
or accumulations of pigment in several parts of the skin,
tumours also, often appear during many generations, not only.
at the same period of life, but also in the same part of the
skin. Excessive development of fat in certain parts of the
body is likewise transmitted by inheritance. Above all, it
is to be noted that numerous examples of this, as well as of
the preceding law, may be found everywhere in the study of
embryology. Both the law of komoclhronous and homotopie
transmission are fundamental laws of embryology, or
ontogeny. For these laws explain the remarkable fact that
the different successive forms of individual development in
all generations of one and the same species always appear
in the same order of suceession, and that the variations of the
body always take place in the same parts. This apparently
simple and self-evident phenomenon is nevertheless exceed
ingly wonderful and curious; we cannot explain its real
. causes, but may confidently assert that they are due to the
direct transmission of the organic matter from the parental
organism to that of the offspring, as we have seen above in
the case of the process of transmission in general, by a con-
sideration of the details of the various modes of reproduction.
Having thus, then, considered the most important laws of
Inheritance, we now turn to the second series of phenomena 'ﬂ
bearing on natural selection, viz. to those of Adaptation or
Variation. These phenomena, taken as a whole, stand i a =
certain opposition to the phenomena of Inheritance, and the
difficulty which arises in examining them consists mainly
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influences of the surrounding outer world, assumes certain
new peculiarities in its vital activity, composition, and form
which it has not inherited from its parents; these acquired
individual qualities are opposed to those which have been
inherited, or, in other words, those which have been trans-

mitted to it from its parents or ancestors. On the other
hand, we call Adaptability (Adaptabilitas), or Variability

(Variabilitas), the capability inherent in all organisms to

acquire such new qualities under the influence of the outer

£

world. (Gen. Morph. ii. 191.)

The undeniable fact of organic adaptation or variation is

universally known,and ean be observed at every moment in
thousands of phenomena surrounding us. But just because
the phenomena of variation by external influences appear so
self-evident, they have hitherto undergone scarcely any
accurate scientific investigation. To them belong all the
phenomena which we look upon as the results of contracting
and giving up habits, of practice and giving up practices, or
as the results of training, of education, of acclimatization, of
gymnastics, ete. Many permanent variations brought about
by causes producing disease, that is to say, many diseases,
are nothing but dangerous adaptations of the organism to
injurious conditions of life. In the case of cultivated plants
and domestic animals, variation is so striking and powerful
that the breeder of animals and the gardener found their
whole mode of proceeding upon it, or rather upon the inter-
action between these phenomena and those of Inheritance.
Tt is also well known to every one that animals and plants,
in their wild state, are subject to variation. Every syste-
matic treatise on a group of animals or plants, if it were to
be quite complete and exhaustive, ought to mention in every
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direct influence of the nature of the soil and of the

dwelling-place also belong to it; and further, the extremely

important and varied influence which is exercised upon

every animal and every plant by the surrounding organ-

1sms, friends and meighbours, enemies and robbers, para-
sites, etc. All these and many other very important
influences, all of which more or less modify the organism in
1ts material composition, must be taken into consideration
in studying the change of substance which goes on in living

things. Adaptation, accordingly, is the consequence of all

those material variations which are produced in the change

i

!

'

of substance of the organism by the external conditions of

existence, or by the influences of the surrounding external
world.

How wvery much every organism is dependent upon the
whole of its external surroundings, and changed by their
alteration, is, in a general way, well known to every one.
Only think how much the human power of action is de-
~ pendent upon the temperature of the air, or how much the
disposition of our minds depends upon the colour of the sky.
Aceordingly as the sky is cloudless and sunny, or covered
with large heavy clouds, our state of mind is cheerful or dull.
How differently do we feel and think in a forest during a
stormy winter night and during a bright summer day!
All the different moods of our soul depend upon purely
material changes of our brain, upon movements of molecular
plasma, which are started through the medium of the senses
by the different influences of light, warmth, moisture, ete.
«We are a plaything to every pressure of the air.” No less
important and deeply influential are the effects produced
upon our mind and body by the different quality and
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The first series, comprising the phenomena of indirect
(potential) adaptation, has, on the whole, hitherto been
little attended to, and Darwin has the merit of having
directed special attention to this series of changes. Itis some-
what difficult to place this subject clearly before the reader:
L will endeavour to make it clear hereafter by examples. :
Speaking quite generally, indirect or potential adaptation \
consists in the fact that certain changes in the organism

-
effected by the influence of nutrition (in its widest sense) and

of the external conditions of existence in general, show them-
selves not in the individual form of the respective organism, H
but in that of its descendants. Thus, especially in organisms 1
propagating themselves in a sexual way, the reproductive
system, or sexual apparatus, is often influenced by external
causes (which little affect the rest of the organism), tosuch a
degree that its descendants show a complete alteration of
form. This can be seen very strikingly in artificially pro-
duced monstrosities. Monstrosities can be produced by sub-
jecting the parental organism to certain extraordinary con-
ditions of life, and, curiously enough, such an extraordinary
condition of life does not produce a change of the organ-
ism itself, but a change in its descendants. This cannot be
called transmission by inheritance, because it is not a quality
existing in the parental organism that is transmitted by
inheritance. It is, on the contrary, a change affecting the
parental organism, but not perceptible in it, that appears in
the peculiar formation of its descendants. It is only the
impulse to this new formation which is transmitted i::gro-
pagation through the egg of the mother or the sperth of
the father. The new formation exists in the parental
organism only as a possibility (potential) ; in the descend-
ants it becomes a reality (actual).
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that organic individuals experience transformations and
assume forms in consequence of changes of nutrition which

have not operated on them themselves, but upon their

parental organism. The transforming influence of the
external conditions of existence, of climate, of nutrition,

ete., shows its effects here not directly in the transform-
ation of the organism itself, but indirectly in that of its

descendants.. (Gen. Morph. ii. 202.)
As the principal and most universal of the laws of in-

direct variation must be mentioned the law of indi-
vidual adaptation, or the important proposition that all
organic individuals from the commencement of their indi-

vidual existence are unequal, although often very much
alike. As a proof of this proposition, I may at once point
to the fact, that in the human race in general all brothers
and sisters, all children of the same parents, are unequal
from their birth. No one will venture to assert that two
children at their birth arve perfectly alike: that the size of
the individual parts of their bodies, the number of hairs on
their heads, the number of cells composing their outer skins
or epidermis, the number of blood-cells are the same in both
children, or that both children have come into the world
with the same abilities or talents. But what more specially
proves this law of individual difference, is the fact that in
the case of those animals which produce several young ones
at a time—for instance, dogs and cats,—all the young of
each birth differ from one another more or less strikingly
in size and colour of the individual parts of the body, or
in strength, ete. Now this law is universal. All organic
individuals from their beginning are distinguished by cer-
tain, though often extremely minute, diffevences, and the

e
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parvental organism, the egg of the mother or the sperm of

the father.
A third curious manifestation of indirect adaptation may

be termed the law of sexuwal adaptation. Under this name

we Indicate the remarkable fact that certain influences,
which act upon the male organs of propagation only, affect
the structure of the male descendants, and in like manner
other influences, which act upon the female organs of propa-
gation only, manifest their effect only in the change of strue-
ture of the female deseendants. This remarkable pheno-
menon 1is still very obscure, and has not as yet been
investigated, but is probably of great importance in regard
to the origin of “secondary sexual characteristics,” to which
we have already made allusion.

All the phenomena of sexual, monstrous, and individual
adaptation, which we may comprise under the name of the
laws of indirvect or potential adaptation, are as yet very
little known to us in their real nature and in their deeper
causal connection. Only this much we can at present main-
tain with certainty, that numerous and mportant trans-
formations in organic forms owe their existence to this
process. Many and striking variations of form solely de-
pend on causes which at first only affect the nutrition of the

parental organism, and specially its organs of propagation. -
Evidently the relations in which the sexual organs stand to

other parts of the body are of the greatest iinportance. We
shall have more to say of these presently, when we speak of
the law of correlative adaptation. How powerfully the
variations in the conditions of life and nutrition affect the
propagation of organisms is rendered obvious by the re-
markable fact that numerous wild animals which we keep
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because it is the chief and most comprehensive among them.
It may be briefly explained in the following proposition :
“All organic individuals become unequal to one another in
the course of their life by adaptation to different conditions
of life, although the individuals of one and the same species
remain mostly very much alike” A certain inequality of
organic individuals, as we have seen, was already to be
assumed in virtue of the law of individual (indirect) adapt-
ation. But, beyond this, the original inequality of indivi-
duals is afterwards inereased by the fact that every individual,
during its own independent life, subjects and adapts itself
to its own peculiar conditions of existence. All different
individuals of every species, however like they may be in
their first stages of life, become in the further course of
their existence less like to one another. They deviate
from one another in more or less important peculiari-
¢ies, and this is a natural consequence of the different condi-
tions under which the individuals live. There are no two
single individuals of any species which can complete their
life under exactly the same external circumstances. The
vital conditions of nutrition, of moisture, air, light ; further,
the vital conditions of society, the inter-relations with
surrounding individuals of the same or other species, are
different in every individual being; and this difference
first affects the functions, and later changes the form of
every individual organism. If the children of a human
family show, even at the beginning, eertain individual
inequalities which we may consider as the consequence
of individual (indirect) adaptation, they will appear
still more different at a later period of life, when each
child has passed through different experiences, and has
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phenomena, which are usually divided into two quite
distinet groups. Naturalists, as a rule, have distinguished,
first, those wvariations of organisms which are produced
directly by the permanent influence of external conditions
(by the constant action of nutrition, of elimate, of surround-
ings, ete.), and secondly, those variations which arise from
habit and practice, from accustoming themselves to definite
conditions of life, and from the use and non-use of organs.
The latter influences have been set forth especially by
Lamarck as important causes of the change of orgamie
forms, while the former have for a very long time been
recognized as such more generally.

The sharp distinetion usually made between these two

agroups of cumulative adaptation, and which even Darwin
still maintains, disappears as soon as we reflect more
accurately and deeply upon the real nature and causal

foundation of these two, apparently very different, scries
of adaptations. We then arrive at the conviction that in
both cases there are always two different active causes to
be dealt with: on the one hand the external influence or

action of adaptative conditions of life, and on the other

hand the internal reaction of the organism which subjects
and adapts itself to that condition of life.  If cumulative
adaptation is considered from the first point of view alone,
and the transforming actions of the permanent external con-
ditions of life are traced to those conditions solely, then the
principal stress is laid unduly upon the external factor, and

the necessary internal reaction of the organism is not taken

into proper consideration. If, on the other hand, cumulative
adaptation is unjustly regarded solely in relation to its
second factor, and the transforming action of the organism

E
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People who, by means of Banting’s system, at present so
popular, wish to become thin eat only meat and eggs—no
bread, no potatoes. The important variations that can be
produced among cultivated plants, solely by changing the
quantity and quality of nourishment, are well known. The
same plant acquires an altogether different appearance,
according as it is placed in a dry and warm place, exposed
to the sunlight or placed in a cool damp spot in the shade.
Many plants, if transferred to the sea shore, get in a short
space of time thick, fleshy leaves, and the same plants
placed in a particularly dry and hot locality get thin hairy
leaves. All these variations arise directly from the cumu-
lative influence of changed nutrition.

But it is not only the quantity and quality of the articles
of nutrition which affect and powerfully change and trans-
form the organism, but it is affected also by all the other
external conditions of existence, above all by its nearest
organic surroundings, the society of friendly: or hostile
organisms. One and the same kind of tree develops itself
quite differently in an open locality, where it is free on
all sides, and in a forest where it must adapt itself to its
sarroundings, where it is pressed on all sides by its
nearest neighbours, and is forced to shoot upwards. In
the former case, the branches of the tree spread widely out;
in the latter, the trunk extends upwards, and the top of
the tree remains small and contracted. How powerfully
all these circumstances, and how powerfully the hostile or
friendly influence of surrounding organisms, of parasites,
cte., affect every animal and every plant, is so well known,
that it appears superfluous to quote further examples. The
change of form, or transformation which is thereby effected,
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perceive that every apparently free action of the will is
the result of previous ideas, which are based on notions
inherited or otherwise acquired, and are therefore, in the
end, dependent on the laws of Adaptation and Inheritance.
The same also applies to the action of the will in all animals,
As soon as their will i1s considered in connection with their
mode of life, in its relation to the ehanges which the mode
of life is subject to from external conditions, we are at once
convinced that no other view is possible. Hence the changes
of the will which follow the changes of nutrition, and
ﬁ“]ﬂ(:h, in the form of practice, hahit, ete., produce variations
in structure, must be reckoned among the other material
processes of cumulative adaptation.

Whilst an animal’s will is adapting itself to changed
conditions of existence by the acquisition of new habits,
practices, ete., it not unfrequently effects the most remark-
able transformations of the organic form. Numerous
instances of this may be found everywhere in animal life.
Thus, for example, many organs in domestic animals are
suppressed, when in consequence of a changed mode of life
they cease to act. Ducks and fowls in a wild state fly
exceedingly well, but lose this facility more or less in a
cultivated state. They accustom themselves to use their
legs more than their wings, and in consequence the muscles
and skeleton used in flying are essentially changed in their
development and form. Darwin has proved this by a very :
careful comparative measurement and weighing of the
respective parts of the skeleton in the different races of
domestie ducks, which are all deseended from the wild duck
(Anas boschas). The bones of the wings in tame ducks are
weaker, the bones of the legs, on the other hand, are more
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tinual practice. Compare, for example, the arms and legs
of a trained gymmast with those of an immovable book-
WOorm.

How powerfully external influences affect the habits of
animals and their mode of life, and in this way still further
change their forms, is very strikingly shown in many cases
among amphibious animals and reptiles. Our commonest
indigenous snake, the ringed snale, lays eggs which require
three weeks' time to develop. But when it is kept in
captivity, and no sand is strewn in the cage, it does not lay
its eggs, but retains them until the young ones are developed.
The difference between animals producing living offspring
and those laying eggs is here effaced simply by the change
of the ground upon which the animal lives.

The water-salamanders, or tritons, which have been
artificially made to retain their original gills, are extremely
interesting in this respect. The tritons are amphibious |
animals, nearly akin to frogs, and possess, like the latter,
in their youth external organs of respiration—gills—with -
which they, while living in water, breathe the air dissolved
in the water. At a later date a metamorphosis takes place
in tritons, as in frogs. They leave the water, lose their gills,
and accustom themselves to breathe with their lungs. Bub
if they are prevented from doing this by being kept shut up;f
in a tank, they do not lose their gills. The gills remain, and
the water salamander continues through life in that low
stage of development, beyond which its lower relations, the
gilled salamanders, or Sozobranchiata, never pass. The gilled:
calamander attains its full size, its sexual development, and
reproduces itself without losing its gills. '

Cireat interest was caused a short time ago, among
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organism which are directly affected by its influence, but
other parts also not directly affected by it. This is the
consequence of organic solidarity, and especially of the
unity of the nutrition existing among all the parts of
every organism. If, for example, the hairiness of the leaves
increases in a plant by its being transferred to a dry locality,
then this change reacts upon the nutrition of other parts,
and it may result in a shortening of the parts of the stalk,
and produce a more contracted form of the whole plant.
In some races of pigs and .dogs—for example, in the
Turkish dog—which by adaptation to a warmer climate have
more or less lost their hair, the teeth also have degenerated.
‘Whales and Endentata (armadillos), which by their curious
skin-covering are removed from the other mammals, also
show the greatest deviations in the formation of their teeth.
Further, those races of domestic animals (oxen and pigs)
which have acquired short legs have, as a rule, also & short =
and compact head. Among other examples, the races of =
pigeons which have the longest legs are also characterized by
the longest beaks. The same correlation between the length
of the legs and beaks is universal in the order of stilted-birds
(Grallatores), in storks, cranes, snipe, etc. The correlations
which thus exist between different parts of the nrganism; :
are most remarkable, but their real cause is unknown to us.
In general, we can of course say, the changes of nutrition
affecting an individual part must necessarily react on thai?
other parts, because the nutrition of every organism is a
connected, centralized activity. ~ But why just this or that
part should exhibit this or that particular correlation is in
most cases quite unknown to us. We know a great number
of such correlations in nutrition ; they are especially seen in
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The result is an excessive development of fat. The same ig
done to the singers in certain religious corporations. These
unfortunates are eastrated in early youth, in order that they
may retain their high boyish voices. In consequence of this
mutilation of the genitals, the larynx remains in its youth-
ful stage of development. The muscular tissues of the body
remain at the same time weakly developed, while below the
skin an abundance of fat accumulates. But this mutilation
also powerfully reacts upon the development of the nervous
system, the energy of the will, ete, and it is well known that
human castrates, or eunuchs, as well as castrated animals, are
utterly deficient in the special psychical character which
distinguishes the male sex. Man is a man, both in body
and soul, solely through his male generative glands.

These most important and influential correlations between
the sexual organs and the other parts of the body, especially
the brain, are found equally in both sexes. This might be
expected even & priort, because in most animals the two
kinds of organs develop themselves from the same foun-
dation, and at the beginning are not different. - In man, as
in the rest of the vertebrate animals, the male and female
organs in the original state of the germ are entirely the
same, and the differences of the two sexes only gradually
arise in the course of embryonie development (in man, in the
- ninth week of embryonic life), by one and the same gland
developing in the female as the ovary, and in the male as
the testicle. Every change of the female ovary, therefore;
has a no less important reaction upon the whole female
organism than every change of the testicle has upon the male
organism. Virchow has expressed the importance of this
correlation in his admirable essay on “Das Weib und die






246 " THE HISTORY OF CREATION.

The correlative adaptation between the reproductive organs
and the other parts of the body deserves a very special con-
sideration, bhecause it is, above all others, likely to throw
- light upon the obscure and mysterious phenomena of in-
direct or potential adaptation, which have already heen
considered. For just as every change of the sexual organs
powerfully reacts upon the rest of the body, so on the other
hand every important change in another part of the body
must necessarily more or less react on the sexual organs.
This reaction, however, will only become perceptible in the
formation of the offspring which arise out of the changed
generative parts. It is, in fact, precisely those remarkable
and imperceptible changes of the genital system (in them-
selves utterly insignificant changes)—changes of the eggs
and the sperm—brought about by such correlations, which
have the greatest influence upon the formation of the ofi-
spring, and all the phenomena of indirect or potential adapt-
ation previously mentioned may in the end be traced to
correlative adaptation.

A further series of remarkable examples of correlative
adaptation is furnished by the different animals and plants

which become degenerated through parasitic life or para-

sitism. No other change in the mode of life so much ° '
affects the shapes of organisms as the adoption of a =

parasitical life. Plants thereby lose their green leaves; as, =

for instance, our native parasitical plants, Orobanche, La-
threea, Monotropa. Animals which originally have lived -
freely and independently, but afterwards adopt a parasitical
mode of life on other animals or plants, in the first place
cease to use their organs of motion and their organs of
sense. The loss of this activity is succeeded by the loss of
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those of the left arm. Now, as the special use of the right
arm has been adopted and transmitted by inheritance for
thousands of years among Europeans, the stronger shape
and size of the right arm have already become hereditary.
P. Harting, an excellent Dutch naturalist, has shown by
measuring and weighing newly-born children, that even in
them the right arm is more developed than the left.

According to the same law of divergent adaptation, both
eyes also frequently develop differently. If, for example, a
naturalist accustoms himself always to use one eye for the
microscope (it is better to use the left), then that eye will
acquire a power different from that of the other, and this
division of labour is of great advantage. The one eye will
become more short-sighted, and better suited for seeing
things near at hand ; the other eye becomes, on the contrary,
more long-sighted, more acute for looking at an ohjeet in the
distance. If, on the other hand, the naturalist alternately uses
both eyes for the microscope, he will not acquire the short-
sightedness of the one eye and the compensatory degree of
long-sight in the other, which is attained by a wise distribu-
tion of these different functions of sight between the two
eyes. Here then again the function, that is the activity, of
originally equally-formed organs can become divergent by
habit ; the function reacts again upon the form of the organ,
and thus we find, after a long duration of such an influence,
a change in the more delicate parts and the relative growth
of the divergent organs, which in the end becomes apparent
even in their coarser outlines.

Divergent adaptation can very easily be perceived among
plants, especially in creepers. Branches of one and the
same creeping plant, which originally were formed alike,
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There appears indeed to be a limit given to the adapt-
ability of every organism, by the “type” of its tribe or
phylum ; that is, by the essential fundamental qualities
of this tribe, whieh have been inherited from a common
ancestor, and transmitted by conservative inheritance to all
1ts descendants. Thus, for example, no vertebrate animal
can acquire the ventral nerve-chord of articulate animals,
mstead of the characteristic spinal marrow of the vertebrate
animals. However, within this hereditary primary form,
within this inalienable type, the degree of adaptability is
unlimited.  The elasticity and fluidity of the organic
form manifests itself, within the type, freely in ail directions,
and to an unlimited extent. But there are some animals,
as, for example, the parasitically degenerate erabs and
worms, which seem to pass even the limit of type, and
have forfeited all the essential characteristics of their tribe
by an astonishing degree of degeneration. As to the
adaptability of man, itis, as in all other animals, also un-
limited, and sinee it is manifested in him above all other
animals, in the modifications of the brain, there can he
absolutely no limit to the knowledge which man in a
turther progress of mental cultivation may not be able to
exceed. The human mind, according to the law of unlimited
adaptation, enjoys an infinite perspective of becoming ever
more and more perfect.

These remarks are sufficient to show the extent of the
phenomena of Adaptation, and the great importance to
be attached to them. The laws of Adaptation, or the
facts of Variation caused by the influence of external con-
ditions, are just as important as the laws of Inheritance.
All phenomena of Adaptation, in the end, can be traced to







CHAPTER XI.

NATURAL SELECTION BY THE STRUGGLE FOR EXIST-
ENCE. DIVISION OF LABOUR AND PROGRESS.

Interaction of the Two Organic Formative Causes, Inheritance and Adapta-
tion.—Natural and Artificial Selection.—Struggle for Existence, or
Competition for the Necessaries of Life.—Disproportion between the
Number of Possible or Potential, and the Number of Real or Actunal
Individuals.—Complicated Correlations of all Neighbouring Organisms.
—Mode of Action in Natoral Selection.—Homochromie Selection as the
Cause of Sympathetic Colourings.—Sexual Selection as the Caunse of the
Secondary Sexual Characters.—Law of Separation or Division of
Labour (Polymorphism, Differentiation, Divergence of Characters).—
Transition of Varieties into Species,—Idea of Species.—Hybridism.—
Law of Progress or Perfectioning (Progressus, Teleosis).

IN order to arrive at a right understanding of Darwinism,
it is, above all, necessary that the two organic functions
of Inheritance and Adaplation, which we spoke of in
our last chapter, should be more closely examined. If we
do not, on the one hand, examine the purely mechanical
nature of these two physiological activities, and the various
action of their different laws, and if, on the other hand, we
do mnot consider how complicated the interaction of these
different laws of Inheritance and Adaptation must be, we
shall not be able to understand how these two functions, by
themselves, have been able to produce all the variety of
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plants, which obtains at any moment, is simply the
necessary result of the momentary predominance which
either of these two formative powers (or physiological
activities) has acquired over the other.

If we now return to the consideration of the process of
selection or choice, the outlines of which we have already
examined, we shall be in a position to see clearly and dis-
tinctly that both artificial and natural selection rest solely
upon the interaction of these two formative tendencies. If
we carefully watch the proceedings of an artificial selector—
a farmer or a gardener—we find that only these two con-
structive forces are used by him for the production of new
forms. The whole art of artificial selection rests solely upon
a thoughtful and wise application of the laws of Inheritance
and Adaptation, and upon their being applied and regulated
in an artistic and systematic manner. Here the will of man
eonstitutes the selecting force. - g

The case of natural selection is quite similar, for it also
employs merely these two organic constructive forces, these
ingrained physiological properties of Adaptation and Here-
dity, in order to produce the different species. Bubt the
selecting principle or force, which in artificial selection is
represented by the conscious will of man acting for a definite ;
purpose, consists in matural selection of the unconscious |
struggle for existence acting without a definite plan. What
we mean by “struggle for existence” has already been ex-
plained in the seventh chapter. It is the recognition of 3%
this exceedingly important identity which constitutes one
of the greatest of Darwin’s merits. But as this relation is
very frequently imperfectly or falsely understood, it is
necessary to examine it now more closely, and to illustrate

|
a
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predominates, and that every year the struggle for life some-
what alters their relations.

Every single species of animals and plants would have
densely peopled the whole earth’s surface in a short time, if
1t had not had to struggle against a number of enemies and
hostile influences. Even Linnwus calculated that if an
annual plant only produced two seeds (and there is not one
which produces so few), it would have yielded in twenty
years a million of individuals. Darwin has calculated of
elephants, which of all animals seem the slowest to increase,
that in seven hundred and fifty years the descendants of a
single pair would amount to nineteen millions of indi-
viduals; this is supposing that every elephant, during its
period of fertility (from the 30th to the 90th year), pro-
duced only three pairs of young ones, and survived itself
to its hundredth year. In like mammer the increase
of the number of human beings—if calculated on the
average proportion of births to population, and no hin-
drances to the natural increase stood in the way—would be
such as to double the total in twenty-five years. In every
century the total number of men would have increased six-
teen-fold ; whereas we know that the total number of
human beings increases but slowly, and that the increase of
population is very different in different countries. While
European tribes spread over the whole globe, other tribes or
species of men every year draw nearer to their complete
extinction. This is the case especially with the redskins of
Ameriea, and with the copper-coloured natives of Australia.
Even if these races were to propagate more abundantly than
the white Europeans, yet they would sooner or later succumb
to the latter in the struggle for life. But of all human
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actively or passively. Every animal and every plant
struggles directly with a number of enemies, beasts of prey,
parasitic animals, etc. Plants standing together struggle
with one another for the space of ground requisite for their
roots, for the necessary amount of light, air, moisture, ete.
In like-manner, animals living together struggle with one
another for their food, dwelling-place, etc. In this most
active and complicated strugcle, any personal superiority,
however small, any individual advantage, may possibly
decide the issue in favour of the one possessing it. This
privileged individual remains the victor in the struggle, and
propagates itself, while its fellow-competitors perish before
they succeed in propagating themselves, The personal ad-
vantage which gave it the victory is transmitted by inherit-
ance to its descendants, and by a further development may
become so strongly marked as to cause us to consider the
later generations as a new species.

The infinitely complicated correlations which exist be-
tween the organisms of every distriet, and which must be
looked upon as the real conditions of the struggle for
life, are mostly unknown to wus, and are very difficult
to discover. 'We have hitherto been able to trace them
only to a certain point in individual cases, as in the
example given by Darwin of the relations between cats and
red clover in England. The red clover (Trifolium pratense),
which in England is among the best fodder for cattle,
requires the visit of humming-bees in order to attain the
formation of seeds. These inseets, while sucking the honey
from the bottom of the flower, bring the pollen in contact
with the stigma, and thus cause the fructification of the
flower, which never takes place without it. Darwin has
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no wild oxen and horses, as in the neighbouring parts of
South America, both north and south of Paraguay. This
surprising circumstance is explained simply by the fact that
in that country a kind of small fly is very frequent, and is
in the habit of laying its eggs in the navel of newly-born
calves and foals. The newly-born animals die in conse-
quence of this attack, and the small deadly fly is therefore
the cause of oxen and horses never becoming wild in that
district. Supposing that this fly were destroyed by some
insect-eating bird, then these large mammals would grow
wild in Paraguay, as well as in the neighbouring parts of
South America ; and as they would eat a quantity of certain
_ species of plants, the whole flora, and, consequently again,
the whole fauna of the country would become changed. It
is hardly necessary to state, that at the same time the whole
economy, and consequently the character, of the human
population would alter.

Thus the prosperity, nay, even the existence of whole
populations can be indirectly determined by a single small
animal or vegetable form in itself extremely insignificant.
There are small coral islands whose human inhabitants live
almost entirely upon the fruit of a species of palm. The
fructification of this palm is principally effected by insects, =
which carry the pollen from the male to the female palm
trees. The existence of these useful insects is endangered
by insect-eating birds, which in their turn are pursued by
birds of prey. The birds of prey, however, often succumhb
to the attack of a small parasitical mite, which develops itself
in millions in their feathers. This small, dangerous parasite,
again, may be killed by parasitical moulds. Moulds, birds
of prey, and insects would in this case favour the prosperity
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organic self-preservation of which Schiller, the idealist (not
Goethe, the realist !) says:

# Meanwhile, until philosophy
Can keep the world a-going,
Its wheels are made to work
By hunger and by wooing.” #

It is these two powerful fundamental instinets which, by
their varying activity, produce such extraordinary differ-
ences in species through the struggle for life. They are
the foundations of the phenomena of Inheritance and
Adaptation. We have, in fact, traced all phenomena of
Inheritance to propagation, all phenomena of Adaptation to
nutrition, as the two wider classes of material phenomena
to which they belong.

The struggle for life in natural selection acts with as
much selective power as does the will of man in artificial
selection. - The latter, however, acts according to a plan and
- consciously, the former without a plan and unconsciously.
This important difference between artificial and natural
selection deserves especial consideration. For we learn by
it to understand how arrangements serving o purpose
can be produced by mechanical causes acling withowt an
object, as well as by causes acting for an object. The
products of natural selection are arranged even more for a
purpose than the artificial products of man, and yet they
owe their existence not to a creative power acting for a
definite purpose, but to a mechanical relation acting uncon-

% ¢ Finstweilen bis den Bau der Welt
Philosophie znsammenhiilt,
Trhiilt sich ihr Getriebe
Durch Hunger und durch Liebe.
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be able to escape more easily, if their colour is as little
different as possible from that of their surroundings. - If
therefore originally an animal species varied so as to present
cases of all colours, those individuals whose colour most
resembled the surroundings must have been most favoured
in the struggle for life. They remained more unobserved,
maintained and propagated themselves, while those
individuals or varieties differently coloured died out.

I have tried to explain, by the same sympathetic selection
of colour, the wonderful fact that the majority of pelagic
animals—that is, of those which live on the surface of the
open sea—are bluish, or completely colourless and trans-
parent, like glass and water itself Such colourless, glassy
animals are met with in the most different classes. To them
belong, among fish, the Helmicthyide, through whose
erystalline bodies the words of a book can be read; among
the molluses, the finned snails (Heteropods) and sea-butter-
flies, or whales-food (Pteropods); among worms, the Salpz,
Alciope, and Sagitta ; further, a great number of pelagic
crabs (Crustacea), and the greater part of the Meduse
Umbrellejellies, (Discomedusz) ; Comb-jellies, (Ctenophora).
All of these pelagic animals, which float on the surface of
the ocean, are transparent and colourless, like glass and like
the water itself, while their nearest kin live at the bottom of
the ocean, and are coloured and opaque like the inhabitants
of the land. This remarkable fact, like the sympathetic
colouring of the inhabitants of the earth, can be ex-
plained by natural selection. Among the ancestors of the
pelagic glass-like animals which showed a different degree of
colourlessness and transparency, those that were the most
colourless and transparent must have been most favoured
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selection which takes place in the propagation of animals.
In most animals the number of individuals of both sexes is
unequal ; either the number of the female or the number *
of the male individuals is greater, and, as a rule, when
the season of propagation approaches, a struggle takes
place between the rivals for the possession of the animals
of the other sex. Itis well known with what vigour and
vehemence this struggle is fought out among the higher
animals—among mammals and birds—especially among those
of polygamous habits. Among gallinaceous birds, where for
one cock there are several hens, a severe struggle takes place
between the competing cocks for as large a harem as possible.
The same is the case with many ruminating animals.
Among stags and deer, for instance, at the period of rut,
deadly strugeles take place between the males for the
possession of the females. The secondary sexual character
which here distinguishes the males—the antlers of stags
and deer—not possessed by the female, is, according to
Darwin, the consequence of that struggle. Here the motive
and cause determining the struggle is not, as in the case of
the strugele for individual existence, self-preservation, but
the preservation of the species—propagation. There are
numerous passive weapons of defence, as well as active
weapons for attack. The lion’s mane, not possessed by the
female, is evidently such a weapon of defence; it is an
excellent means of protection against the bites which the
male lions try to inflict on each other’s necks when fighting
for the females ; consequently those males with the strongest
manes have the greatest advantage in the sexual struggle.
The dewlap of the ox and the comb of the cock are similar
defensive weapons. Active weapons of attack, on the other
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melodious to us, but which please the female grasshoppers
so much that they choose the male who fiddles the best.

Among other insects and birds it is not song or, in fact,
any musical accomplishment, but finery or beauty of the
one sex which attracts the other. Thus we find that, among
most gallinaceous birds, the cocks are distinguished by combs
on their heads, or by a beautiful tail, which they can spread
out like a fan; as for example, in the case of the peacock
and turkey-cock. The magnificent tail of the bird of para-
dise is also an exclusive ornament of the male sex. In like
manner, among very many other birds and very many
insects, principally among butterflies, the males are dis-
tinguished from the females by special colours or other
decorations. These are evidently the results of sexual
selection. As the females do not possess these attractions
and decorations, we must come to the conclusion that they
have been acquired by degrees by the males in the competi-
tion for the females, which takes its origin in the selective
diserimination of the females.

We may easily picture to ourselves, in detail, the ap-
plication of this interesting conclusion to the human com-
munity. Here, also, the same causes have evidently in-
fluenced the development of the secondary sexual characters.
The characteristics distinguishing the man, as well as those
distinguishing the woman, owe their origin, certainly for the
most part, to the sexual selection of the other-sex. In an-
tiquity and in the Middle Ages, especially in the romantie
age of chivalry, it was the bodily struggles to the death—the
tournaments and duels—which determined the choice of the
bride ; the strongest carried home the bride. In more recent
times, however, in our so-called “ polished ” or “highly civil-
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perfecting. When the phenomena due to these two laws

first became known, through observation of the historical de-
velopment, the individual development, and the comparative
anatomy of animals and plants, naturalists were inclined to
trace them to a direct creative influence. It was supposed to
be part of the plan of the Creator, acting for a definite purpose,
in the course of time to develop the forms of animals and
plants more and more variously, and to hring them more and
more to a state of perfection. We shall evidently make a great
advance in the knowledge of nature if we reject thisteleological
and anthropomorphic conception, and if we can prove the two
laws of Division of Labour and Perfecting to be the necessary
consequences of natural selection in the struggle for life.

The first great law which follows directly and of necessity
from natural selection, is that of separation, or differentic-
tion, which is frequently called division of labour, or polu-
morphism, and which Darwin speaks of as divergence of
character. (Gen. Morph. ii. 249). We understand by it the
general tendency of all organic individuals to develop them-
selves more and more diversely, and to deviate from the
common primary type. The cause of this general inclination
towards differentiation and the formation of heterogeneous
forms from homogeneous beginnings is, according to Darwin,
simply to be traced to the circumstance that the struggle for
life between every two organisms rages all the more fiercely
the nearer the relation in which they stand to one another,
or the more nearly alike they are. This is an exceedingly
important, and in reality an exceedingly simple relation,
but it is usually not duly considered.

It must be obvious to every one, that in a field of a
certain size, beside the corn-plants which have been sown, a

.
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of animals and plants are variable, and possess the capability
of adapting themselves to different places or to local rela-
tions. The varieties or races of each species, according to
the laws of adaptation, deviate all the more from the original
primary species, the greater the difference of the new con-
ditions to which they adapt themselves. If we imagine
these varieties—which have proceeded from a common
primary form—to be disposed in the shape of a branching,
radiating bunch, then those varieties will be best able to
exist side by side and propagate which are most distant
from one another, which stand at the ends of the series, or
at the opposite sides of the bunch. Those forms, on the
other hand, oceupying a middle position—presenting a state
of transition—have the most difficult position in the struggle
for life. The necessaries of life differ most in the two ex-
tremes, in the varieties most distant from one another, and
consequently these will get into the least serious conflict
with one another in the general struggle for life. But the
intermediate forms, which have deviated less from the
original primary form, require nearly the same neces-
saries of life as the original form, and therefore, in com-
peting for them, they will have to struggle most with, and be
most seriously threatened by, its members. Consequently.
when numerous varieties of a species live side by side on the
same spot of the earth, the extremes, or those forms deviating
most from one another, can much more easily continue to
exist beside one another than the intermediate forms which
have to struggle with each of the different extremes. The
intermediate forms will not be able to resist, for any lencgth
of time, the hostile influences which the extreme forms
victoriously overcome. These alone maintain and propagate
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whether this or that observed form is a species or a variety,
whether it is a really good or a bad species. The most
general answer to this question used to be the following:
“To one species belong all those individuals which agree in
all essential characteristics. ssential characteristics of
species are those which remain permanent or constant, and
never become modified or vary.” But as soon as a case
occurred in which the characteristic—which had bhitherto
been considered essential—did become modified, then it was
said, “This characteristic is not essential to the species, for
essential characteristics never vary.” Those who argued
thus evidently moved in a circle, and the naiveté with
which this circular method of defining species is laid down
in thousands of books as an unassailable truth, and is still
constantly repeated, is truly astonishing.

All other attempts which have been made to arrive at a
definite and logical determination of the idea of organic
“species ” have, like the last, been utterly futile, and led to
no results. Considering the nature of the case, it cannot be
otherwise. The idea of species is just as truly a relative
one and not absolute, as is the idea of variety, genus family,
order, class, ete. T have proved this in detail in the eriti-
cism of the idea of species in my “General Morphology”
(Gen, Morph. ii. 323-364). I will waste no more time on
this unsatisfactory discussion, and now only add a few
words about the relation of species to hybridism. Formerly
it was regarded as a dogma, that two good species could
never produce hybrids which could reproduce themselves as
such. Those who thus dogmatized almost always appealed
to the hybrids of a horse and donkey, the mule and the
hinny, which, truly enough, are seldom able to reproduce
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tinguish accurately kindred forms as so many “good
species.” However, it has been found scarcely possible, in
any group, to make an accurate and consistent distinction
of such “genuine or good species.” There are no two
zoologists, no two botanists, who agree in all cases as
to which of the nearly related forms of a genus are good
species, and which are not. All authors have different
views about them. In the genus Hieracium, for example,
one of the commonest genera of European plants, no less
than 300 species have been distinguished in Germany alone.
The botanist Fries, however, only admits 106, Koch only 52,
as “good species,” and others accept scarcely 20. The
differences in the species of brambles (Rubus) are equally
areat. Where one botanist makes more than a hundred
species, a second admits only about one half of that number,
a third only five or six, or even fewer species. The birds of
Germany have long been very accurately known. Bechstein, ©
in his careful “ Natural History of German Birds,” has dis- *
tinguished 367 species, L. Reichenbach 879, Meyerand Wolff
406, and Brehm, a clergyman learned in ornithology, dis-
tinguishes even more than 900 different species. '
Thus we see that here, and, in fact, in every other domain
of systematic zoology and botany, the most arbitrary pro
~ ceedings prevail, and, from the nature of the case, must
prevail. Forit is quite impossible accurately to distinguish =
- wvarieties and races from so-called “ good species.,” Varieties
are comvinencing species. 'The variability or adaptability of
species, under the influence of the struggle for life, necessi=
tates the continual and progressive separation or diﬂ'erenti-
tion of varieties, and the perpetual delimitation of new forms
Whenever these are maintained throughout a number of
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remote period in which life on our planet began with the
spontaneous generation of Monera, organisms of all groups,
both collectively as well as individually, have continually
become more perfectly and highly developed. The steadily
increasing variety of living forms has always been accom-
panied by progress in organization. The lower the strata
of the earth in which the remains of extinet animals and
plants lie buried, that is, the older the strata are, the more
simple and imperfect are the forms which they contain. This
applies to organisms collectively, as well as to every single
large or small group of them, setting aside, of course, those
exceptions which are due to the process of degeneration,
which we shall discuss hereafter.

As a confirmation of this law I shall mention only the
most important of all animal groups, the tribe of vertebrate
animals. The oldest fossil remains of vertebrate animals
known to us belong to the lowest class, that of Fishes. Upon
these there followed later more perfeet Amphibious animals,
then Reptiles, and lastly, at a much later period, the most
highly organized classes of vertebrate animals, Birds and
Mammals. Of the latter only the lowest and most imperfect
forms, without placenta, appeared at first, such as are the
pouched animals (Marsupials), and afterwards, at a much
later period, the more perfect mammals, with placenta. Of
these, also, at first only the lower kinds appeared, the higher
forms later ; and not until the late tertiary period did man
gradually develop out of these last.

If we follow the historical development of the vegetable
kingdom we shall find the same law operative there. Of
plants there existed at first only the lowest and most im-
perfect classes, the Algee or tangles. Later there followed
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CHAPTER XIL

LAWS OF DEVELOPMENT OF ORGANIC TRIBESE AND OF
INDIVIDUALS. PHYLOGENY AND ONTOGENY.

Lawe of the Development of Mankind : Differentiation and Perfecting.
—NMechanical Cause of thege two Fundamental Laws.—Progress without
Differentiation, and Differentiation withont Progress.—Origin of
Rudimentary Organs by Non-use and Discontinnance of Habit.—
Ontogenegis, or Individual Development of Organisms.—Its General
Importance.—Ontogeny, or the Individual History of Development of
Vertebrate Animals, inclnding Man.—The Fructification of the Egg.—
Formation of the three Germ Layers.—History of the Development of
the Central Nervous System, of the Extremities, of the Branchial
Arches, and of the Tail of Vertebrate Animals.—Cansal Connection and
Parallelism of Ontogenesis and Phylogenesis, that is of the Development
of Individuals and Tribes.—Caunsal Connection of the Parallelism of
Phylogenesis and of Systematic Development.—Parallelism of the three
Organic Series of Development.

IF man wishes to understand his position in nature, and
to comprehend as natural facts his relations to the
phenomena of the world cognisable by him, it is abso-
lutely necessary that he should compare human with extr
human phenomena, and, above all, with animal phenomena.
We have already secen that the exceedingly importe
physiological laws of Inheritance and Adaptation apply to
the human organism in the same manner as to the animal
and vegetable kingdoms, and in both cases interact with
one another. Consequently, natural selection in the struggle
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The seccond great fundamental law which is obvious in the
history of nations is the great law of progress or perfecting.
Taken as a whole, the history of man is the history of his
progressive development. It is true that everywhere and at
all times we may notice individual retrogressions, or observe
that erooked roads towards progress have been taken, which
lead only towards omne-sided and external perfecting, and
thus deviate more and more from the higher goal of internal
and enduring perfecting. However, on the whole, the
movement of development of all mankind is and remains a
progressive one, inasmuch as man continually removes him-
self further from his ape-like ancestors, and continually
approaches nearer to his own ideal.

Now, if we wish to know what causes actually determine
these two great laws of development in man, namely, the
law of divergence and the law of progress, we must com-
pare them with the corresponding laws of development in
animals, and on a close examination we shall inevitably come
to the conclusion that the phenomena, as well as their causes,
are exactly the same in the two cases. The course of
development in man, just as in that of animals, being
directed by the two fundamental laws of differentiation
and perfecting, is determined solely by purely mechanical
causes, and is solely the necessary consequence of natural
selection in the struggle for life.

Perhaps in the preceding discussion the question has pre-
sented itself to some— Are not these two laws identical?
Ts not progress in all cases necessarily connected with diver-
gence 2”7 This question has often been answered in the
affirmative, and Carl Ernst Bar, for example, one of thel._
greatest investigators in the domain of the history of de-
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whole, are not only very much more differentiated, but in
which the number of corresponding vertebra is also much
smaller. Further, according to the same law of numerical
diminution, flowers with numerous stamens are more
imperfect than the flowers of kindred plants with a smaller
number of stamens, ete. If therefore originally a great
number of homogeneous parts exist in an organic body, and
if, in the course of very many generations, this number be
gradually decreased, this transformation will be an example
of perfecting.

Another law of progress, which is quite independent of
differentiation, nay, even appearsto a certain extent opposed
to it, is the law of centralization. In general the whole
organism is the more perfect the more it is organized as a
unit, the more the parts are subordinate to the whole, and
the more the functions and their organs are centralized. Thus,
for example, the system of blood-vessels is most perfect
where a centralized heart exists. In like manner, the dense
mass of marrow which forms the spinal cord of vertebrate
animals, and the ventral cord of the higher articulated
animals, is more perfect than the decentralized chain of
ganglia of the lower articulated animals, and the scattered
system of ganglia in the molluses. Considering the difficulty
of explaining these complicated laws of progress in detail, I
cannot here enter upon a closer discussion of them, and.
must refer to Bronn’s excellent “ Morphologischen Studien,”
and to my “ General Morphology ” (Gen. Morph. i. 370, 550;
ii, 257-266). \

Just as we have become acquainted with phenomena of
progress, quite independent of divergence, so we shall, on
the other hand, very often meet with divergencies which
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leads to a partial degeneration, and finally even to the loss
of individual organs, is, when looked at by itself, a degenera-
tion, but yet may be advantageous to the organism in the
struggle for life. It is easier to fight when uscless baggage
is thrown aside. Hence we meet everywhere, in the more
highly-developed animal and vegetable bodies, processes “of
divergence, the essence of which is that they cause the
degeneration, and finally the loss, of particular parts. And
at this point the most important and instructive of all the
series of phenomena bearing upon the history of organisms
presents itself to us, namely, that of sudimentary or
degenerate orgams.

It will be remembered that even in my first chapter I
considered this exceedingly remarkable series of phe-
nomena, from a theoretical point of view, as one of the
most important and most striking proofs of the truth
of the doctrine of descent. We designated as rudimentary
organs those parts of the body which are arranged for a
definite purpose and yet are without function. Let me
remind the reader of the eyes of those animals which
live in the dark in caves and underground, and which eon-
sequently never can use them. In these animals we find
real eyes hidden under the skin, frequently developed
exactly as are the eyes of animals which really see;
and yet these eyes never perform any function, indeed
cannot, simply for the reason that they are covered by
an opaque membrane, and consequently mo ray of light
falls upon them (compare above, p. 13). In the ancestors
of these animals, which lived in open daylight, the eyes
were well developed, covered by a transparent horny
capsule (cornea), and actually served the purpose of
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worms (Lampyris), Strepsiptera, ebe. This partial or com-
plete degeneration of the wings of insects has evidently
arisen from natural selection in the struggle for life. For
we find inseets without wings living under circumstances
where flying would be useless, or even decidedly injurious
to them. If, for example, insects living on islands fly about
much, it may easily happen that when flying they are blown
into the sea by the wind, and if (as is always the case)
the power of flying is differently developed in different
individuals, then those which fly badly have an advantage
over those which fly well ; they are less easily blown into
the sea, and remain longer in life than the individuals of the
same species which fly well In the course of many
generations, by the action of natural selection, this eir-
cumstance must necessarily leads to a complete suppression
of the wings. If this conclusion had been arrived at on
purely theoretical grounds, we might be pleased to find its
truth established by facts. For upon isolated islands the
proportion of wingless insects to those possessing wings is
surprisingly large, much larger than among the insects
inhabiting continents. Thus, for example, according to
Wollaston, of the 550 species of beetles which inhabit the
island of Madeira, 220 are wingless, or possess such imperfect
wings that they can no longer fly; and of the 29 genera
which belong to that island exclusively, no less than 23 con-
tain such species only. It is evident that this remarkable
circumstance does mot need to be explained by the special
wisdom of the Creator, but is sufficiently accounted for by
natural selection, because in this case the hereditary disuse
of the wings, the discontinnance of flying in the presence

of dangerous winds, has been very advantageous in the
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struggle for life. In other wingless insects the want of
wings has been advantageous for other reasons, Viewed
by itself, the loss of wings is a degeneration, but in these
special conditions of life it is advantageous to the organism
in the strugele for life.

Among other rudimentary organs I may here, by way of
example, further mention the lungs of serpents and serpent-
like lizards, All vertebrate animals possessing lungs, such
as amphibious animals, reptiles, birds, and mammals, have a,
pair of lungs, a right and a left one. But in cases where the
body is exceedingly thin and elongated, as in serpents and
serpent-like lizards, there is no room for the one lung by the
side of the other, and it is an evident advantage to the
mechanism of respiration if only one lung is developed. A
single large lung here accomplishes more than two small ones
side by side would do ; and consequently, in these animals, we
invariably find only the right or only the left lung fully
developed. The other is completely aborted, although existing
as a useless rudiment. In like manner, in all birds the right;
ovary is aborted and without function; only the left one is
developed, and yields all the eggs.

I mentioned in the first chapter that man also possesses
such useless and superfluous rudimentary organs, and I
specified as such the muscles which move the ears. Another
of them is the rudiment of the tail which man possesses in
his 3—5 tail vertebre, and which, in the humsn embryo,

stands out prominently during the first two months of its
development (compare Plates II. and IIL). It afterwards
becomes completely hidden. The rudimentary little tail of
an is an irrefutable proof of the fact that he is descended
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by one vertebra longer than in man. There still exist
rudimentary muscles in the human tail which fﬂl‘ﬂlﬁl‘]jl' |
moved it,

Another case of human rudimentary organs, only belong-
ing to the male, and which obtains in like manner in all male
mammals, is furnished by the mammary glands on the
breast, which, as a rule, are active only in the female sex.
However, cases of different mammals are known, especially
of men, sheep, and goats, in which the mammary glands
were fully developed in the male sex, and yielded milk
food for their offspring. I have already mentioned befﬂr
(p- 12) that the rudimentary auricular muscles in man can
still be employed to move their ears, by some persons who
have perseveringly practised them. In fact, rudimentary
organs are frequently very differently deve]aped in different
individuals of the same species; in some they are tolerably
large, in others very small. This circumstance is very im-.
portant for their explanation, as is also the other circum=
stance that generally in embryos, or in a very early period
of life, they are much larger and stronger in proportion to
the rest of the body than they are in fully developed and
fully grown organisms. This can, in particular, be easily
pointed out in the rudimentary sexual organs of plants
(stamens and pistil), which I have already mentioned. They §
are proportionately much larger in the young ﬂuwer-hud |
than in the mature flower.

I have remarked (p. 15) that md1mentm'y or suppresseﬁ
organs were the strongest supports of the monistic or
inechanical conception of the universe. If its opponents, the 1§
dualists and teleologists, understood the immense signifi= f
cance of rudimentary organs, it would put them into a state
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of despair. Their ludicrous attempts to explain that rudi-
mentary organs were given to organisms by the Creator “for
the sake of symmetry,” or “as a formal provision,” or “in
consideration of his general plan of creation,” sufficiently
prove the utter impotence of their perverse conception of
the universe, I must here repeat that, even if we knew
absolutely nothing of the other phenomena of development,
we should be obliged to believe in the truth of the Theory of
Descent, solely on the ground of the existence of rudimentary
organs. Not one of its opponents has been able to throw
even a feeble glimmer of an acceptable explanation upon
these exceedingly remarkable and important phenomena.
There is scarcely any highly developed animal or vegetable
form which has not some rudimentary organs, and in most
cases it can be shown that they are the products of natural
selection, and that they have become suppressed by disuse.
It is the reverse of the process of formation in which new
organs arise from adaptation to certain eonditions of life, and
by the use of parts as yet incompletely developed. It is true
our opponents usually maintain that the origin of altogether
new parts i1s completely inexplicable by the Theory of
Descent. However, I distinctly assert that to those who
possess a knowledge of comparative anatomy and physiology

this matter does not present the slightest difficulty. Every

one who is familiar with comparative anatomy and the

history of development will find as little difficulty about

he origin of completely new organs as about the utter disap-

earance of rudimentary organs. The disappearance of the

tter, viewed by itself, is the converse of the origin of the

ormer. Both processes are partlcular phenomena of differ-

iation, which, like all others, can be explained quite
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simply and mechanically by the action of natural selection
in the struggle for life,

The infinitely important study of rudimentary organs and
their origin, the comparison of their palmontological and
embryological development, now naturally leads us to the
consideration of one of the most important and instructive
of all biological phenomena, namely, the parallelism which
the phenomena of progress and divergenece present to us in
three different series. When, in the last chapter, we spoke
of perfecting and division of labour, we understood by
those words progress and separation, and those changes
effected by them, which in the long and slow course of the
earth’s history have led to a continual variation of the
flora and fauna, to the origin of new and to the disappear-
ance of ancient species of animals and plants, Now,
if we follow the origin, the development, and the life
of every single organic individual, we meet with exactly
the same phenomena of progress and differentiation, The =
individual deveiopment, or the onfogenesis of every single =
organism, from the egg to the complete form is nothing
but a growth attended by a series of diverging and pro- =
gressive changes. This applies equally to animals, plants,
and protista. If, for example, we consider the ontogeny:
of any mammal, of man, of an ape, or of a pouched
animal, or if we follow the individual development of an :E
other vertebrate animal of another class, we everywhere
find essentially the same phenomena. Every one of
these animals develops itself originally out of a single cell,
the egg. This cell increases by self-division, and forms
number of cells, and by the growth of this accumulation of
cells, by the divergent development of originally identical
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cells, by the division of labour among them, and by their
perfecting, there arises the perfect organism, the compli-
cated composition of which excites our admiration.

It seems to me here indispensable to draw attention
more closely to those infinitely important and interesting
processes which accompany onfogenesis, or the individual
development of orgamisms, and especially to that of verte-
brate animals, man included. I wish especially to recom-
mend these exceedingly remarkable and instructive phe-
nomena to the reader’'s most careful consideration, first,
because they are among the strongest supports of the Theory
of Descent, and secondly, because, considering their immense
general importance, they have hitherto been properly con-
sidered only by a few privileged persons.

We cannot indeed but be astonished when we consider
. the deep ignorance which still prevails, in the widest circles,
about the facts of the individual development of man and .
organisms in general. These facts, the universal importance
of which cannot be estimated too highly, were established,
in their most important outlines, even more than a hundred
years ago, in 1759, by the great German mnaturalist Caspar
Friedriech Wolff, in his classical “Theoria Generationis.”
But, just as Lamarck’s Theory of Descent, founded in 1809,
lay dormant for half a century, and was only awakened to
new and imperishable life in 1859, by Darwin, in like
manner Wolff’s Theory of Epigenesis remained unknown for
nearly half a century; and it was only after Oken, in 1806,
had published his history of the development of the in-
testinal tube, and after Meckel, in 1812, had translated
Wolff's work (written in Latin) on the same subject into
German, that Wolff's theory of epigenesis became more gener-
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ally known, and formed the foundation of all subsequent
investigations of the history of individual development,
The study of ontogenesis now received a great stimulus, and
soon there appeared the classical investigations of the two
friends, Christian Pander (1817) and Carl Ernst Bir (1819),
Bir, in his remarkable “Entwickelungsgeschichte der
Thiere,”® worked out the ontogeny of vertebrate ani-
mals in all its important facts. He carried out a series of
such excellent observations, and illustrated them by such
profound philosophical reflections, that his work became
the foundation for a thorough understanding of this im-
portant group of animals, to which, of course, man also
belongs. The facts of embryology alone would be suffi-
cient to solve the question of man’s position in nature, which
is the highest of all problems. Look attentively at and
compare the eight figures which are represented on the ad-
. joining Plates IL and IIL, and it will be seen that the
philosophical importance of embryology cannot be too ©
highly estimated.

We may well ask, What do our so-called “educated”
circles, who think so much of the high civilization of the ~
19th century, know of these most important biological facts, ~
of these indispensable foundations for understanding their
own organism ? How much do our speculative philosophers
and theologians know about them, who fancy they can arrive
at an understanding of the human organism by mere guess-
work or divine inspiration ? What indeed do the majority o |
naturalists, not exeepting the majority of the so-called “zool-
ogists * (including the entomologists !), know about them ?

. The answer to this question tells much to the shame of
the persons above indicated, and we must confess, willingly



] .
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As the object of these pages is solely to further the
general knowledge of natural truths, and to spread, in wider
circles, a natural conception of the relations of man to the
rest of nature, I shall be justified if I do not pay any
regard to the widely-spread prejudice in favour of an ex-
ceptional and privileged position for man in creation, and
simply give here the embryological facts from which the
reader will be able to draw conclusions affirming the
groundlessness of those prejudices. I wish all the ‘more
to entreat him to reflect carefully upon these facts of on-
togeny, as it is my firm conviction that a general knowledge
of them can only promote the intellectual advance, and
~ thereby the mental perfecting, of the human race. :

Amidst all the infinitely rich and interesting material
which lies before us in the ontogeny of vertebrate animals,
that is, in the history of their individual development, I shall
here confine myself to showing some of those facts which
are of the greatest importance to the Theory of Descent in
general, as well as in its special application to man. Man
is at the beginning of his individual existence a simple egg,
a single little cell, just the same as every animal organism
which originates by sexual generation. The human egg is
essentially the same as that of all other mammals, and can-
not be distinguished from the egg of the higher mammals.
The ege represented in Fig. 5 might be that of a man or an
ape as well as of a dog,a horse, or any other mammal. Not
only the form and structure, but even the size of the egg in
most mammals is the same as in man, namely, about the
120th part of an inch in diameter, so that the egg under !
favorable circumstances, with the naked eye, can just be
perceived as a small speck. The differences which really
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exist between the eggs of different mammals and that of
man do not consist in the form, but in the chemical mixture,
in the molecular composition of the albuminous combination
of carbon, of which the egg essentially consists. These
minute individual differences of all eggs, which depend upon
indirect or potential adaptation (and especially upon the
law of individual adaptation), are indeed not directly per-
ceptible to the exceedingly imperfect senses of man, but are
cognisable through indirect means, as the primary causes of
the difference of all individuals,

The human egg is, like that of all other mammals, a
small globular bladder, which contains all the constituent
parts of a simple organice cell (Fig. 5). The most essential

_ F16. 5.—The human egg a hundred times en-
larged. a. The kernel speck, or nucleolus (the
so-called germinal spot of the egg). b. Kernel,
or nuclens (the so-called germinal vesicle of the
egg). c. Cell-substance, or protoplasm (so-called
yolk of the egg). d. Cell-membrane (the yolk-
membrane of the egg ;s in mammals, on account
of its transparency, called zona pellucida). The
egzs of other mammals are of the same form.

parts of it are the mucous cell-substance, or the protoplasma
(¢), which in an egg is called the “yolk,” and the cell-kernel,
or nucleus (), surrounded by it, which is here called by the
special name of the “ germinal vesicle.” The latter is a deli-
cate, clear, glassy globule of albumen, of about 1-600th part of
an inch in diameter, and surrounds a still smaller, sharply-
marked, rounded granule (@), the kernel-speck, or the nucle-
olus of the cell (in the egg it is called the “ germinal spot ™).
The outside of the globular egg-cell of & mammal is sur-
rounded by a thick pellucid membrane, the cell-membrane
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or yolk-membrane, which here bears the special name of
zona pellucida (d). The eggs of many lower animals
(for example of many Meduse) differ from this in being
naked cells, as the outer covering, or cell-membrane, is
wanting.

As soon as the egg (ovulum) of the mammal has attained
its full maturity, it leaves the ovary of the female, in which
it originates, and passes into the oviduct, and through this
narrow passage into the wider pouch or womb (uterus). If,
meanwhile, the egg is fructified by the male seed (sperm), it
develops itself in this pouch into an embryo, and does not
leave it until perfectly developed and capable of coming
into the world at birth as a young mammal.

The wvariations of form and transformations which the
fructified ege must go through within the uterus before it
assumes the form of the mammal are exceedingly remark-
able, and proceed from the beginning in man, in precisely
the same way as in the other mammals. At first the fructi-
fied ege of the mammal acts as a single-celled organism,
which is about to propagate independently and increase
itself; for example, an Amceba (compare Fig 2, p. 188).
In point of fact the simple egg-cell becomes two, by the
process of cell-division which I have previously described,
There arise from the single germinal spot (the small kernel-
speck of the original simple egg-cell) two new kernel-specks,
and then in like manner, out of the germinal vesicle (the
nucleus), two new cell-kernels. Then, and not until then,
does the globular protoplasma first separate itself by an
equatorial furrow into two halves, in such a manner that
each half encloses one of the two kernels, together with
its kernel-speck. Thus the simple egg-cell, within the
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original cellular membrane, has become two naked cells,
each possessing its own kernel (Fig. 6).

F16. 6.—First commencement of the development of a mammal's egg, the
go-called “ yolk.cleavage"” (propagation of the egg-cell by repeated self-
division). 4. The egg, by the formation of the first forrow, falls into two
cells, B. These by division fall into four cells. (. These latter have fallen
into eight cells. D). By continued division a globular mass of numerous cells
has arisen.

The same process of cell-division now repeats itself
several times in succession. In this way, from two cells
(Fig. 6 A) there arise four (Fig. 6 B); from four, eight
(Fig. 6 ('); from eight, sixteen; from these, thirty-two, ete.
Each time the division of the kernel-speck precedes that of
the kernel ; this, again, precedes that of the cell-substance, or
protoplasma. As the division of the latter always com-
mences with the formation of a superficial annular furrow,
or cleft, the whole process is usually called the furrowing of
the egq, or yolk-cleavage, and the products of it, that is, the
cells arising from the continued halving, are called the
cleavage spheres. However, the whole process is nothing
more than a simple, oft-repeated division of cells, and the
products of it are actual, naked cells. Finally, through the
continued division or “ furrowing” of the mammal’s egg,
there arises a mulberry-shaped ball, which is composed of a
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great number of small spheres, naked cells, containing
kernels (Fig. 6 D). = These cells are the materials out of
which the body of the young mammal is constructed.
Every one of us has once been such a simple mulberry-
shaped ball, composed only of small equi-formal cells.

The further development of the globular Iump of cells,
which now represents the young body of the mammal, con-
sists first in its changing into a globular bladder, as fluid
accumulates within it. This bladder is called the germ-
bladder (vesicula blastodermica). Its wall is at first com-
posed of merely equi-formal cells. But soon, at one point on
the wall, arises a dise-shaped thickening, as the cells here
increase rapidly, and this thickening is now the foundation
of the actual body of the germ or embryo, while the other
parts of the germ-bladder serve only for its nutrition. The
thickened dise, or foundation of the embryo, soon assumes an
oblong, and then a fiddle-shaped form, in consequence of its
right and left walls becoming convex (Fig. 7, p. 304). At
this stage of development in the first form of their germ or
embryo, not only all mammals, including man, but even all
vertebrate animals in general—birds, reptiles, amphibious
animals, and fishes—can either not be distinguished from
one another at all, or only by very unessential differences,
such as the arrangement of the egg-coverings. In all the
whole body consists of nothing but a quite simple, oblong,
oval, or violin-shaped thin dise, which is composed of three
closely connected membranes or plates, lying one above
another. Each of the three plates or layers of the germ
consists simply of cells all exactly like one another; but
cach layer has a different funetion in the building up of the
vertebrate animal body. Out of the upper or outer germ-
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(for example, an Amceba, or a single-celled plant), could
never perform,

No sensible person supposes that carefully devised insti-
tutions, which have been established for the good of the
whole, as well as for the individual, in every human state,
are the results of the action of a personal and supernatural
Creator, acting for a definite purpose. On the contrary,
every one knows that these useful institutions of organiza-
tion in the state are the consequences of the co-operation of
the individual citizens and their common government, as
well as of adaptation to the conditions of existence of the
outer world. Just in the same way we must judge of the
many-celled organism. In it also all the useful arrangements
are solely the natural and necessary result of the co-operation,
differentiation, and perfecting of the individual ecitizens—
the cells—and by no means the artificial arrangements of a
Creator acting for a definite purpose. If we rightly consider
this comparison, and pursue it further, we can distinctly
see the perversity of that dualistic conception of nature
which discovers the action of a creative plan of construction
in the various adaptations of the organization of living
things.

Let us pursue the individual development of the verte-
brate animal body a few stages further, and see what is next
done by the citizens of this embryonic organism. In the
central line of the violin-shaped dise, which is composed of
the three cellular germ-layers, there arises a straight deli-
cate furrow, the so-called “ primitive streak,” by which the
violin-shaped body is divided into two equal lateral halves—
‘a right and a left part or “ antimer.” On both sides of that
streak or furrow, the upper or external germ-layer rises in
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Fic. 7.—Embryo of a mammal or bird, in
which the five brain-bladders have just com.
B menced to develop. v. Fore brain, z. Twixt brain,
| m. Mid brain. k. Hind brain. =. After brain.
p. Spinal-marrow. a. Eye.bladders. w. Primi.
tive vertebrse, d. Spinal-axis or notochord,

The first bladder, the fore brain (),
is in so far the most important that
it principally forms the hemispheres of
the so-called larger brain (cerebrum),
that part which is the seat of the
higher mental activities, The more

these activities are developed in the
| series of vertebrate animals, the more
do the two lateral halves of the fore
brain, or the hemispheres, grow at the

expense of the other bladders, and
overlap them in front and from above. In man, where they
are most strongly developed, agreeing with his higher men-
tal activity, they eventually almost entirely cover the other
parts from above (compare Plates II, and 1IL) The second
bladder, the twizt brain (z), forms that portion of the
brain which is called the centre of sight, and stands in
the closest relation to the eyes (a), which grow right and
left out of the fore brain in the shape of two bladders, and
later lie at the bottom of the twixt brain. The third bladder,
the mid brain (m), for the most part vanishes in the
formation of the so-called jfousr bulbs, a bossy portion of
the brain, which is strongly developed in reptiles and
birds (Fig. E, F, Plate IL), whereas in mammals it recedes







306 THE HISTORY OF CREATION.

brain of the bird (F') is scarcely distinguishable from that of
the tortoise (£), and in like manner the brain of the dog (&)
is as yet almost the same as that of man (H). If on the
other hand, we compare the brains of these four vertebrate
animals in a fully developed condition, we find them so
very different in all anatomical particulars, that we cannot
doubt for a moment as to which animal each brain belongs.
I have here explained the original equality, the gradual
commencement, and the ever increasing separation or
differentiation of the embryos in the different wvertebrate
animals, taking the brain as a special example, just because
this organ of the soul's activity is of special interest. But I
might as well have discussed in its stead the heart, or the
liver, or the limbs, in short, any other part of the body, since
the same wonder of creation is here ever repeated, namely,
this, that all parts are originally the same in the different
vertebrate animals, and that the variations by which the
different classes, orders, families, genera, ete, differ and
deviate from one another, are only gradually developed.
There are certainly few parts of the body which are so
differently constructed as the limbs or extremities of the
vertebrate animals, Now, I wish the reader to compare in
Fig. A—H on Plates II. and IITL, the four extremities (bv) of
the embryos with one another, and he will scarcely be able
to perceive any important differences between the human
arm (H bv), the wing of a bird (¥ bv), the slim foreleg of a
dog (& bw), and the plump foreleg of the tortoise (& bv). In
comparing the hinder extremities (bA) in these figures he
will find it equally difficult to distinguish the leg of a man
(Hbh), of a bird (F bF), the hind-leg of a dog (G bk), and
that of a tortoise (Ebk). The fore as well as the hinder
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Finally, when comparing the embryos on Plates IT. and 111,
we must not fail to give attention again to the Auman
tail (s), an organ which, in the original condition, man
shares with all other vertebrate animals. The discovery of
tailed men was long anxiously expected by many monistic
philosophers, in order to establish a closer relationship
between man and the other mammals. And in like manner
their dualistic opponents often maintained with pride that
the complete want of a tail formed one of the most important
bodily distinctions between men and animals, though they
did not bear in mind the many tailless animals which really
exist. Now, man in the first months of development pos-
sesses a real tail as well as his nearest kindred, the tailless
apes (orang-outang, chimpanzee, gorilla), and vertebrate
animals in general. But whereas, in most of them—for
example, the dog (€, G)—in the course of development it
always grows longer, in man (Fig. D, H) and in tailless
mammals, at a eertain period of development, it degenerates
and finally completely disappears. However, even in fully
developed men, the remnant of the tail is seen in the three,
four, or five tail vertebrae (vertebre coceygewe) as an
aborted or rudimentary organ, which forms the hinder or
lower end of the vertebral column (p. 289).

Most persons even now refuse to acknowledge the most
important deduction of the Theory of Descent, that is, the
paleontological development of man from ape-like, and
through them from still lower, mammals, and consider such
a transformation of organic form as impossible. But, I
ask, are the phenomena of the individual development of
man, the fundamental features of which I have here given,
in any way less wonderful ? Is it not in the highest.
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by the laavs of imheritance and adaptation ;- by tribe T
mean the ancestors which form the chain of progenitors of
the individual concerned. (Gen. Morph. ii. p. 110-147, 371.)

In this intimate connection of ontogeny and phylogeny, T
see one of the most important and irrefutable proofs of the
Theory of Descent. No one ean explain these phenomena,
unless he has recourse to the laws of Inheritance and
Adaptation ; by these alone are they explicable. These
laws, which we have previously explained, are the laws of
abbreviated, of homoclrowie, and of homotopic inheritamce,
and here deserve renewed consideration. As so high and
complicated an organism as that of man, or the organism of
every other mammal, rises upwards from a simple cellular
state, and as it progresses in its differentiation and per-
fecting it passes through the same series of transform-
ations which its animal progenitors have passed through,
during immense spaces of time, inconceivable ages ago. I
have already pointed out this extremely important parallel-
ism of the development of individuals and tribes (p. 10).
Certain very early and low stages in the development of
man, and the other vertebrate animals in general, correspond
completely in many points of structure with conditions
which last for life in the lower fishes. The next phase
which follows upon this presents us with a change of the
fish-like being into a kind of amphibious animal. At a later
period the mammal, with its special characteristics, de-
velops out of the amphibian, and we can clearly see, in the
successive stages of its later development, a series of steps of
progressive transformation which evidently correspond with
the differences of different mammalian orders and families.
Now, it is precisely in the same succession that we also see
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animals—in the different classes, families, and species of it
—have unequally developed, differentiated, and perfected
themselves. It shows us how far the succession of classes
of vertebrate animals, from the Fishes upwards, through the
Amphibia to the Mammals, and here again, from the
lower to the higher orders of Mammals, forms a progressive
series or ladder. This attempt to establish a connected
anatomical developmental series we may discover in the
works of the great comparative anatomists of all ages—
in the works of Goethe, Meckel, Cuvier, Johannes Miiller,
Gegenbaur, and Huxley.

The developmental series of mature forms, which com-
parative anatomy points out in the different diverging and
ascending steps of the organic system, and which we call
the systematic developmental series, is parallel to the
palseontological developmental series, because it deals with
the result of paleeontolgical development, and it is parallel
to the individual developmental series, because this 1is
parallel to the pal@ontological series. If two parallels are
parallel to a third, they must be parallel to one another.

The varied differentiation, and the unequal degree of per-
fecting which comparative anatomy points out in the
developmental series of the System, is chiefly determined
by the ever increasing variety of conditions of existence to
which the different groups adapt themselves in the struggle
for life, and by the different degrees of rapidity and com-
pleteness with which this adaptation has been effected.
Conservative groups which have retained their inherited
peculiarities most tenaciously remain, in consequence, at the
lowest and rudest stage of development. Those groups pro-
pressing most rapidly and variously, and which have adapted
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If we examine this parallelism of the three organie
series of development more accurately, we have to add
the following special qualifications.  Oufogeny, or the
history of the individual development of every organism
(embryology and metamorphology), presents us with a
simple unbranching or graduated chain of forms; and so it
is with that pertion of phylogeny which comprises the
palaontological history of development of the direct ancestors
only of an individual organism. But the whole of phylogeny
—which meets us in the natural system of every organie
tribe or phylum, and which is conecerned with the investi-
gation of the palwontological development of all +he
branches of this tribe—forms a branching or tree-shaped
developmental series, a veritable pedigree. If we examine
and compare the branches of this pedigree, and place them
together according to the degree of their differentiation and
perfection, we obtain the tree-shaped, branching, systematic
developmental series of comparative anatomy. Strictly
speaking, therefore, the latter is parallel to the whole of
phylogeny, and consequently is ouly partially parallel to
ontogeny ; for ontogeny itself is parallel only to a portion .
of phylogeny.

All the phenomena of organic development above dis-
cussed, especially the threefold genealogical parallelism,,
and the laws of differentiation and progress, which are:
evident in each of these three series of organic development,,
and, further, the whole history of rudimentary organs, are.
exceedingly important proofs of the truth of the Theory of!
Descent. For by it alone can they be explained, whereas
its opponents cannot even offer a shadow of an explanation
of them. Without the Doctrine of Ifiliation, the fact of
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CHAPTER XIII.

THEORY OF THE DEVELOPMENT OF THE UNIVERSE
AND OF THE EARTH. SPONTANEOUS GENERA-
TION. THE CARBON THEORY. THE PLASTID
THEORY.

History of the Development of the Earth.—Kant's Theory of the Develop-
ment of the Universe, or the Cosmological Gas Theory.—Development
of Suns, Planets, and Moons.—First Origin of Water.—Comparison
of Organisms and Anorgana.—Organic and Inorganic Substances.—
Degrees of Density, or Conditions of Aggregation.—Albuminons
Combinations of Carbon.—Organic and Inorganic Forms.—Crystals
and Formless Organisms without Organs.—Stereometrical Fundamental
Forms of Crystals and of Organisms.—Organie and Inorganic Forces.
—Vital Force.—Growth and Adaptation in Crystals and in Organisms,
—Formative Tendencies of Crystals.—Unity of Organic and In-
organic Nature.—Spontaneous Generation, or Archigony.—Autogony
and Plasmogony.—Origin of Monera by Spontaneons Generation.—
Origin of Cells from Monera.—The Cell Theory.—The Plastid Theory.
—Plastids, or Structural-Units.—Cytods and Cells.—Four Different
Kinds of Plastids.

In our considerations hitherto we have endeavoured to
answer the question, “ By what causes have new species of
animals and plants arisen out of existing species?” We
have answered this question according to Darwin’s theory,
that natural selection in the struggle for existence—that is,
the interaction of the laws of Inheritance and Adaptation
—is completely sufficient for producing mechanically the
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for admiring the power and wisdom of the Creator than in
the independent ereation of different species.

If, taking this point of view, we were to explain the
origin of the first terrestrial organisms, from which all the«
others are descended, as due to the action of a personal
Creator acting according to a definite plan, we should of
course have to remounce all scientific knowledge of the
process, and pass from the domain of true science to the
completely distinet domain of poetical faith. By assuming
a supernatural act of creation we should be taking a leap
into the inconceivable. Before we decide upon this latter
step, and thereby renounce all pretension to a scientific
knowledge of the proeess, we are at all events in duty
bound to endeavour to examine it in the light of a mechani-
cal hypothesis. We must at least examine whether this
process is really so wonderful, and whether we cannot form
a tenable eonception of a completely non-miraculous origin
of the first primary organism. We might then be able
entirely to reject miracle in creation.

It will be necessary for this purpose, first of all, to go
back further into the past, and to examine the history of
the creation of the earth. Going back still further, we
shall find it necessary to consider the history of the crea-
tion of the whole universe in its most general outlines.
All my readers undoubtedly know that from the strue-.
ture of the earth, as it is at present known to us, the:
notion has been derived, and as yet has not been refuted,,
that its interior is in a fiery fluid condition, and that the:
firm crust, composed of different strata, on the surface:
of which organisms are living, forms only a very thin
pellicle or shell round the fiery fluid centre. We have:
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a thin erust. That the temperature of the earth in remote
times was much higher than it is now, is proved by
many phenomena. Among other things, this is rendered
probable by the equal distribution of organisms in remote
times of the earth’s history. While at present, as is well
known, the different populations of animals and plants
correspond to the different zones of the earth and their
appropriate temperature, in earlier times this was distinetly
not the case.

We ‘see from the distribution of fossils in the remoter
ages, that it was only at a very late date, in fact, at a com-
paratively recent period of the organic history of the
earth (at the beginning of the so-called ceenolithic or tertiary
period), that a separation of zones and of the corresponding
organic populations occurred. During the immensely long
primary and secondary periods, tropical plants, which
require a very high degree of temperature, lived not only
in the present torrid zone, under the equator, but also in
the present temperate and frigid zones. Many other
phenomena also demonstrate a gradual decrease of the tem-
perature of the globe as a whole, and especially a late and
gradual cooling of the earth’s crust about the poles. Bronn,
in his excellent “ Investigations of the Laws of Development
of the Organic World,” has collected numerous geological and
paleeontological proofs of this fact.

These phenomena and the mathematico-astronomical know-
ledge of the structure of the universe justify the theory that,.
inconceivable ages ago, long before the first existence of
organisms, the whole earth was a fiery fluid globe. Now, this;
theory corresponds with the grand theory of the origin of:
the universe, and especially of our planetary system, which,
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of its rotatory movement, assumed a spheroidal or a flattencd
globular form,

While the eentripetal force attracted the rotating particles
nearer and nearer to the firm central point of the nebulous
ball, and thus condensed the latter more and more, the een-
trifugal force, on the other hand, always tended to separate
the peripheral particles further and further from it, and to
hurl them off. On the equatorial sides of the ball, which
was flattened at both poles, this centrifugal force was
strongest, and as soon as, by increase of density, it attained
predominance over the centripetal foree, a circular nebulous
ring separated itself from the rotating ball. This nebulous
ring marked the course of future planets. The nebulous
mass of the ring gradually condensed, and became a planet,
which revolved round its own axis, and at the same
time rotated round the central body. In precisely the
same manner, from the equator of the planetary mass, as
soon as the centrifugal force gained predominance over
the centripetal force, new nebulous rings were ejected,
which moved round the planets as the latter moved round
the sun. These nebulous rings, too, became condensed into
rotating balls. Thus arose the moons, only one of which
moves round our earth, whilst four move round Jupiter, and
six round Uranus. The ring of Saturn still shows us a moon.
in its early stage of development. As by increasing refrigera-
tion these simple processes of condensation and expulsion
repeated themselves over and over again, there -arose the:

| different solar systems, the planets rotating round their:
central suns, and the satellites or moons moving round their:
planets.

The original gaseous condition of the rotating bodies of
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way as Lamarck’s Theory of Descent does in Biology, and
especially in Amnthropology. Both rest exclusively upon
mechanical or unconscious causes (cause efficientes), in no
case upon prearranged or consclous causes (causa finales).
(Compare above, p. 100-106). Both therefore fulfil all the
demands of a scientific theory, and consequently will remain
generally acknowledged until they are replaced by better
ones.

I will, however, not deny that Kant's grand cosmogeny
has some wealk points, which prevent our placing the same
unconditional confidence in it as in Lamarck’s Theory of
Descent. The motion of an original gaseous chaos filling
the whole universe presents great difficulties of various.
kinds. A great and unsolved difliculty lies in the fact that
the Cosmological Gas Theory furnishes no starting-point at.
all in explanation of the first impulse which caused ‘the:
rotary motion in the gas-filled universe. In seeking for:
such an impulse, we are involuntarily led to the mistaken:
questioning about a “first beginning.” We can as little:
imagine a first beginning of the eternal phenomena of the
motion of the universe as of its final end.

The universe is unlimited and immeasurable in both
space and time. It is eternal, and it is infinite. Nor can
we imagine a beginning or end to the uninterrupted and
eternal motion in which all particles of the universe ar
always engaged. The great laws of the conservation of
force ® and the comservation of matter, the foundations
of our whole conception of nature, admit of no other supposi-
tion. The universe, as far as it is cognisable to humam
capability, appears asa connected chain of material phe-
nomens of motion, necessitating a continual change oi
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since during the continued cooling, the fiery fluid nucleus
became more and more condensed and contracted, and
consequently the diameter of the earth diminished, the
thin cold erust, which could not closely follow the softer
nuclear mass, must have fallen in, in many places. An
cmpty space would have arisen between the two, had not
the pressure of the outer atmosphere forced down the
fragile crust towards the interior, breaking it in so doing.
Other unevennesses probably arose from the fact that, in
different parts, the cooled crust during the process of
refrigeration contracted also itself, and thus became fissured
with cracks and rents.  The fiery fluid nucleus flowed up
to the external surface through these cracks, and again
became cooled and stiff. Thus, even at an early period there:
arose many elevations and depressions, which were the first
foundations of mountains and valleys.

After the temperature of the cooled terrestrial ball had!
fallen to a certain degree, a very important new process was:
effected, namely, the first origin of waler. Water had until!
then existed only in the form of steam in the atmosphere
surrounding the globe. The water could evidently not eon-
dense into a state of fluid drops until the temperature of the
atmosphere had considerably decreased. Now, then, there:
began a further transformation of the earth’s erust by the force:
of water. It continually fell in the form of rain, and in that:
form washed down the clevations of the earth’s ecrust,
filling the depressions with the mud carried along, and, by,
depositing it in layers, it caused the extremely important
neptunic transformations of the earth’s crust, which hav
continued since then uninterruptedly, and which in our
next chapter we shall examine a little more closely.
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groups of matural bodies, the so-called inanimate or inor-
ganic, and the animate or organic bodies, and then estab-
lish what is eommon to, and what are the differences be-
tween, the two groups. Tt is desirable to go somewhat care-
fully into the comparison of orgawisms and anorgana,
since it is comnmonly very much neglected, although it is
necessary for a rvight understanding of nature from the
monistic point of view. It will be most advantageous here
to look separately at the three fundamental properties of
every natural body ; these are matter, form, and force. Let
us begin with matter.  (Gen. Morph. iii.)

By chemistry we have succeeded in analysing all bodies
known to us into a small number of elements or simple sub-
stances, which cannot be further divided, for example,
carbon, oxygen, nitrogen, sulphur, and the different metals:
potassium, sodimm, iron, gold, ete. At present we know
about seventy such elements or simple substanges. The
majority of them are unimportant and rare; the minority
only are widely distributed, and compose not only most of
the anorgana, but also all organisms. If we compare those
elements which constitute the body of organisms with those
which are met with in anorgana, ave have first to note the
highly important fact that in animal and vegetable bodies
no element oceurs but what can be found outside of them in
inanimate nature. There are no special organic elements or
simple organic substances. |

The chemical and physical differences existing between
organisms and anorgana, consequently, do not lie in their
material foundation; they do not arise from the different
nature of the elements composing them, but from the dif-
ferent manner in which the latter are united by chemical
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. elementary substance, namely, carbon (Gen. Morph. i
122-130).

Of all elements, earbon is to us by far the most important
and interesting, because this simple substance plays the
largest part in all animal and vegetable bodies known to
us. It is that element which, by its peculiar tendency to
form complicated combinations with the other elements,
produces the greatest variety of chemical compounds, and
among them the forms and living substance of animal and
vegetable bodies. Carbon is especially distinguished by
the fact that it can unite with the other elements in
infinitely manifold relations of number and weight. By the
combination of carbon with three other elements, with
oxygen, hydrogen, and nitrogen (to which generally sulphur,
and frequently, also, phosphorus is added), there arise those
exceedingly important compounds which we have become
acquainted with as the first and most indispensable
substratum of all vital phenomena, the albuminous combina-
tions, or albuminous bodies (protean matter).

We have before this (p. 185) become acquainted with the
simplest of all species of organisms in the Monera, whose
entire bodies when completely developed comsist of nothing
but a semi-fluid albuminous Inmp ; they are organisms which
are of the utmost importance for the theory of the first
origin of life. But most other organisms, also, at a certain
period of their existence—at least, in the first period of their
life—in the shape of egg-cells or germ-cells, are essentially
nothing but simple little lumps of such albuminous forma-
tive matter, known as plasma, or protoplasma. They then
differ from the Monera only by the fact that in the interior
of the albuminous corpuscle the cell-kernel, or nucleus, has
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chemical composition and the physical forces of organic
matter as the vital phenomena of inorganic erystals—that is,
the process of their growth and their specific formation—are
the direct results of their chemical composition and of their
physical eondition. The ultimate causes, it is true, remain
in both cases concealed from us. When gold and copper
crystallize in a cubical, bismuth and antimony in a
hexagonal, ilodine and sulphur in a rhombie form of
crystal, the ocemrrence is in reality neither more nor less
mysterious to us than is every elementary process of
organic formation, every self-formation of the organic cell.
In this respect we can mno longer draw a fundamental
distinetion between organisms and anorgana, a distinction
of which, formerly, naturalists were generally convinced.
Let us secondly examine the agreements and differences
which are presented to us in the jormation of organic and
inorganic natural bodies (Gen. Morph. i. 130). Formerly
the simple structure of the latter and the composite
structure of the former were looked upon as the principal
distinetion. The body of all organisms was supposed to
consist of dissimilar or heterogencous parts, of instruments
or organs which worked together for the purposes of life.
On the other hand, the most perfect anorgana, that is to say,
crystals, were supposed to consist entirely of continuous or
homogencous matter. This distinetion appears very essen-
tial. But it loses all importance through the fact that in
late years we have become acquainted with the exceedingly
remarkable and important Monera.® (Compare above,
p. 185). The whole body of these most simple of all
organisms—a semi-fluid, formless, and simple lump of
albumen—consists, in fact, of only a single chemical combi-
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the case of the shapeless or amorphous anorgana, such as
non-crystallized stones, deposits, ete. We are consequently
unable to find any essential difference in the external
forms or the inner structure of anorgana and organisms.
Thirdly, let us turn to the forces or the phenomena of
motion of these two different groups of bodies (Gen. Morph.
i. 140). Here we meet with the greatest difficulties. The
vital phenomena, known as a rule only in the highly
developed organisms, in the more perfect animals and plants,
secem there so mysterious, so wonderful, so peculiar, that
most persons are decidedly of opinion that in inorganic
nature there oceurs nothing at all similar, or in the least
degree comparable to them. Organisms are for this very
reason called animate, and the anorgana, inanimate natural
bodies. Hence, even so late as the commencement of the
present century, the science which investigates the
phenomena of life, namely physiology, retained the
erroncous idea that the physical and chemical properties
of matter were not sufficient for explaining these
phenomena. In our own day, especially during the last
ten years, this idea may be regarded as having been com-
pletely refuted. In physiology, at least, it has now no
place. It now never oceurs to a physiologist to consider
any of the vital phenomena as the result of a mysterious
vital force, of an active power working for a definite purpose,
standing outside of matter, and, so to speak, taking only
the physico-chemical forces into its service. Modern
physiology has arrived at the strictly monistic conviction
that all of the vital phenomena, and, above all, the two
fundamental phenomena of nutrition and propagation are
purely physico-chemical processes, and directly dependent
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aggregation, the newly-added particles penetrate into the
interior of the organism (inter-susception), whereas anor-
gana receive homogeneous matter from without only by
apposition or an addition of new particles to the surface.
This important difference of growth by inter-susception
and by apposition is obviously only the necessary and direct
result of the different conditions of density or state of
aggregation in organisms and anorgana,

Unfortunately I cannot here follow in detail the various
exceedingly interesting parallels and amnalogies which occur
between the formation of the most perfect anorgana, the
crystals, and the formation of the simplest organisms, the
Monera and their next kindred forms. For this I must
refer to a minute comparison of organisms and anorgana,
which I have carried out in the fifth chapter of my General
Morphology (Gen. Morph. i 111-160). I have there
shown in detail that there exist no complete differences
between organic and inorganic natural bodies, neither in
respect to form and structure, nor in respect to matter and
force ; and that the actually existing differences are dependent
upon the peculiar nature of the carbon; and that there

exists no insurmountable chasm between organic and
inorganic nature. We can perceive this most important.
fact very clearly if we examine and compare the origin of"
the forms in crystals and in the simplest organic individuals. .
In the formation of erystal individuals, two different counter--
acting formative tendencies come into operation. The inner:
constructive foree, or the inner formative tendency, which;
corresponds to the Heredity of organisms, in the case of the:
crystal is the dirvect result of its material constitution or ofi
its chemical composition.  The form of the crystal, so far ass
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in regard to the forms of erystals. The differences which
exist between the simplest organic individuals and inorganic
crystals are determined by the solid state of aggregation ot
the latter, and by the semi-fluid state of the former.
Beyond that the causes producing form are exactly the
same in both. This conviction forces itself upon us most
clearly, if we compare the exceedingly remarkable pheno-
mena of growth, adaptation, and the “correlation of parts”
of developing crystals with the corresponding phenomena
of the origin of the simplest ‘organic individuals (Monera
and cells). The analogy between the two is so great that,
in reality, no accurate boundary can be drawn. In my
General Morphology I have quoted in support of this a
number of striking facts (Gen. Morph. i. 146, 156, 158.)

If we vividly picture to ourselves this “wnity of
organic and inorganic nature,” this essential agreement of
organisms and anorgana: in matter, form, and foree, and if
we bear in mind that we are not able to establish any
one fundamental distinetion between these two groups of
bodies (as was formerly generally assumed), then the ques-
tion of spontancous generation will lose a great deal of the:
difficulty which at first seems to surround it. Then the:
development of the first organism out of inorganic matter:
will appear a much more easily conceivable and intelligible:
process than has hitherto been the case, whilst an artificiall
absolute barrier between organic or animate, and inorganie:
or inanimate nature was maintained.

In the question of spontaneous generation, or archigony,,
which we can now answer more definitely, it must be borne:
in mind that by this conception we understand generally:
the non-pavental generation of an orgawic individual, the:
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It is evident, however, that this latter process is only of
subordinate interest for our history of ereation. It is much
more 1mportant for us to solve the question, “Is there such,
a thing as autogeny ? Ts it possible that an organism can
arise, not out of pre-existing organic, but out of purely inor-
ganic, matter ?” Hence we can quietly lay aside all the
numerous experiments which refer only to plasmogeny,
which have been carried on very zealously during the last
ten years, and which for the most part have had a negative
result. For even supposing that the reality of plasmogeny
were strictly proved, still autogeny would not be explained
by it.

The experiments on autogeny have likewise as yet
furnished no certain and positive result. Yet we must at
the outset most distinetly protest against the notion
that these experiments have proved the impossibility of
spontaneous generation in general. Most naturalists who
have endeavoured to decide this question experimentally,
and who, after having employed all possible precautionary
measures, under well-ascertained conditions, have seen no
organisms. come into being, have straichtway made the
assertion, on the ground of these negative results: “That it
is altogether impossible for organisms to come into existence
by themselves without parental generation.” This hasty
and inconsiderate assertion they have supported by the
negative results of their experiments, which, after all, could
prove mothing except that, under these or those highly
artificial circumstances created by the experimenters them-
selves, no organism was developed. From these experi-
ments, which have been for the most part made under the
most unnatural conditions, and in a highly artificial
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any case, therefore, even if we do not know anything more
about it, there remains to us the supposition, which can at
least not be disputed, that at that time, under conditions
quite different from those of to-day, a spontaneous genera-
tion, which now is perhaps no longer possible, may have
taken place.

But it is necessary to add here that, by the recent pro-
gress of chemistry and physiology, the mysterious and
miraculous character which at first seems to belong to this
much disputed and yet inevitable process of spontaneous
generation, has been to a great extent, or almost entirely,
destroyed. Not fifty years ago, all chemists maintained that
we were unable to produce artificially in our laboratories
any complicated combination of carbon, or so-called “organic
combination.” The mystic “vital force” alone was sup-
posed to he able to produce these combinations. When,
therefore, in 1828, Wohler, in Gottingen, for the first time
. refuted this dogma, and exhibited pure “ organic” urea, ob-
tained in an artificial manner from a purely inorganic body
(cyanate of ammonium), it caused the greatest surprise and
astonishment. In more recent times, by the progress of syn-
thetic chemistry, we have succeeded in producing in our
laboratories a great variety of similar “organic” combin-
ations of carbon, by purely artificial means—for example
alcohol, acetic acid, formic acid. Indeed, many exceed-
ingly complicated combinations of carbon are now arti-
ficially produced, so that there is every likelihood, sooner
or later, of our producing artificially the most complicated,
and at the same time the most important of all, namely, the
albuminous combinations, or plasma-bodies. By the con-
sideration of this probability, the deep chasm which was
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of the Monera takes place by true autogeny, then it is
further requisite that that plasma capable of life, that pri-
meeval mucus, should be formed out of simpler combinations
of carbon. As we are now able artificially to produce,
in our laboratories, combinations of earbon similar to this
in the complexity of their constitution, there is absolutely
no reason for supposing that there are not conditions in free
nature also, in which such combinations could take place.
Formerly, when the doctrine of spontaneous generation was
advocated, it failed at once to obtain adherents on aceount
of the composite structure of the simplest organisms then
known. It is only since we have discovered the exceedingly
important Monera, only since we have become acquainted
in them with organisms not in any way built up of distinet
organs, but which consist solely of a single chemical combin-
ation, and yet grow, nourish, and propagate theinselves, that
this great difficulty has been removed, and the hypothesis of
spontaneous generation has gained a degree of probability
which entitles it to fill up the gap existing between Kant's
cosmogony and Lamarck’s Theory of Descent.  Even
among the Monera at present known there is a species
which probably, even now, always comes into existence by
spontaneous generation. This is the wonderful Bathybiws
Heeckelii, discovered and deseribed by Huxley. As I have
already mentioned (p. 184), this Moneron is found in the
greatest depths of the sea, at a depth of between 12,000 and
24,000 feet, where it covers the ground partly as retiform
threads and plaits of plasma, partly in the form of larger or
smaller irregular lumps of the same material * -

% The naturalists of the Challenger expedition are of the opinica thab
Bathybius is a gelatinous precipitate of sulphate of lime. Dr. Emil Bessels,
an excellent observer, states, en the other hand, that he has studied ib in {he

living condition,”—Jena Zeitschrift, vol. ix. p. 277.—Editor.
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of an external crust, which as a protecting covering shut in
the softer interior from the hostile influences of the
outer world. As soon as, by condensation of the homo-
geneous Moneron, a cell-kernel arose in the interior and
a membrane arose on the surface, all the fundamental
parts of the unit were furnished, out of which, by infinitely
manifold repetition and eombination, as attested by actual
observation, the body of higher organisms is constructed.

As has already been mentioned, our whole understanding
of an organism rests upon the cell theory established thirty
years ago by Schleiden and Schwann. According to it,
every organism is either a simple cell or a cell-community,
a republic of closely connected cells. All the forms and
vital phenomena of every organism are the collective result
of the forms and vital phenomena of all the single cells of
which it is composed. By the recent progress of the cell
theory it has become necessary to give the elementary
organisms, that is, the “ organic” individuals of the first
order, which are usually designated as cells, the more
general and more suitable name of form-umnits, or plastids,
Among these form-units we distinguish two main groups,
namely, the eytods and the genuine cells. The cyfods are,
like the Monera, pieces of plasma without a kernel
(p. 186, Fig. 1). Clells, on the other hand, are pieces of plasma
containing a kernel or nucleus (p. 188, Fig. 2). Each of
these two main groups of plastids is again divided into two
subordinate groups, according as they possess or do not
possess an external covering (skin, shell, or membrane).
We may accordingly distinguish the following four grades
or species of plastids, namely: 1. Simple cytods (p. 186,
Tig. 1 A); 2. Encased cytods; 3. Sumple cells (p. 188,
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appears to us as a simple and necessary event in the pro-
cess of the development of the earth. We admit that this
process, as long as it is not directly observed or repeated by
experiment, remains a pure hypothesis.  But I must again
say that this hypothesis is indispensable for the consistent
completion of the non-miraculous history of creation, that
it has absolutely nothing foreced or miraculous about it,
and that certainly it can mever be positively refuted. It
must be taken into consideration that the process of spon-
taneous generation, even if it still took place daily and
hourly, would in any case be exceedingly difficult to observe
and establish with absolute certainty as such. With regard
to the Monera, we find ourselves placed before the following
alternative : either they are actually directly derived from
pre-existing, or “created,” most ancient Monera, and in this
case they would have had to propagate themselves un-
changed for many millions of years, and to have maintained
their original form of simple particles of plasma ; or, the
present Monera have originated much later in the course of
the orgamic history of the earth, by repeated acts of spon-
taneous generation, and in this case spontancous generation
may take place now as well as then. The latter suppo-
sition has evidently much more probability on its side than
the former.

If we do not accept the hypothesis of spontaneous
generation, then at this one point of the history of develop-
ment we must have recourse to the miracle of a super-
natural creation. The Creator must have created the first
organism, or a few first organisms, from which all others are
derived, and as such he must have created the simplest
* Monera, or primeeval cytods, and given them the capability
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CHAPTER XIV.

MIGRATION AND DISTRIBUTION OF ORGANISMS.
CHOROLOGY AND THE ICE-PERIOD OF THE EARTH.

Chorological Facts and Causes.—Origin of most Species in one Single
Locality : “ Centres of Creation.”—Distribution by Migzration.—Active
and Passive Migrations of Animals and Plants.—Means of Transport.—
Transport of Germs by Water and by Wind.—Continual Change of the
Area of Distribution by Elevations and Depressions of the Ground.—
Chorological Importance of Geological Processes.—Influence of the
Change of Climate—Ice or Glacial Period.—Its Importance to
Chorology.—Importance of Migrations for the Orizin of New Species.
—Isolation of Colonists.—Wagner's Law of Migration.—Connection
between the Theory of Migration and the Theory of Selection.—Agree.
ment of its Results with the Theory of Descent.

As I have repeatedly said, but ecannot too much emphasize
the actual value and invincible strength of the Theory
of Descent does not lie in its explaining this or that single
phenomenon, but in the fact that it explains all biological
phenomena, that it makes all hotanical and zoological
series of phenomena intelligible in their relations to one
another. Hence every thoughtful investigator is the more
firmly and deeply convinced of its truth the more he
advances from single biological observations to a general
view of the whole domain of animal and vegetable life.
Let us now, starting from this comprehensive point of view,
survey a biological domain, the varied and complicated
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If all the phenomena of the geographical and topographi-
cal distribution of organisms are examined by themselves,
without considering the gradual development of species, and
if at the same time, following the customary superstition, the
individual species of animals and plants are considered
as forms independently created and independent of one
another, then there remains nothing for us to do but to gaze
at those phenomena as a confused collection of incompre-
hensible and inexplicable miracles. DBut as soon as we
leave this low stand-point, and rise to the height of the
theory of development, by means of the supposition of a
blood-relationship between the different species, then all
at once a clear light falls upon this strange series of
miracles, and we see that all chorological facts can
be understood quite simply and elearly by the supposition ot
a common descent of the species, and their passive and
active migrations.

The most important prineiple from which we must start
in chorology, and of the truth of which we are convinced by
due examination of the theory of selection, is that, as a rule,
every animal and vegetable species has avisen only once in
the course of time and only in one place on the earth—its
so-called “centre of creation”—by natural selection. I share
this opinion of Darwin’s unconditionally, in respect to the
great majority of higher and perfect organisms, and in
respect to most animals and plants in which the division of’
labour, or differentiation of the cells and organs of which
they are composed, has attained a certain stage. For if
is quite incredible, or could at best only be an exceedingly
rare accident, that all the manifold and complicated circum-
stances—all the different conditions of the struggle for life
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primeevel home, or its natal place. This is a necessary
consequence of the relations of population and over-popula-
tion (pp. 161 and 256). The more an animal or vegetable
species increases, the less is its limited natal plage sufficient
for its sustenance, and the fiercer the struggle for life; the
more rapid the over-population of the natal spot, the more
it leads to emigration. These migrations are common to all
organisms, and are the real cause of the wide distribution
of the different species of oreanisms over the earth’s surface.
Just as men leave over-crowded states, so all animals and
plants migrate from their over-crowded primeeval homes.

Many distinguished naturalists, especially Lyell'* and
Schleiden, have before this repeatedly drawn attention to
the great importance of these very interesting migrations of
organisms. The means of transport by which they are
effected are extremely varied. Darwin has discussed these
most excellently in the eleventh and twelfth chapters of
his work, which are exclusively devoted to “geographical
distribution.” The means of transport are partly active,
partly passive; that is to say, the organism eflects its
migration partly by free locomotion due to its own activity,
and partly by the movements of other natural bodies in
which it hasno active share.

It is self-evident that aclive migrations play the chief
part in animals able to move freely = The more freely an
animal’s organization permits it to movein all directions, the
more easily the animal species can migrate, and the more
rapidly it will spread over the earth. Flying animals are of
course most favoured in this respect,among vertebrate animals
especially birds, and among articulated animals, insects.
These two classes, as soon as they came into existence, can:
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their specific form by superficial adaptation to particular
local relations,

Next to the flying animals, those animals, of course, have
spread most quickly and furthest which were next best able
to migrate, that is, the best runners among the inhabitants
of the land, and the best swimmers among the inhabitants of
the water. However, the power of such active migrations
is not confined to those animals which throughout life enjoy
free locomotion. For the fixed animals also, such as corals,
tubicolous worms, sea-squirts, lily encrinites, sea-acorns, bar-
nacles, and many other lower animals which adhere to sea-
weeds, stones, etc., enjoy, at least at an early period of life,
free locomotion. They all migrate before they adhere to
anything. Their first free locomotive condition of early life
is generally that of a “ciliated” larva, a roundish, cellular
corpuscle, which, by means of a garb of movable “ flimmer-
hairs,” (Latin,  cilia”) swarms about in the water and bears
the name of Planula.

But the power of free locomotion, and hence, also, of active
migration, is not confined to animals alone, but many plants
likewise enjoy it. Many lower aquatie plants, especially the
class of the Tangles (Alga), swim about freely in the water
in early life, like the lower animals just mentioned, by
means of a vibratile hairy coat, a vibrating whip, or a
covering of tremulous fringes, and only at a later period
adhere to objects. Even in the case of many higher plants,
which we designate as creepers and climbing plants, we may
speak of active migration. Their elongated stalks and
perennial roots creep or climb during their long process
of growth to mew positions, and by means of their wide-
spread branches they acquire new habitations, to which
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etc.,, even small reptiles and mammals, are hidden within
the hollow trunk or cling to the branches. In the earth
adhering to the fibres of the roots, in the dust lying in the
cracks of the bark, there are innumerable germs of smaller
animals and plants. Now, if the trunk thus washed away
lands safely on a foreign shore or on a distant island, the
guests who had to take part in the involuntary voyage can
leave their boat and settle in the new country. A very
remarkable kind of water-transport is formed by the floating
icebergs which annually become loosened from the eternal
ice of the Polar Sea. Although these cold regions are thinly
peopled, yet many of theirinhabitants, who were accidentally
upon an iceberg while it was becoming loosened, are carried
away with it by the currents, and landed on warmer shores.
In this manner, by means of loosened blocks of ice from
the northern Polar Sea, often whole populations of small
animals and plants have been ecarried to the northern
shores of Europe and America. Nay, even polar foxes and
polar bears have been carried in this way to Iceland and to
the British Isles.

Transport by air is no less important than transport by
water in this matter of passive migration. The dust cover-
ing our strects and roofs, the earth lying on dry fields and
dried-up pools, the light moist soil of forests, in short, the
whole surface of the globe contains millions of small organ-
isms and their germs. Many of these small animals and
plants can without injury become completely dried up, and
awake again to life as soon as they are moistened. Every
gust of wind raises up with the dust innumerable little
creatures of this kind, and often carries them away to other
places miles off But even larger organisms, and especially
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separated and far distant chains of mountains? Tt is diffi-
cult to believe, and in many cases quite inconceivable, that
these inhabitants of fresh water should have in any way,
actively or passively, migrated over the land lying between
the lakes, or that the inhabitants of mountains in any
way, actively or passively, crossed the plains lying between
their mountain homes. But here geology comes to our help,
as a mighty ally, and completely solves these difficult pro-
blems for us,

The history of the earth’s development shows us that the
distribution of land and water on its surface is ever and
continually changing. In consequence of geological changes
of the earth’s crust, elevations and depressions of the ground
take place everywhere, sometimes more strongly marked in
one place, sometimes in another. Even if they happen so
slowly that in the course of centuries the seashore rises or
sinks only a few inches, or even only a few lines, still they
nevertheless effect great results in the course of long periods
of time. And long—immeasurably long—periods of time
have not been wanting in the earth’s history. During the
course of many millions of years, ever sinee organic life ex-
isted on the earth, land and water have perpetually strugeled
for supremacy. Continents and islands have sunk into the
sea, and new ones have arisen out of its bosom, Lakes and
seas have slowly been raised and dried up, and new water
basins have arisen by the sinking of the ground. Peninsulas
have become islands by the narrow neck of land which con-
nected them with the mainland sinking into the water.
The islands of an archipelago have hecome the peaks of a
continuous chain of mountains by the whole floor of their
sea being considerably raised.
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by a strait, but they have now for the most part sunk
below the level of the sea. Wallace,solely on the ground of
his accurate chorological observations, has been ablein the
most acute manner to determine the position of this former
strait, the south end of which passes between Balij and
Lombok,

Thus, ever since liquid water existed on the earth, the
boundaries of water and land have eternally changed, and
we may assert that the outlines of continents and islands
have never remained for an hour, nay, even for a minute,
exactly the same. For the waves eternally and perpetually
break on the edge of the coast, and whatever the land in
these places loses in extent, it gains in other places by the
accumulation of mud, which eondenses into solid stone and
again rises above the level of the sea as new land. Nothing
can be more erroneous than the idea of a firm and
unchangeable outline of our continents, such as is im-
pressed upon us in early youth by defective lessons on
geography, which are devoid of a geological basis.

I need hardly draw attention to the fact that these
geological changes of the earth’s surface have ever been ex-
ceedingly important to the migrations of organisms, and
consequently to their Chorology. From them we learn to
understand how it is that the same or nearly related species of
animals and plants can ocecur on different islands, although
they could not have passed through the water separating
them, and how other species living in fresh water can inhabit
different enclosed water-basins, although they could not have
crossed the land lying between them. These islands were
formerly mountain peaks of a connected continent, and
these lakes were once directly connected with one another.
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the poles remained so warm that the whole surface of the
carth could be inhabited by organisms. It was only at a
comparatively very recent period of the earth’s history,
namely, at the beginning of the tertiary period, that there
occurred, as it seems, the first perceptible cooling of the
earth’s crust at the poles, and through this the first differen-
tiation or separation of the different zones of temperature
or climatic zones. But the slow and gradual decrease of
temperature continued to extend more and more within the
tertiary period, until at last, at both poles of the earth, the
first permanent ice caps were formed.

I need scarcely point out in detail how very much this
change of climate must have affected the geographical dis-
tribution of organisms, and the origin of numerous new
species. The animal and vegetable species, which, down
to the tertiary period, had found an agreeable tropical
climate all over the earth, even as far as the poles,
were now forced either to adapt themselves to the in-
truding cold, or to flee from it. Those species which
adapted and accustomed themselves to the decreasing
temperature became new speeies simply by this very aceli-
matization, under the influence of natural selection. The
other species, which fled from the cold, had to emigrate and
seek a milder climate in lower latitudes. The tracts of dis-
tribution which had hitherto existed must by this have
been vastly changed.

However, during the last great period of the earth’s
history, during the quaternary period (or diluvial period)
succeeding the tertiary one, the decrease of the heat
of the earth from the poles did not by any means remain
stationary. The temperature fell lower and lower, nay, even
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It is unnecessary here to enter into detail as to the ice
period itself, and into investigations about its limits, and
I may omit this all the more reasonably since the whole
of our recent geological literature is full of it. Tt will he
found discussed in detail in the works of Cotta,! Lyell
Vogt,”" Zittel® ete. TIts great importance to us here is
that it helps us to explain the most difficult chorological
problems, as Darwin has correctly perceived.

For there can be no doubt that this glaciation of the
present temperate zones must have exercised an exceedingly
important influence on the geographical and topographical
distribution of organisms, and that it must have entirely
changed it. While the cold slowly advanced from the poles
towards the equator, and covered land and sea with a con-
nected sheet of ice, it must of course have driven the whole ',
living world before it.  Animals and plants had to migrate
if they wished to escape being frozen. But as at that time
the temperate and tropical zones were probably no less
densely peopled with animals and plants than at present,
there must have arisen a fearful struggle for life between
the latter and the intruders coming from the poles. During
this struggle, which certainly lasted many thousands of
years, many species must have perished and many become
modified and been transformed into new species. The
hitherto existing tracts of distribution of species must have
become completely changed, and the struggle have been
continued, nay, indeed, must have broken out anew and
been carried on in new forms, when the ice period had
reached and gone beyond its furthest point, and when in
the post-glacial period the temperature again increased, and
organisms began to migrate back again towards the poles.
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dispersion of these species over a greater or less portion of
the earth’s surface. But these migrations are also of great
unportance to the theory of development, because we can
perceive in them a very important means for the origin of
new species. When animals and plants migrate they meet in
their new home, in the same way as do human emigrants,
with eonditions which are more or less different from those
which they have inherited throughout generations, and to
which they have been accustomed. The emigrants must
either submit and adapt themselves to these new conditions
of life or they perish. By adaptation their peculiar specific
character becomes the more changed the greater the dif-
ference between the nmew and the old home. The new
climate, the new food, but above all, new neighbours in
the forms of other animals and plants, influence and tend
to modify the inherited character of the immigrant species,
and if it is not hardy enough to resist the influences, then
sooner or later a new species must arise out of it. In most
cases this transformation of an immigrant species takes
place so quickly under the influence of the altered struggle
for life, that even after a few generations a new species
arises from it.

Migration has an especial influence in this way on all
organisms with separate sexes. For in them the origin of
new species by natural selection is always rendered difficult,
or delayed, by the fact that the modified descendants oc-
casionally again mix sexually with the unchanged original
form, and thus by crossing return to the first form. But
if such varieties have migrated, if great distances or
barriers to migration—seas, mountains, etc.—have separated
them from the old home, then the danger of a mingling
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turbed breeding of a commencing variety of colonists in a
new territory continues without its mingling with subse-
quent immigrants of the same species, the oftener a new
species will arise out of the variety.”

Every one will agree with these three propositions of
Moritz Wagner’s. But we must consider his view, that the
migration and the subsequent isolation of the emigrant in-
dividuals is a mecessary condition for the origin of new
species, to be completely erroncous. Wagner says, “with-
out a long-enduring separation of colonists from their former
species, the formation of a new race cannot succeed—selection,
in fact, cannot take place. Unlimited crossing, unhindered
sexual mingling of all individuals of a species will always
produce uniformity, and drive varieties, whose characteris-
tics have not been fixed throughout a series of generations,
back to the primary form.”

This sentence, in which Wagner himself comprises the
main result of his investigations, he would be able to defend
only if all organisms were of separate sexes, if every origin
of new individuals were possible only by the mingling of
male and female individuals. But this is by no means
the case. Curiously enough, Wagner says nothing of
the numerous hermaphrodites which, possessing both the
sexual organs, are capable of self-fructification, and like-
wise nothing of the countless organisms which are not
sexually differentiated. _

Now, from the earliest times of the organie history of the
earth, there have existed thousands of organic species
* (thousands of which still exist) in which no difference of
sex whatever exists, and, in fact, in which no sexual propa-
ration takes place, and which exelusively reproduce them-
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only in the simplest non-sexual manner. Even now all
Protista, as well as all the countless forms of cells, which
constitute the body of higher organisms, multiply themselves
only by non-sexual generation. And yet there arise here
“new species” by differentiation in consequence of natural
selection.

But even if we were to take into consideration the animal
and vegetable species with separate sexes, in this case too
we should have to oppose Wagner's chief proposition, that
“the migration of organisms and their formation of colonies
is the necessary condition of natwral selection.” August
Weismann, in his treatise on the “Influence of Isolation
upon the Formation of Species,” ** has already sufficiently
refuted that proposition, and has shown that even in one
and the same district one bi-sexual species may divide itself
into several species by natural selection. In relation to this
question, I must again call to mind the great influence
which division of labowr, or differentiation, possesses, being
one of the necessary results of natural selection. All
the different kinds of cells constituting the body of the
higher organisms, the nerve cells, muscle cells, gland cells,
ete, all these “good species,” these “bone species” of
elementary organisms, have arisen solely by division of
labour, in. consequence of natural selection, although they
not only -never were locally isolated, but ever since their
origin have always existed in the closest local relations one
with another. Now, the same reasoning that applies to these
elementary organisms, or “individuals of the first order,”
applies also to the many-celled organisms of a higher order
which only at a later date have arisen as “good species”™
from among their fellows.
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islands were peopled; lastly and thirdly, the peculiar
character presented in general by the flora and fauna of
islands taken as a whole.

All these chorological facts given by Darwin, Wallace,
and Wagner-—especially the remarkable phenomena of the
limited local fauna and flora, the relations of insular to conti-
nental inhabitants, the wide distribution of the so-called
“cosmopolitan species,” the close relationship of the local
species of the present day with the extinet species of the
same limited territory, the demonstrable radiation of
every species from a single central point of creation—all
these, and all other phenomena furnished to us by the
aeographical and the topographical distribution of organisms,
are explained in a simple and thorough manner by the
theory of selection and migration, while without it they are
simply incomprehensible. Consequently, in the whole of
this series of phenomena we find a new and weighty proof
of the truth of the Theory of Descent.
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Frank Leward. Edited by CHARLES BaMpTON. Crown 8vo, 7s. 6d.

FULLER, Rev. Morris.—The Lord’s Day ; or, Christian Sunday.
Its Unity, History, Philosophy, and Perpetual Obligation.
Sermons. Demy 8vo, 105 6d.

GARDINER, Samuel R., and ¥ BASS MULLINGER, M.A.—
Introduction to the Study of English History. Second
Edition. Large crown 8vo, 9s. ' .






12 A List of

GOWER, Lord Ronald. My Reminiscences. MINIATURE EpiTiox,
printed on hand-made paper, limp parchment antique, 105, 6d.

Last Days of Mary Antoinette. An Historical Skefch.
Fcap. 4to.

Notes of a Tour from Brindisi to Yokohama, 1883-
1884. Fcap. 8vo, 25 6d.

GRAHAM, William, M. A.—The Creed of Science, Religious, Moral,
and Social. Second Edition, Revised. Crown 8vo, 6s.

The Social Problem in its Economie, Moral, and
Political Aspects. Demy 8vo.

GREY, KRowland.—In Sunny Switzerland. A Tale of Six Weeks.
Second Edition. Small crown 8vo, 5s.

Lindenblumen and other Stories. Small crown Svo, 5s.
CRIFFITH, Thomas, A.M.—The Gospel of the Divine Life: a
Study of the Fourth Evangelist. Demy 8vo, I4s.

CRIMILEY, Rev. H N, M. A.—Tremadoc Sermons, chiefly on
the Spiritual Body, the Unseen World, and the
Divine Humanity. Fourth Edition. Crown 8vo, 6s.

GUSTAFSON, Alex.—The Foundation of Death. Third Edition.
Crown 8vo, 5s.

Some Thoughts on Moderation. Reprinted from a Paper
read at the Reeve Mission Room, Manchester Square, June 8,
1885, Crown 8vo, Is.

HAECKEL, Prof. Ernst.—The History of Creation. Translation
revised by Professor E. Ray LANKESTER, M.A., F.R.S5. With
Coloured Plates and Genealogical Trees of the wvarious groups
of both Plants and Animals, 2 vols. Third Edition. Post
8vo, 325

The History of the Evolution of Man. With numerous
Illustrations. 2 vols, Post 8vo, 325.

A Visit to Ceylon. Post 8vo, 75. 64.

Freedom in Science and Teaching. With a Prefatory Note
by T. H. HuxLEY, F.R.S. Crown 8vo, 5s.

11ALF-CROWN SERIES :—
A Yost Love. By Axna C. OcLE [Ashford Owen].
Sister Dora : a Biography. By MARGARET LONSDALE.

True Words for Brave Men : a Book for Soldiers and Sailors.
By the late CHARLES KINGSLEY,

Notes of Travel : being Extracts from the Journals of Count VoN
MOLTKE.

English Sonnets. Collected and Arranged by J. DENNIS.

Home Songs for Quiet Hours. By the Rev. Canon R. H.
BAYNES,







14 A Eisior

HHINTON, 7.—Life and Letters. With an Introduction by Sir W.
W. Gurr, Bart., and Portrait engraved on Steel by C. E[ Jeens,
Fifth Edition. Crown 8vo, 8s. 64,

Philosophy and Religion. Selections from the Manuscripts of
the late James Hinton. Edited by CAroLINE HADDON. Second
Edition. Crown 8vo, 5.

The Law Breaker, and The Coming of the Law.
Edited by MArRcARET HintoN. Crown 8vo, 6s. :

The Mystery of Pain. New Edition. Feap. 8vo, Is.

Hodson of Hodson's Horse ; or, Twelve Years of a Soldier’s Life
in India. Being extracts from the Letters of the late Major
W. 5. R. Hodson. With a Vindieation from the Attack of Mr.
Bosworth Smith. Edited by his brother, G. H. Hopson, M. A,
Fourth Edition. Large crown 8vo, gs.

HOLTHAM, E, G.—Eight Years in Japan, 1873-1881. Work,
Travel, and Recreation. With three Maps. Large crown 8vo, gs.

Homology of Economic Justice. An Essay by an East India
Merchant. Small crown 8vo, 5s.

HOOPER, Mary.—Little Dinners: How to Serve them with
Elegance and Economy. Nineteenth Edition. Crown
Svo, 25, 64

Cookery for Invalids, Persons of Delicate Digestion,
and Children. Fourth Edition. Crown 8vo, 2s. 64.

Every-Day Meals. Being Economical and Wholesome Recipes
for Breakfast, Luncheon, and Supper. Sixth Edition. Crown
8vo, 25 64,

HOPKINS, Ellice. —Work amongst Working Men. Fifth
Edition. Crown 8vo, 3s5. 6d.

HOSPITALIER, £.—The Modern Applications of Electricity.
Translated and Enlarged by Jurius MAIER, Ph.D. 2z vols
Second Edition, Revised, with many additions and numerous
Illustrations. Demy 8vo, 125, 64. each volume.
VoL. I.—Electric Generators, Electric Light.
VoL. II.—Telephone : Various Applications :  Electrical
Transmission of Energy.

Household Readings on Prophecy. DBy a Layman, Small
crown 8vo, 35 6d.

HOWARD, Robert, M.A.—The Church of England and other
Religions Communions. A course of Lectures delivered in
the Parish Church of Clapham. Crown 8vo, 7s5. 64.

HUGHES, Henry.—The Redemption of the World. Crown 8vo,
35, 6d,

HUNTER, Hay.—The Crime of Christmas Day. A Tale of
the Latin Quarter. .

e _l.-u'
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KAUFMANN, Rev, M., B.4.—Socialism : its Nature, its, Dangers,
and its Remedies considered. Crown 8vo, 7s5. 64.

Utopias ; or, Schemes of Social Improvement, from Sir Thomas
More to Karl Marx. Crown 8vo, 55

KAY, ﬂﬂm%:fﬁ R.G.S.—Education and Educators. Crown 8vo,
75, b4,

KAY, Foseph.—Free Trade in Land. Edited by his Widow. With
Preface by the Right Hon. JoHN BricHT, M.P, Seventh
Edition. Crown 8vo, 5s.

*." Also a cheaper edition, without the Appendix, but with a Revise

of Recent Changes in the Land Laws of England, by the RicHT
How, G, OsBorRNE MoORGAN, Q.C,, M.P. Cloth, 1s, 64, Paper
covers, 15,

ANELKE, W. H.L H—An Epitome of English Grammar for
the Use of Students. Adapted to the London Matriculation
Course and Similar Examinations. Crown Svo.

KEMPIS, Thomas d.—Of the Imitation of Christ. Parchment
Library Edition.—Parchment or cloth, 6s. ; vellum, 7s. 6. The
Red Line Edition, fcap. 8vo, red edges, 25. 6. The Cabinet
Edition, small 8vo, cloth limp, Is. ; cloth boards, red edges, 1s. 64,

The Miniature Edition, red edges, 32mo, Is.

* ¥ All the above Editions may be had in various extra bindings.

KENT, C.—Corona Catholica ad Petri successoris Pedes
Oblata: De Summi Pontificis Leonis XIII. As-
sumptione Epigramma. In Quinquaginta Linguis. Feap.
4to, 155,

KETTLEWELL, Rev. S.—Thomas a4 Kempis and the Brothers

~ of Common Life. 2 vols. With Frontispieces. Demy 8vo,
305,
* * Alsoan Abridged Edition, in one volume. With Portrait. Crown
8vo, 7s5. O4.

KIDD, Foseph, M.D.—The Laws of Therapeutics; or, the Science
and. Art of Medicine., Second Edition. Crown 38vo, 6s.
KINGSFORD, Anna, M.D.—The Perfect Way in Diet. A

Treatise advocating a Return to the Natural and Ancient Food of
our Race. Second Edition. Small crown 8vo, 25
KINGSLEY, Charles, M. A.—Letters and Memories of his Life.
Edited by his Wife. With two Steel Engraved Portraits, and
Vignettes on Wood. Fifteenth Cabinet Edition. 2 vols. Crown
8vo, 125,
*.* Also a People's ]E!q:litii:nn,S in c:g}e volume. With Portrait. Crown
vo, 6.

All Saints’ Day, and other Sermons. Edited by the Rev. W.
HARRISON, Third Edition. Crown 8vo, 7s. 6d.

True Words for Brave Men. A Book for Soldiers’ and
Sailors’ Libraries, Eleventh Edition, Crown 8vo, 25 64,
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MACHIAVELLT, Niccold.—Discourses on the First Decade of
Titus Livius. Translated from the Italian by NiNian Hivw
TroMsoN, M.A, Large crown 8vo, 12s. .

The Prince. Translated from the Italian by N. H. T. Small
crown 8vo, printed on hand-made paper, bevelled boards, 6s.

MACKENZIE, Alexander.—How India is Governed. Being an
Account of England’s Work in India. Small crown 8vo, 2s.

MAGNUS, Mrs.—About the Jews since Bible Times. From the
Babylonian Exile till the English Exodus. Small crown 8vo, 6.

MAIR, R. 8., M.D., F.R.C.5. E.—The Medical Guide for Anglo-
Indians. Being a Compendium of Advice to Europeans in
India, relating to the Preservation and Regulation of Health.
With a Supplement on the Management of Children in India.
Second Edition. Crown 8vo, limp cloth, 3s. 64.

MALDEN, Henry Elliot.—Vienna, 1683. The History and Conse-
quences of the Defeat of the Turks before Vienna, September

12th, 1683, by John Sobieski, King of Poland, and Charles
Leopold, Duke of Lorraine. Crown 8vo, 4s5. 6d.

MWALET, Lucas.—Colonel Enderby’'s Wife. A Novel. Fourth
Edition, 3 vols. Crown 8vo.

Many Voices. A volume of Extracts from the Religious Writers of
Christendom from the First to the Sixteenth Century. With
Biographical Sketches. Crown 8vo, cloth extra, red edges, 6s.

MARKHAM, Capt. Albert Hastings, R.N.—The Great Frozen Sea:
A Personal Narrative of the Voyage of the 4/¢ during the Arctic
Expedition of 1875-6. 'With 6 Full-page Illustrations, 2 Maps,
and 27 Woodcuts. Sixth and Cheaper Edition. Crown 8vo, 6]3'

MARTINEAU, Gerfrude.—Outline Lessons on Morals. Small
crown 8vo, 35 6d.

MAUDSLEY, H., M.D.—Body and Will. Being an Essay con-
cerning Will, in its Metaphysical, Physiological, and Pathological
Aspects. 8vo, 125,

McGRATH, Terence.—Pictures from Ireland. New and Cheaper
Edition, Crown 8vo, 2r.

MEREDITH, M. A.—Theotokos, the Example for Woman.
Dedicated, by permission, to Lady Agnes Wood. Revised by
the Venerable Archdeacon DENISON. 32mo, limp cloth, 15 64.

MILLER, Edward.—The History and Doctrines of Irvingism ;
or, The so-called Catholic and Apostolic Church. 2vols. Large
post 8vo, 255
The Church in Relation to the State. Large crown 8vo,
5. 6,
MITCHELL, Lucy M.—A History of Ancient Sculpture. With
numerous Illustrations, including 6 Plates in Fhototype. Super
royal 8vo, 425,
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NICOLS, Arthur, F.G.S., F.R.G.S5—Chapters from the Physical
History of the Earth: an Introduction to Geology and
Palxzontology. With numerous Illustrations. Crown 8vo, 5s.

NOPS, Marianne.—Class Lessons on Euclid. Part 1. containing
the First Two Books of the Elements. Crown 8vo, 2s5. 64,

Nuces: EXERCISES ON THE SYNTAX OF THE Punric ScHooL LATIN
PriMER. New Edition in Three Parts. Crown Svo, each 1s.
*« The Thrge Parts can also be had bound together, 3s.
OATES, Frank, F.R.G.5.—Matabele Land and the Victoria
Falls. A Naturalist's Wanderings in the Interior of South
Africa. Edited by C. G, OaTes, B.A., With numerous Illustra-
tions and 4 Maps. Demy 8vo, 21s.

GCONNOR, 7. P, M.P.—The Parnell Movement. With a
Sketch of Irish Parties from 1843. Demy 8vo.

OGLE, W, M.D., FR.C.P—Aristotle on the Parts of Animals.
Translated, with Introduction and Notes. Royal 8vo, 125. 6.

OHAGAN, Lord, K. P.— Occasional Papers and Addresses.
Large crown 8vo, 75. 64,

OREN, Lorenz, Life of. By ALEXANDER EckEr. With Explanatory
Notes, Selections from Oken’s Correspondence, and Portrait of the
Professor. From the German by ALFRED TULK. Crown 8vo, 6s.

Old Corner House, The. By L. H. =2 vols. Crown 8vo.
DCIMWEARA, Kathleen.—Frederic Ozanam, Professor of the Sorbonne :
His Life and Work., Second Edition. Crown 8vo, 7s. 6d.
Henri Perreyve and his Counsels to the Siclk. Small
crown 8vo, 51,

One and a Half in Norway. A Chronicle of Small Beer. By
Either and Both. Small crown 8vo, 3s. 64.

O NELL, the late Rev. Lord.—Sermons. With Memoir and Portrait.
Crown 8vo.
Essays and Addresses. Crown Svo.

Only Passport to Heaven, The. By One who has it. Small
crown 8vo, 15, Od.

OSEORNE, Rev. W. A.—The Revised Version of the New Tes-
tament. A Critical Commentary, with Notes upon the Text.
Crown 8vo, 55

OTTLEY, H. Bickersteth.—The Great Dilemama. Christ His Own
Witness or His Own Accuser. Six Lectures. Second Edition.
Crown 8vo, 3s. 6d.

Our Public Schools—Eton, Harrow, Winchester, Rugby,
Westminster, Marlborough, The Charterhouse.
Crown 8vo, 6s.
OWEN, F. M.—John Keats: a Study. Crown 8vo, 6s,
Across the Hills. Small crown 8vo, 1s. 6.
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Parchment Library—coontinued.

French Lyrics. Selected and Annotated by GEORGE SAINTS-
BURY. With a Miniature Frontispiece designed and etched by
H. G. Glindoni. :

Fables by Mr. John Gay. With Memoir by AusTin Dogeson,
and an Etched Portrait from an unfinished Oil Sketch by Sir
Godfrey Kneller.

Select Letters of Percy Bysshe Shelley. Edited, with an
Introduction, by RICHARD GARNETT.

The Christian Year. Thoughts in Verse for the Sundays and
Holy Days throughout the Year. With Miniature Portrait of the
. Rev. J. Keble, after a Drawing by G. Richmond, R.A.

Shakspere’s Works. Complete in Twelve Volumes.

Eighteenth Century Essays. Selected and Edited by AusTin
Dopsox. With a Miniature Frontispiece by R. Caldecott.

Q. Horati Flacei Opera. Edited by F. A. CORNISH, Assistant
Master at Eton. With a Frontispiece after a design by L. Alma
Tadema, etched by Leopold Lowenstam.

Edgar Allan Poe's Poems. With an Essay on his Poetry by
ANDREW LANG, and a Frontispiece by Linley Sambourne.

Shakspere’s Sonnets. Edited by EbwARD DowDEN. With a
Frontispiece etched by Leopold Lowenstam, after the Death
Mask.

English Odes. Selected by EpMunND Gosse. With Frontis-
piece on India paper by Hamo Thornycroft, A.R.A.

Of the Imitation of Christ. By TrHoMmaAs A KeMmMps. A
revised Translation. With Frontispiece on India paper, from a
Design by W. B. Richmond.

Poems: Selected from PeErcy ByssHE SHELLEY. Dedicated to
Lady Shelley. With a Preface by RICHARD GARNETT and a
Miniature Frontispiece.

*«T The above volumes may also be had in a variety of leather bindings.
ARSLOE, Foseph.—Our Railways. Sketches, Historical and

Descriptive. With Practical Information as to Fares and Rates,
etc., and a Chapter on Railway Reform. Crown 8vo, 6s.
PASCAL, Blaise.—The Thoughts of. Translated from the Text of
Auguste Molinier, by C. KEcAN PAuL. Large crown 8vo, with
Frontispiece, printed on hand-made paper, parchment antique, or
cloth, 124 ; vellum, 155

PAUL, Alexander.—Short Parliaments. A History of the National
Demand for frequent General Elections. Small crown 8vo, 3s. 64.

PAUL, C. Kegan.—Biographical Sketches. Printed on hand-made
paper, bound in buckram, Second Edition. Crown 8vo, 75. 64.
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Pulpit Commentary, The—coontinued.

Numbers. By the Rev. R. WinTErBoTHAM, LL.B. With
Homilies by the Rev. Professor W, BINNIE, D.D., Rev, E. S.
ProuT, M.A,, Rev. D. YouNnG, Rev. J. WAITE, and an Intro-
duction by the Rev., TmHomas WHITELAW, M.A. Fourth
Edition. 15

Deuteronomy. By the Rev. W. L. ALEXANDER, D.D. With
Homilies by Rev. C. CLEMANCE, D.D., Rev. J. Orr, B.D.,
Rev. R. M. Epcar, M.A., Rev. D. Davies, M.A, Fourth
edition. 155

doshua. By Rev, J. J. Lias, M.A. With Homilies by Rev.
5. R. ALpripGE, LL.B., Rev. R.. GLovERr, Rev. E. Dk
PrEssENsSE, D.D., Rev, J. WaITE, B.A., Rev. W. F. ADENEY,
M.A.; and an Introduction by the Rev. A. PLuMMER, M.A.
Fifth Edition. 125 6d.

Judges and Ruth. By the Bishop of Bath and Wells, and
Rev. J. Morison, D.D. With Homilies by Rev. A. F. Muir,
M.A., Rev. W. F. ApENEY, M.A,, Rev. W. M. STATHAM, and
Rev. Professor J. THoMSON, M.A. Fourth Edition. 10s, 64.

1 Samuel. By the Very Rev. R. P. SmiTH, D.D. With Homilies
by Rev. DonarLp Frasegr, D.D., Rev. Prof. CHAPMAN, and
Rev. B. DALE. Sixth Edition. 15

1 Kings. By the Rev. JoserH Hanmmonn, LL.B. With Homilies
by the Rev. E. DE PrESSENSE, D.D., Rev. J. WaITE, B.A.,
Rev. A. RowrLanp, LL.B., Rev. J. A. MACDONALD, and Rev.
J. UrQuuArT. Fourth Edition. 135s

1 Chronicles. By the Rev. Prof. P. C. BARKER, M.A., LL.B.
With Homilies by Rev. Prof. J. R. THoasoN, M.A., Rev. R,
Tuck, B.A., Rev. W. CLARKSON, B.A., Revy. F. WHITFIELD,
M.A., and Rev. RICHARD GLOVER, 155,

Ezra, Nehemiah, and Esther. By Rev. Canon G. RAWLINSON,
M.A. With Homilies by Rev. Prof. J. R. THoMsoN, M.A., Rev.
Prof. R. A. Reprorp, LL.B., M.A., Rev. W. 5. LEwis, M.A.,
Rev. J. A. MAcDONALD, Rev. A. MACKENNAL, B.A., Rev. W.
CLARKSON, B.A., Rev. F. HasTtings, Rev. W. DINWIDDIE,
LL.B., Rev. Prof. Rowranps, B.A., Eev. G. Woopn, B.A.,
Rev. Prof. P. C. BARKER, M.A., LL.B., and the Rev. J. S.
ExELL, M.A. Sixth Edition. 1 vol., 125, 64,

Jeremiah. (Vol. 1) By the Rev. T. K. CHEYNE, M.A. With
Homilies by the Rev. W. F. ADENEY, M.A., Rev. A. F. MuIR,
M.A., Rev. 5. Conway, B.A,, Rev. J. WaITE, B.A,, and Rev.
D. Youne, B.A. Second Edition. 155

Jeremiah (Vol. II.) and Lamentations. By Rev. T. K.
CHEYNE, M.A. With Homilies by Rev. Prof. J. R. THoMSON,
M.A.,-Rev. W, F. ApEnEY, M.A., Rev. A, F. Muig, M.A,,
Rev. S. Conway, B.A., Rev. D. Youne, B.A. 155
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RIBOT, Prof. Th.—Heredity: A Psychological Study on its Phenomena,
its Laws, its Causes, and its Consequences. Second Edition,
Large crown 8vo, gs.

HRIMMER, {ﬁﬂiam, M. D.—Art Anatomy. A Portfolio of 81 Plates,
Folio, 70s., nett.

ROBERTSON, The late Rev. F. W., M.4.—Life and Letters of.
Edited by the Rev. STorFoRD BROOKE, M.A.
I. Two vols., uniform with the Sermons, With Steel Portrait,
Crown 8vo, 7s. 6d.
IT. Library Edition, in Demy 8vo, with Portrait. 127,
III. A Popular Edition, in 1 vol. Crown 8vo, 6s.

Sermons. Four Series. Small crown 8vo, 3s. 64. each.

The Human Race, and other Sermons. Preached at Chelten-
ham, Oxford, and Brighton. New and Cheaper Edition, Small
crown 8vo, 3. 6d.

N ntesﬁ?fn Genesis. New and Cheaper Edition. Small erown 8vo,
3:- £

Expository Lectures on St. Paul’s Epistles to the
Corinthians. A New Edition. Small crown 8vo, 5s.
Lectures and Addresses, with other Literary Remains, A New
Edition, Small crown 8vo, 5s.
An Analysis of Tennyson’s ““ In Memoriam.” (Dedicated
by Permission to the Poet-Laureate.) Fcap. 8vo, 2s.
The Education of the Human Race. Translated from the
German of GOTTHOLD EPHRAIM LESSING. Fcap. 8vo, 2s. 64.
The above Works can also be had, bound in half morecco.
*.* A Portrait of the late Rev. F. W. Robertson, mounted for framing,
can be had, 25, 64,

ROMANES, G. ¥.— Mental Evolution in Animals. With a
Posthumous Essay on Instinet by CHARLES DArwiIN, F.R.S.
Demy 8vo, 125,

Rosmini’s Origin of Ideas. Translated from the Fifth Ttalian
Edition of the Nuovo Saggio Sull’ origine delle idee. 3 vols.
Demy 8vo, cloth, 165, each.,

Rosmini’s Psychology. 3 vols. Demy 8vo. [Vol. I. now ready, 16s.

Rosmini’s Philosophical System. Translated, with a Sketch of
the Author’s Life, Bibliography, Introduction, and Notes by
THOoMAS Davipson., Demy 8vo, 16s.

RULE, Martin, M.A.—The Life and Times of St. Anselm,
Archbishop of Canterbury and Primate of the
Britains. 2 vols. Demy 8vo, 325

SAMUEL, Sydney M.—Jewish Life in the East. Small crown
8vo, 3s5. 6d.

SARTORIUS, Ernestine—Three Months in the Soudan. With
11 Full-page Illustrations, Demy 8vo, 145
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STOCK, Lady Gertrude.—Nature's Nursling. A Romance from
Real Life. 3 vols. Crown 8vo.

Stray Papers on Education, and Scenes from School Life. By B. H.
Second Edition. Small crown 8vo, 35 64.

STREATFEILD, Rev. G. 8., M. 4.—Lincolnshire and the Danes.
Large crown 8vo, 7s. 64.

STRECKER-WISLICENUS.—Organic Chemistry. Translatedand
Edited, with Extensive Additions, by W. R. Hobckixsox,
Ph.D., and A. J. GreeNawAY, F.I.C. Second and cheaper
Edition. Demy 8vo, 125. 6d.

Suakin, 1885 ; being a Sketch of the Campaign of this year. By an
Officer who was there. Crown 8vo, §s.

SULLY, Fames, MA.—Pessimism : a History and a Criticism.
Second Edition. Demy 8vo, 14s.

Sunshine and Sea. A Yachting Tour in the Channel and on the
Coast of Brittany. With Frontispiece from a Photograph and 24
Illustrations from sketches by the Author. Crown 8vo.

SUTHERST, Thomas.—Death and Disease Behind the Counter.
Crown 8vo, 15, 64, ; sewed, Is.

SWEDENBORG, Eman.—De Cultu et Amore Dei ubi Agitur
de Telluris ortu, Paradiso et Vivario, tum de Pri-
mogeniti Seuw Adami Nativitate Infantia, et Amore.
Crown 8vo, 6s. A

On the Worship and Love of God. Treating of the Birth
of the Earth, Paradise, and the Abode of Living Creatures.
Translated from the original Latin. Crown 8vo, 7s. 64d.

SYME, David.—Representative Government in England. Iis
Faults and Failures. Second Edition. Large crown 8vo, 6s.

7ACITUS—The Agricola. A Translation., Small crown 8vo, 2. Gd.

TAYLOR, Rev. lsaae.—The Alphabet. An Account of the Origin
and Development of Letters, With numerous Tables and
Facsimiles. 2 vols. Demy Svo, 36s.

TAYLOR, Feremy.—The Marriage Ring. With Preface, Notes,
and Appendices. Edited by FrRaNCIS BURDETT MONEY COUTTS.
Small crown 8vo, 25 64

TAVLOR, Sedley.— Profit Sharing between Capital and
Labour. To which is added a Memorandum on the Industrial
Partnership at the Whitwood Collieries, by ARCHIBALD and
Hexry BrI1GGS, with remarks by SEDLEY TAYLOR. Crown 8vo,
25. 6d.

«“ They Might Have Been Together Till the Last.” An
Essay on Marriage, and the position of Women in England.
Small crown 8vo, 2r.

Thirty Thousand Thoughts. Edited by the Rev. CANON SPENCF,
Rev. J. S. EXELL, and Rev. CHARLES NEIL., 6 vols. Super

royal 8vo.
[Vols. I.-IV. now ready, 16s. each.
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WALLER, Rev. C. B.—continued.

The Bible Record of Creation viewed in its Letter and Spirit.
Two Sermons preached at St. Paul’s Church, Woodford Bridge.

Crown 8vo, 1s. 64,
WALFPOLE, Chas. George.—A. Short History of Ireland from the
Earliest Times to the Union with Great Britain.
‘With 5 Maps and Appendices. Second Edition. Crown 8vo, 6s.

WALSHE, Walter Hayle, M.D.—Dramatic Singing Physiolo-
gically Estimated. Crown 8vo, 35 64.

WARD, William George, Ph.D.—Essays on the Philosophy of
Theism. Edited, with an Introduction, by WILFRID WARD.
2 vols. Demy 8vo, 21,

WARD, Wilfrid.—The Wish to Believe, A Discussion Concern-
ing the Temper of Mind in which a reasonable Man should
undertake Religious Inquiry. Small crown 8vo, ss.

WEDDERBURN, Str David, Bart., M. P.—Life of. Compiled from his

Journals and Writings by his sister, Mrs. E. H. PERCIVAL. With
etched Portrait, and facsimiles of Pencil Sketches. Demy 8vo, 14.

WEDMORE, Frederick.—The Masters of Genre Painting. With
Sixteen Illustrations. Post 8vo, 7s5. 64,

What to Do and How to Do It. A Manual of the Law affecting
the Housing and Sanitary Condition of Londoners, with special
Reference to the Dwellings of the Poor. Issued by the Sanitary
Laws Enforcement Society. Demy 8vo, Is.

WHITE, R. E.—Recollections of Woolwich during the Crimean War
and Indian Mutiny, and of the Ordnance and War Departments ;
together with complete Lists of Past and Present Officials of the
Royal Arsenal, etc. Crown 8vo, 25. 64,

WHITNEY, PFProf. William Dwighit.,— Essentials of English
Grammar, for the Use of Schools. Second Edition. Crown
8vo, 3s. 6d.

WHITWORTH, George Clifford—An Anglo-Indian Dictionary :
a Glossary of Indian Terms used in English, and of such English
or other Non-Indian Terms as have obtained special meanings in
India. Demy 8vo, cloth, 12s.

WILLIAMS, Rowland, D.D.—Psalms, Litanies, Counsels, and
Collects for Devout Persons. Edited by his Widow. New
and Popular Edition. Crown 8vo, 3. 64.

Stray Thoughts from the Note Books of the late
Rowland Williams, D.D. Edited by his Widow. Crown
8vo, 35 6d.

WILSON, Lieut.-Col. C. T.— The Duke of Berwick, Marshal
of France, 1702-1734. Demy 8vo, I5s.

WILSON, Mrs. R. F.—The Christian Brothers. Their Origin and
Work. With a Sketch of the Life of their Founder, the Ven.
JEAN BAPTISTE, de la Salle, Crown 8vo, 6s
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XI. Animal Mechanism : a Treatise on Terrestrial and Aerial Loco-

motion. By Professor E. J. Marey. With 117 Illustrations.
Third Edition. Crown 8vo, 5.

NII. The Doctrine of Descent and Darwinism. By Professor
Sﬂscar Schmidt, With 26 Illustrations, Sixth Edition, Crown
VO, 55

NXIII. The History of the Conflict between Religion and
Science. By J. W. Draper, M.D., LL.D. Nineteenth Edition.
Crown 8vo, 5.

XIV. Fungi : their Nature, Influences, Uses, etc. By M. C. Cooke,
M.D., LL.D. Edited by the Rev. M. J. Berkeley, M.A., F.L.5.

With numerous Illustrations. Third Edition. Crown 8vo, 55.

XV. The Chemical Effects of Light and Photography. By
Dr, Hermann Vogel. Translation thoroughly Revised. With
100 [lustrations. Fourth Edition. Crown 8vo, 5s.

XVI. The Life and Growth of Language. By Professor William
Dwight Whitney. Fourth Edition. Crown 8vo, 5s.

XVII. Money and the Mechanismn of Exchange. By W.
Stanley Jevons, M.A., F.R.S. Sixth Edition. Crown 8vo, 5s.

XVIII. The Nature of Light. With a General Account of Physical
Optics. By Dr. Eugene Lommel. With 188 Illustrations and a
Table of Spectra in Chromo-lithography. Third Edition. Crown
8vo, 55 y

XIX. Animal Parasites and Messmates. By P. J. Van Beneden.
With 83 [llustrations, Third Edition. Crown 8vo, 5s.

XX. Fermentation. By Professor Schiitzenberger, With 28 Illus-
trations. Fourth Edition. Crown 8vo, 5s.

XXI. The Five Senses of Man. By Professor Bernstein. With
g1 Illustrations, Fourth Edition. Crown 8vo, §s.

XXII. The Theory of Sound in its Relation to Music. By Pro.
fessor Pietro Blaserna. With numerous Illustrations. Third
Edition. Crown 8vo, 55,

XXIII. Studies in Spectrum Analysis. By J. Norman Lockyer,
F.R.S. With six photographic Illustrations of Spectra, and
numerous engravings on Wood. Third Edition. Crown 3vo,

6s5. 6d.

XXIV. A History of the Growth of the Steam Engine. By
Professor R. H. Thurston. With numerous Illustrations. Third
Edition., Crown 8vo, 6s. 6d.

XXV. Education as a Science. By Alexander Bain, LL.D, Filth
Edition, Crown 8vo, §s.

XXVI, The Human Species. By Professor A. de Quatrefages. Third
Edition. Crown &vo, 55.
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XLIII. Diseases of the Memory ; An Essay in the Posjtive Psycho-
logy. By Prof. Th. Ribot. Second Edition. Crown 8vo, §s.

XLIV. Man before Metals. By N. Joly, with 148 Illustrations.
Third Edition. Crown 8vo, 5.

XLV. The Science of Politics. By Prof. Sheldon Amos. Third
Edition. Crown 8vo, 5s.

XLVI. Elementary Meteorology. By Robert H. Scott. Third
Edition. With Numerous Illustrations. Crown 8vo, 5s.

XLVII, The Organs of Speech and their Application in the
Formation of Articulate Sounds. By Georg Hermann
Von Meyer. With 47 Woodeuts. Crown 8vo, 55

XLVIII. Fallacies. A View of Logic from the Practical Side. By
Alfred Sidgwick. Crown 8vo, §s.

NLIX. Origin of Cultivated Plants. By Alphonse de Candolle.
Crown 8vo, 55,

L. Jelly-Fish, Star-Fish, and Sea-Urchins.. Being a Research
on Primitive Nervous Systems. By G. J. Romanes., With
Illustrations. Crown 8vo, 5

LI. The Common Sense of the Exact Sciences. By the late
William Kingdon Clifford. Second Edition. With 100 Figures.
Crown 8vo, 55

LII. Physical Expression: Its Modes and Principles. By
Francis Warner, M.D., F.R.C.P. With 50 Illustrations.
Crown 8vo, §s.

LIII. Anthropoid Apes. By Robert Hartmann. With 63 Illustra-
tions. Crown 8vo, 5s. ;

LIV. The Mammalia in their Relation to Primeval Times.
' By Oscar Schmidt. With 51 Woodcuts. Crown 8vo, 55

MILITARY WORKS.

BARRINGTON, Capt. ¥. 7.—England on the Defensive ; or, the
Problem of Invasion Critically Examined. Large crown 8vo,
with Map, 7s. 64.

BRACKENBURY, Col. C. B., R.A.— Military Handbooks for
' Regimental Officers.

I. Military Sketching and Reconnaissance. By Col.
F. ].T:.Jr Hutchison and Major H. G. MacGregor. Fourth
Edition. With 15 Plates. Small crown 8vo, 45.

II. The Elements of Modern Tactics Practically
applied to English Formations. By Lieut.-Col.
Wilkinson Shaw. Fifth Edition. With 25 Plates and
Maps. Small crown 8vo, 9s. :
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AUCHMNUTY, A. C.—Poems of English Heroism : From Brunan-

buu]ﬁ-.‘;n Lucknow ; from Athelstan to Albert, Small crown 8vo,
15

.BARING T Gyl P—The Scheme of Epicurus. A Render-
ing into Englwh Verse of the Unfinished Poem of Lucretius,
entitled *“ De Rerum Naturd.” Feap. 4to, 7s.

BARNES, William.—Poems of Rural Life, in the Dorset

Dialect. New Edition, complete in one vol. Crown 8vo,
8s. b6d.

BAVYNES, Rev. Canon H. R.—Home Songs for Quiet Hours.
Fourth and Cheaper Edition. Fcap. 8vo, cloth, 2s. bd.

BENDALL, Gerard,—Musa Silvestris. 16mo, 1s5. 64d.
BEVINGTON, L. S.—Key Notes. Small crown 8vo, 5s.

BILLSON, €. ¥—The Acharnians of Aristophanes. Crown
8vo, 3s5. 64.

BLUNT, Wilfrid Scawen.— The Wind and the Whirlwind.
Demy 8vo, 1s5. 6d.

The Love Sonnets of Proteus. Fourth Edition, 18mo.
Cloth extra, gilt top, 5s.

BOWEN, H. C., M. 4. —5imple English Poems. English Literature
for Junior Classes. In Four Parts. Parts L., II., and III., 64.
each, and Part IV., 1. Complete, 3s.

BRYANT, W, C.—Poems. Cheap Edition, with Frontispiece. Small
crown 8vo, 3s. Ocd.

CAILLARD, Emma Marie.—Charlotte Corday, and other Poems.
Small crown 8vo, 3s5. 64.

Calderon’s Dramas: the Wonder-Working Magician —Life is a
Dream—the Purgatory of St. Patrick. Translated by DEexis
FLorRENCE MACCARTHY. FPost 8vo, 10s.

Camoens Lusiads. — Portuguese Text, with Translation by J. J.
AUBERTIN. Second Edition. 2 vols. Crown &vo, 12s.

CAMPBELL, Lewis.—Sophocles. The Seven Plays in English Verse,
Crown 8vo, 7+ 6d.

CERVANTES. —Journey to Parnassus. Spanish Text, with Trans-
lation into English Tercets, Preface, and Illustrative Notes, by
JamEes Y. GissoN. Crown 8vo, 125,

Numantia: a Tragedy., Translated from the Spanish, with
Introduction and Notes, by James Y. GissoN. Crown Svo,
printed on hand-made paper, 5s.

Chronicles of Christopher Columbus. A Poem in 12 Cantos.
By M. D. C. Crown 8vo, 75. 6d.
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English Verse. Edited by W. J. Lintox and R. H, Stopnarn,
g vols. Crown 8vo, cloth, 5+ each.

I. CHAUCER TO BURNS.
IT. TRANSLATIONS.
III. Lyrics OF THE NINETEENTH CENTURY,
IV. DRAMATIC SCENES AND CHARACTERS.
V. BALLADS AND ROMANCES,

ENIS.—Gathered Leaves. Small crown 8vo, 35 64,

LEVANS, Anne.—Poems and Music. With Memorial Preface by
ANN THACKERAY RITCHIE. Large crown 8vo, 7.

FERGUSON, Tom.—Ballads and Dreams. Crown 8vo, 5s.
FORSTER, the late Wiliiam.—Midas. Crown 8vo, 5s.
GOODCHILD, Fohn A.—Somnia Medici. Small crown 8vo, 55
GOSSE, Edmund W.—New Poems. Crown 8vo, 7s. 64.
Firdausi in Exile, and other Poems. Elzevir 8vo, gilt top, 6s.
GRINEJEGD, Céff;rif:. Plays fromm English History. Crown
Vo, 7. 5
The Stranger’s Story, and his Poem, The Lament of Love: An
Episode of the Malvern Hills. Small crown 8vo, 25. 64,
GURNEY, Rev. Alfred—The Yision of the Eucharist, and other
Poems. Crown 8vo, 5.
A Christmas Faggot. Small crown 8vo, 5s.

HENRY, Daniel, Funr.—Under a Fool’'s Cap. Songs. Crown 8vo,
cloth, bevelled boards, 5s.

HEVIW0O0D, ¥. C.—Herodias, a Dramatic Poem. New Edition,

Revised. Small crown 8vo, 54,
Antonius. A Dramatic Poem. New Edition, Revised. Small

crown 8vo.

HICKEY, E. H—A Sculptor, ‘and other Poems. Small crown
8vo, 5.

HONEYIWO0D, Patty.—Poems. Dedicated (by permission) to Lord
Wolseley, G.C.B., etc. Small crown 8vo, 2s. 04,

FENKINS, Rev. Canon.—Alfonso Petrucci, Cardinal and Con-
spirator: an Historical Tragedy in Five Acts. Small crown 8vo,
35, 6d.

FOHNSON, Ernle S, W.—Ilaria, and other Poems. Small crown 8vo,
3s. 6d.

KEATS, Fohn.—Poetical Works. Edited by W. T. ARNOLD, Large
erown 8vo, choicely printed on hand-made paper, with Portrait
in eau-forte. Parchment or cloth, 125 ; vellum, 155

KENNEDY, Captain A. W. M, Clark.—Robert the Bruce. A
Poem : Historical and Romantic. With Three Illustrations by
James Faed, Jun. Printed on hand-made paper, parchment,
bevelled boards, crown 8vo, 105 6.
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MORRIS, Lewis—continued,

The Epic of Hades. Presentation Edition. g4to, cloth extra,
gilt leaves, 105, 64.

Songs Unsung. Fourth Edition. Feap. 8vo, 6,

The Lewis Morris Birthday Book. Edited by S. S. Cope-
MAN, with Frontispiece after a Design by the late George R.
Chapman. 32mo, cloth extra, gilt edges, 2s. ; cloth limp, 1s. 6a.

MORSHEAD, E. D. A.—The House of Atreus. Being the
Agamemnon, Libation-Bearers, and Furies of /Eschylus. Trans-
lated into English Verse. Crown 8vo, 7s.

The Suppliant Maidens of Zschylus. Crown 8vo, 35 64.

NOEL, The Hon. Roden. — A Little Child's Monument. Third
Edition. Small crown 8vo, 35, 64.

The Red Flag, and other Poems. New Edition. Small crown
8vo, 65

OBBARD, Constance Mary.—Burley Bells. Small crown 8vo, 3s. 64.

O'HAGAN, Fohn.—The Song of Roland. Translated into English
Verse. New and Cheaper Edition. Crown 8vo, 5s.

PFEIFFER, Emily.—The Rhyme of the Lady of the Rock,
and How it Grew. Second Edition. Small crown 8vo
35. 6d.

Gerard’s Monument, and other Poems, Second Edition.
Crown 8vo, 6s.

Under the Aspens: Lyrical and Dramatic. With Portrait.
Crown 3vo, 6s.

PIATT, 7. ¥.—Idyls and Lyrics of the Ohio Valley. Crown
8vo, 55

PYNE, Evelyn.—The Poet in May. Small crown 8vo.

RAFFALOVICH, Mark André — Cyril and Lionel, and -other
Poems., A volume of Sentimental Studies. Small crown 8vo,
35. 6d.

Rare Poems of the 16th and 17th Centuries. Edited W. J.
LintoN. Crown 8vo, 55

RITOADES, Fames.—The Georgics of Virgil. Translated into
English Verse. Small crown 8vo, 55

Poems. Small crown 8vo, 4+ 6d.

ROBINSON, A. Mary F.—A Handful of Honeysuckle. Fcap.
8vo, 3s5. 6d.

The Growned Hippolytus. Translated from Euripides. With
New Poems, Small crown 8vo, 54
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TAYLOR, Augustus.—Poems. Feap. 8vo, 5s.

TAYLOR, Margaret Scott.—* Boys Together,” and other Poems.
Small crown 8vo, Gs. X:

rﬂc}ﬁﬂr?‘oﬁﬂ? L. M.—The Son of Shelomith. Small crown Svo,
s 35, 6d.

Tﬂﬂffﬂgﬁféﬂﬁ, Dy, 7.—Laurella, and other Poems. Crown S8vo,
5. 6d. :

Forest Songs. Small crown 8vo, 3s5. 64.
The True Tragedy of Rienzi: a Drama. 35 64,
Alcestis : a Dramatic Poem, Extra fcap. 8vo, ss.

ZTYLER, M. C.—Anne Boleyn. A Tragedy in Six Acts, Small
crown &vo, 25. 64,

TYNAN, Katherine.—XLouise de la Valliere, and other Poems.
Small crown 8vo, 3s. 64.

WATTS, Alaric Alfred and Anna Mary Howitt.—Aurora. A Medley
of Verse. Fcap. 8vo, bevelled boards, 5.

WEBSTER, Augusta.—In a Day : a Drama. Small crown 8vo, 25, 64
Disguises : a Drama. Small crown 8vo, 55
Wet Days. Bya Farmer. Small crown 8vo, 6.

WooD, Rev. . H.—Echoes of the Night, and other Poems.
Small crown 8vo, 3s5. 64.

Wordsworth Birthday Book, The. Edited by ADELAIDE and
VioLET WORDSWORTH. 32mo, limp cloth, s, 64. ; cloth extra, 2s.

YOUNGMAN, Thomas George.—Poems. Small crown 8vo, 5s.

YOUNGS, Ella Sharpe.—Paphus, and other Poems. Small crown 8vo,
35 6d.

A Heart's Life, Sarpedon, and other Poems. Small crown
8vo, 35. 6d.

WORKS OF FICTION IN ONE VOLUME.

BANKS, Mrs. ¢G. L.—God’s Providence House. New Edition.
Crown 8vo, 3s. 64.

HUNTER, Hay.—The Crime of Christmas Day. A Tale of the
Latin Quarter. By the Author of “My Ducats and my
Daughter.” 1s.

HUNTER, Hay, and WHYTE, Walter—My Ducats and My
Daughter. New and Cheaper Edition. With Frontispiece.
Crown 8vo, 65

INGELOW, Fean.—OfX the Skelligs: a Novel. With Frontispiece.
Second Edition. Crown 8vo, 6s.
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DAVIES, G. Christopher.—Rambles and Adventures of our

School Field Club. With 4 Illustrations. New and
Lidition. Crown 8vo, 3s. 64. 4 ew and Cheaper

EDMONDS, Herbert.—WWell Spent Lives: a Series of Modern Bio-
graphies. New and Cheaper Edition. Crown 8vo, 35 64.

LEVANS, Mark.—The Story of our Father's Love, tol to Children.

Sixth and Cheaper Edition of Theology for Children, With 4
Illustrations. Fcap. 8vo, 1s. 64.

FOHNSON, Virginia W.—The Catskill Fairies. Illustrated by
Alfred Fredericks, ss.

MAC KENNA, 5. ¥ —Plucky Fellows. A Book for Boys. With
6 Illustrations. Fifth Edition. Crown 8vo, 35 64.

REANEY, Mrs. G. S.—Waking and Working ; or, From Girlhood
: to Womanhood. New and Cheaper Edition. With a Frontis-
piece. Crown 8vo, 3s. 64.

¢ Blessing and Blessed: a Sketch of Girl Life. New and
Cheaper Edition. Crown 8vo, 3s. 64.

Rose Gurney’s Discovery. A Story for Girls. Dedicated to
their Mothers. Crown 8vo, 3. 64.

English Girls: Their Place and Power. With Preface by the
Rev. R, W, Dale. Fourth Edition. Fcap. 8vo, 2s. 64,

Just Anyone, and‘other Stories. Three Illustrations. Royal
16mo, Is. 6d.

Sunbeam Willie, and other Stories. Three Illustrations. Royal
16mo, 15, 64.

Sunshine Jenny, and other Stories. Three Illustrations. Royal
16mo, Is. 6d.

STOCKTON, Frank R.—A. Jolly Fellowship. With 2o Illustra-
tions. Crown 8vo, 5.

STORR, Francis, and TURNER, Hawes.—Canterbury Chimes;
or, Chaucer Tales re-told to Children. With 6 Illustrations from
the Ellesmere Manuscript. Third Editien. Feap. &vo, 3. 6d.

STRETTON, Hesba.—David Lloyd's Last Will. With 4 Illustra-
tions. New Edition. Royal 16mo, 2s. 6d.

Tales from Ariosto Re-told for Children. Bya Lady. With 3
1llustrations. Crown 8vo, 4s. 6d.

WHITAKER, Florence.—Christy’s Inheritance. A London Story.
" Ilustrated. Royal 16mo, 1s. 64,

PFRINTED DY WILLIAM CLOWES AND S0NS, LIMITED, LONDON AND BECCLES.
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