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INTRODUCTION.

§ 1. LirFE.

JEAN-BAPTISTE-PIERRE-ANTOINE DE MONET DE LAMARCK
was born on Aug. 1st, 1744, at Bazantin, a village in Picardy,
now known as the Department of the Somme. He was
the eleventh and youngest child of his parents, and belonged
to a family of nobility which had for generations past been
devoted to military pursuits. A number of his brothers
carried on the family tradition by entering the KFrench
army ; but Jean himself was destined by his father for an
ecclesiastical career, and was entered as a student at the
- Jesuit College at Amiens. Yet he himself had no inclination
to the calling desired by his father; and on the death of
the latter in 1760, he made immediate use of his new liberty
to leave the Jesuit College and join the French army, which
was then in Germany, near the end of the Seven Years’ War.
He bought a horse and rode through France and part of
Germany, until he reached the French lines on the eve of
the Battle of Fissingshausen. He carried with him a letter
of introduction to the colonel of one of the infantry regiments ;
and on the following morning placed himself in a company
of Grenadiers. The battle of Fissingshausen was fought and
lost : the French retreated: all the officers of Lamarck’s
company were killed, and the command fell upon him. His
courage was such that his colonel took him that very evening
to the Field-Marshal, by whom he was appointed an officer.

1 This at least ié the story told by all Lamarck’s biographers, I venture nevertheless

to suggest that it can hardly be accepted in the unquestioning way usually followed.
The story is founded upon Cuvier’s Eloge de M. de Lamarck, and that again is doubtless
b .
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Shortly afterwards Lamarck was promoted to the rank
of lieutenant. Peace being declared, he spent five years in
garrison, first at Toulon, then at Monaco. While at Monaco,
one of his comrades in horseplay lifted him up by the head.
Inflammation of the lymphatic glands of the neck ensued.
- He had to abandon his profession, and proceeded to Paris,
where after some delay a complicated operation was per-
formed, which cured him at the expense of deep and per-
manent scars.! ‘

Lamarck was now thrown upon the world at the age of
22, damaged in health, and with no other resources than a
pension of 400 francs a year. For a year he lived in a garret
in Paris, and earned a living as a clerk in a bank. Then he
entered upon a course of medicine lasting, according to
Bourguin, four years, during part of which time he lived
with his eldest brother in a village near Paris. While in
garrison, Lamarck had already acquired an interest in
botany, and when studying medicine, developed his know- -
ledge of it. It was through this means that he came into
contact with Jean-Jacques Rousseau ; and - the two
philosophers made botanical excursions together. It was
possibly through Rousseau’s influence that Lamarck thought
of devoting himself entirely to music ; but he was dissuaded
by his brother. /Botany, however, absorbed him to such
an extent that he abandoned medicine, and entered upon
a course of botanical study lasting ten years, at the end of
which he pubhshed h1s Flore Frangaise, with a preface by
D/aubenton. ‘

France was now at the zenith of her philosophic career.
Scientific and philosophic subjects were discussed even in
the world of fashionable society : and the publication of
Lamarck’s work, in which also Buffon had assisted, brought

based upon a letter written by Lamarck’s son in 1830, shortly after his death, giving
Cuvier certain biographical particulars, This letter was only published in 1909 :
I have read it, and find in it every disposition towards magnifying Lamarck’s achieve-
ments and enhancing the family glory. I do not wish to throw doubt on a pleasing
story : I merely wish to indicate that it comes from a distinctly biassed source, and
scarcely justifies the confident relation of it hitherto given by Lamarck’s biographers.

1 This is Cuvier’s ncéount, which differs somewhat from that of Lamarck’s son.
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him into immediate fame. In 1779 he was elected into the
~ Academy of Sciences over the head of Descemet.”

Two years later Buffon obtained for Lamarck a commis-
sion from the king to visit a number of foreign botanical
gardens and museums. "In company with Buffon’s son he
travelled through Germany, Hungary and Holland, collecting
rare plants, meeting eminent foreign botanists, and making
notes for the use of the Jardin du Roi at Paris. On his
return in 1782, when he was 38, he still had no salaried
position, but was shortly afterwards appointed keeper of
the Herbarium at the Jardin du Roi, with the wretched
salary of 1000 francs a year. But even this position was
very insecure, and in 1790 its suppression was recommended
by the Comité des Finances to the Assemblée Nationale.
Lamarck published two pamphlets to emphasise the necessity
for continuing the office ; to state his own claims for being
restored to it; and to submit to the Assemblée a general
" scheme for the reorganisation of the Jardin du Roi, by which
it should become of general use to science, the arts and
commerce. ' -

For another two or three years he appears to have held
some botanical position in the Jardin du Roi, or, as it became
about this time, the Jardin des Plantes. But at last, in 1793,
the scheme of reorganisation was carried by the National
Convention, and the Muséum d’ Histoire Naturelle was founded.

There is not much clue to Lamarck’s views on the Revolu-
tion, although it is stated by de Mortillet that the change
of name of the Jardin du Roi was at the instigation of
Lamarck. “There is no doubt, moreover, that Lamarck’s
scheme of reorganisation, written in 1790, was to a great
extent embodied in the scheme actually voted by the Con-
vention three years later: wunder which the Muséum
d’Histoire Naturelle received the constitution which it
still possesses at the present day. Two chairs of zoology
were created : one of which was devoted to mammals, birds,
reptiles and fishes, while the other was devoted to the
“inferior animals” (the insects and worms of Linneceus),
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or, as Michelet called it, l’inccmnu.”/ To the first chair,
Geoffroy Saint-Hilaire was appointed, then a young man of
22. For the second chair, containing the unknown part of
the Animal Kingdom, there were no obviously suitable
candidates. /Lamarck was a botanist of 25 years standing,
~ but the chair of botany had passed to Desfontaine, and
there now seemed nothing suitable remaining for him except
this chair of zoological remnants, to which accordingly he
was appointed at a salary of 2868 livres, 6 sous, 8 deniers.
The record of persons attached to the Musdum d Histoire
Naturelle in 1794 contains the title of his chair: * Lamarck
—fifty years old; married for the second time; wife
enceinte ; six children ; professor of zoology, insects, worms
and microscopic animals.”? Nevertheless! Lamarck passed
the remainder of his life in straitened circumstances: he
married altogether four times, and had seven children.

The collection of invertebrate animals already accumulated
at the Museum was immense, and Lamarck soon found that
his share of the Animal Kingdom included by far the greater
number of all existing species. His knowledge of zoology
was limited to the sphere of conchology, where he had
acquired some information, partly through intercourse with
his friend Bruguiere, and partly through a collection of
shells that he had formed for himself. From the date of
his appointment, however, he practically abandoned botany,
and threw himself fervently into the study of invertebrate
zoology. The results of his researches were published in
seven volumes in his great work Histoire Naturelle des -
Animauz sans vertebres, 1815-1822. Lamarck’s other works
included a number of publications on meteorology, a subject
in which he had taken an interest from early days, when
from his garret window at the top of a high house in Paris,
he could see nothing but the clouds passing by, and lay
speculating on their varied shapes and movements. But,
like Goethe with his Farbenlehre, Lamarck failed on this
subject either to reach any important conclusion or to secure

1 Lamarck, by A. S. Packard, New York, 1801.
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the approval of his contemporaries. He attacked the
chemistry of Lavoisier and Berthollet, which further com-
pleted the discredit in which his -excursions outside biology
involved him. His only remaining great work is the
Philosophie Zoologique, published in 1809, the translation of
which is herewith presented to the public, and to which I
shall confine the remaining sections of my Introduction.
Lamarck died at the end of 1829, ‘at the age of 85. The
end of his life was passed in melancholy circumstances.
During his last ten years, he became totally blind ; this was
due, it was said, to constant strain of eyesight in microscopic
work. But he was faithfully attended by his two daughters,
to one of whom he dictated the final portion of the Animaux
sans vertebres. The scientific world of his time rejected his
theories of transformism ; Cuvier, who was firmly convinced
of the fixity of species, became the most famous and fashion-
able biologist of the time, and Lamarck’s influence was
completely overshadowed. - Arago, in his Histoire de ma
Jeunesse, relates the story of his meeting with Napoleon.
The Emperor was receiving the Members of the Institute
at the Tuileries, and Lamarck attended, carrying with him
his latest work, which happened to be the Philosophie
Zoologique, to present to Napoleon. Napoleon first spoke to
Arago, who had just been elected to the Institute, and then
passed to Lamarck.  Napoleon,” says Arago, ‘ passed
from me to another member of the Institute : a naturalist
famous for his brilliant and important discoveries, M.
Lamarck. The old man presented 1\Ta,poleon with a book.
 “What is this ?’ said the Emperor. ‘Is it your absurd
Meétéorologie with which you are dlsgraomg your old age ?
Write on natural history, and I will receive your works with
pleasure. This volume I only accept out of consideration
for your grey hair. Here!’” and he handed the book to
an aide-de-camp. Lamarck, who had been vainly endeavour-
ing to explain that it was a work on natural history, was
weak enough to burst into tears.
: 1 Lamarck, par G. Revault D’Allonnes, Paris.
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On his death, no permanent grave was provided for him.
His remains were carried to the cemetery of Montparnasse ;
but for some reason no burial lot was obtained. His body
was placed in a trench, cleared out once every five years
for the reception of new bodies. No monument marked the
site : but an unknown hand wrote on the margin of the
register : ““ To the left of M. Dassas.” The position of the
trench is thus known, but Lamarck’s bones have probably
long since been removed, and their identity irretrievably
lost among vast quantities of others thrown together in
the Catacombs of Paris.

§ 2. TuE PHILOSOPHIE ZOOLOGIQUE.

Few names have been so extensively quoted in modern
biological controversies as that of Lamarck; yet of those
who quote him scarcely any have taken the trouble to read
his work. His name has come to be associated almost
exclusively with the doctrine of the inheritance of acquired
characters: the modern upholders of that doctrine are
commonly referred to as neo-Lamarckians, and among those
there are some who look up to Lamarck as the greatest
biological teacher that has ever lived. Partly on these
grounds, and partly on the grounds of the great historical
interest attaching to the work, it has been held desirable to
publish a complete English translation of his famous
philosophical treatise. For it is to be observed that the
Zoological Philosophy, from the purely historical stand-
point, represents .the most advanced philosophical position -
taken up by men of science in the pre-Darwinian era. We
most of us in these days do not believe in the inheritance of
acquired characters; but we all of us believe in evolution.
The Zoological Philosophy was published exactly half a
century before the Origin of Species: and by far its most
outstanding feature is its defence of the theory of the muta-
bility of species against the theory of special creations for
each species, then almost universally current. That inherit-

.
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ance of acquired characters was one of the main factors
supposed by Lamarck to account for that evolution, I do
not wish to deny ; but that the reputation of Lamarck is to
stand or fall by that one theory is a suggestion which can
scarcely be made by anyone who closely studies the present
translation. But to that I shall come shortly.

Before beginning the translation, I had to consider on
what principles I should carry it out.. The style of writing
and the mode of thinking that prevailed a century ago are
radically different from those that prevail at the present day.
As regards the style, Lamarck is lucid but ponderous. His
sentences are of great length, carrying numbers of sub-
ordinate clauses: his language is precise and carefully in
accordance with logical forms. All this is novel and more
.or less disagreeable to modern readers. The formality of his
language soon becomes tedious; we get lost in the relentless
prolixity of his sentences; we do not care a snap for logical
forms. One further characteristic of Lamarck’s style—and
‘this. one unquestionably a vice—is that of redundancy.
Many favourite doctrines are repeated with such insistence,
and in so many different forms, that the student finds the
most abundant ]ustlﬁcatlon for frequent skipping. B

The mode of thought is not less contrasted with modern
modes, than is the style of writing. Every sort of scientific
or literary production is a product of its age, almost as much
as of the individual who attaches his name to them. In
the literature of any period there are current a certain
number of more or less established ideas. Those ideas
circulate through society, undergoing changes but slowly.
Each new book that is issued represents certain of those
ideas in a setting that is perhaps more or less new; and if
1t is an original work, of somewhat rare order, it may even
contain -one or two ideas not previously current in society.
And these ideas, not being previously current, are not
understood ; if they advance at all, they can only do so
slowly. 7 :

Hence the difficulty with which we are confronted on
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plunging into a scientific work of moré than a century
ago. We are suddenly in an entirely new mulieu; for
in science, above all things, the rapidity of advance has
been immense. We find ourselves in the presence not merely
of one or two ideas that are new and therefore difficult to
us; but we are surrounded on all sides by strange and
unfamiliar conceptions, embodied in a language that is
modelled on a scheme we have never heard of. And the
associations which we carry with us from our own age are
often misleading. The difficulty is comparable to that of
learning the elements of a new science or of a new language.

Here then are very substantial and solid reasons to account
for the undoubted fact that Lamarck, although extensively
referred to, is scarcely ever read at the present day. And
these reasons had to be carefully considered in deciding upon
the mode in which the work was to be presented to the
English-reading public. Yet I could not disguise from myself
the fact that the main interest of this translation is historical,
and that any tampering with the text, in the hope of making
it more intelligible, would gravely damage its value from
the historical standpoint. I therefore determined to carry
out what should be in the main an extremely literal trans-
lation, and to leave its natural asperities of thought and
style without softening. On the other hand, I determined
to write by way of introduction a brief précis of the whole
work, stating as far as possible the sum of Lamarck’s doc-
trines in my own words for the use of persons accustomed
to the style of writing and to the mode of thought prevalent
in this twentieth century.

I have said that the translation is extremely literal; yet
it is not absolutely so. I have not hesitated, especially in
the earlier part of the work, to break up some of the longer
sentences, in accordance with modern taste. 1 have even
translated such a word as ‘‘ génération” by  reproduc-
tion,” in all cases where Lamarck meant by the former word
exactly what we mean by the latter. I am aware of course
that the connotations of these two words are not precisely
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the same, and indeed that the more modern word superseded
the older, in correspondence with the growth of a more
correct theory of the process indicated. But as a general
rule, Lamarck does not intend the word “ génération ” to
imply any theory excluded by the word ‘ reproduction ™ :
to translate it by “ generation” would at the present day
carry suggestions which are irrelevant to his issue, and be
more confusing than the name which has now become
familiar. But of course where he does intend it to carry a
connotation, not borne by the word ‘ reproduction,” I have
translated it accordingly. -

Other difficulties arise from the need for expressing the
forgotten concepts of a century ago in a language adapted
for the conveyance of the concepts of to-day. Lamarck’s
concept embodied in the French word distribution long ago
became extinct ; the word itself has since come to be utilised
for a wholly different purpose, with geographical connota-
tions : its extinct meaning has now to be expressed by a
periphrasis or some other single word, intrinsically less suit-
able, but more comprehensible. In other cases, a certain
alliteration in the original has to be sacrificed for the sake
of clearness. It would be impossible to translate * parties
de art ” as ““parts of the art”; for few biologists would
guess what the part of an art might be.

The Zoological Philosophy is divided into three parts, the
first of which is devoted to zoology, the second to physiology,
and the third to psychology, using these three terms in their
modern sense. I shall now proceed without further pre-
liminaries to a description of Lamarck’s doctrines on these
subjects.

§ 3. ZooLoGY.

‘The first doctrine set forth by Lamarck is that animals
in nature are arranged in a “ natural order,” to discover
~ which is the duty of the systematic zoologist. Lamarck
held that if all living species of animals were known, they
“would be found to fall into a linear series, exhibiting a few
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small collateral branches: a characteristic of this series
would be that each species would differ from the neighbouring
- species by gradations so small as to be imperceptible. From
species to species, however, organisation gradually develops,
so that there are conspicuous differences discernible when
- we compare two animals situated at some little distance
from one another in the scale of nature. The scale begins
with Monas and ends with Man : these two infinitely different
creatures being connected by the entire series of animal
species, each one differing from its neighbours only in minute
details. Lamarck attributed the large gaps which appear
in various parts of the scale to undiscovered species; for,
as we shall shortly see, he did not believe that species had
ever become extinct. ‘Between the various orders of birds
or mammals, for instance, there often seems no obvious
connecting link: and the gap between these two classes
themselves is a wide and apparently impassible one. The
discovery at the end of the eighteenth century of Ornitho-
thyncus and Echidna, which possess many of the characters
both of mammals and birds, naturally appeared to Lamarck
strong confirmation of his theory that the gaps existing in
the linear series of animals, merely represent the existence
of living species, hitherto undiscovered, either because
they belong to unexplored lands or to the bottom of the
ocean. Lamarck’s scale of nature was thus to a certain
extent analogous with the modern periodic classification of
the elements. In each case, gaps occur which are liable,
as knowledge advances, to be filled up by new species or
new elements, possessing properties that can be prophesied
in advance..

If there is in reality no hiatus or gap in the progressive
linear series of animals, then, argued Lamarck, there cannot
be any isolated groups of animals, nor is there any objective
justification for breaking up the animal kingdom into classes,
orders, families, genera, etc. In fact, all such classifications
must be purely arbitrary. They may indeed set forth any
portion of the animal series, arranging the species in their
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true order ; and in so far as they do this, they are valid and
useful. But the lines of demarcation between these groups
are regarded by Lamarck as wholly arbitrary. You may,
for instance, take the first hundred species of the scale and
call it Class I.: the second hundred species you may call
Class II.: but you would have been equally justified in
taking the first 120 species and calling them Class I., and
the second 120 Class II. In short, there is no real division
or break in the scale of animal nature.

. i Hence, Lamarck refers to classes, orders, families, genera
as “ parties de I'art,” or devices introduced by art for human
convenience, and not corresponding to anything real in
nature. Yet he regarded these devices as absolutely essential
for introducing order into what would otherwise be a chaotic
jumble.. We are thus forced to adopt either a schematic
“classification or a ‘““ natural ” classification : - the former is
a mere grouping of animals by respect to certain characters
of no fundamental taxonomic importance ; the latter repre-
sents the series of species in their true order, and is only
artificial, says Lamarck, in so.far as it breaks them into
groups. Since such subdivision of the series is a practical
necessity, he held that it is wise to apportion our classes,
orders, etc., in such a way that the gaps in our knowledge
fall between them, and do in fact create apparent groupings
in the animal world. _

- Lamarck then proceeds to trace the essentials of a natural
classification, which shall be in correspondence with the
order of nature. The guiding principle must-be the true
affinities (rapports) between animals. Their contiguity in
the series is to be determined, mainly by the resemblance
existing between their most “ essential ” organs, and to a
lesser degree by the resemblance between less “ essential
systems of organs. By ‘“ essential ” Lamarck means, in the
case of animals, essential to the maintenance of individual
life, and in the case of plants essential to reproduction.
 He says that the most essential system, in the determination
~ of affinities, is the ““ organ of feeling,” or nervous system ;
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after that comes the respiratory system; and third, the
circulatory system. This order of importance is arrived at
in the following way. Starting from the higher extremity
of the animal series, where man is placed, he descends the
series of gradually simplifying animals. One after another,
he finds the different systems of organs dying out: and the
importance of each system is judged by the distance he has
- to travel down the series before that system becomes extincq
Thus the circulatory system extends throughout Lamarck’s
eight highest classes, viz. :—mammals, birds, reptiles, fishes,
molluses, cirrhipedes, annelids and crustaceans, -and there
ends. The respiratory and nervous systems extend through
these and also the two succeeding classes of arachnids and
insects. They are therefore held to be more essential than
the circulatory system. Of these two again, the nervous
system is the more essential, since ““ it has produced the most
exalted of animal faculties, and is necessary to muscular
activity.” I confess it is not obvious why the alimentary
system does not take precedence of all others, for it is
described as extending through the three further classes
of worms, radiarians and polyps, only ending at the in-
fusorians. Since Lamarck (as I shall shortly explain)
believed in an evolution from the simplest to the most com-
plex animals, he naturally assumed that the earliest system
of organs to be developed in the course of that evolution
must be the system most essential to life in the higher animals.
The least essential of the features to be considered in the
determination of affinities are, in his opinion, the external
characters of animals: differences of external characters
are therefore to be used only for the determination of species.
For more fundamental distinctions, more essential characters
are to be considered.

Lamarck found the * productions of nature” commonly
divided into the three kingdoms of animal, vegetable and
mineral. He proposed the abolition of this scheme, and the
substitution of another in which all bodies were to be divided
into organic and inorganic. For the science which deals
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with organic bodies, both Lamarck and Treviranus proposed
the name * biology ” in the year 1802. Lamarck further
commits himself to the statement that all inorganic sub-
stances are derived from the exuvie of living bodies. He
believed that nature originally created only the most
elementary forms of life. These by evolution upwards led
to the animal and plant kingdoms: the decomposition of
these two types of organism gave rise to the third kingdom,
chiefly composed of minerals.

‘He then has to define the difference between ammals and
plants : he finds that ¢rritability, or the power of response to
. external stimuli, is a universal property of animals, and a
property which is invariably lacking in plants.  Mimosa
pudica, the sensitive plant, gives him a certain amount of
trouble, but the apparent exception is explained by an
ingenious though (even for his time) highly speculative
theory. True irritability, characterised by an immediate
contraction on contact with a foreign body, is a property
‘which according to Lamarck is found in some part of every
living animal. -In the second line of differentiation, he
names digestion and the power of locomotion as being charac-
teristic of the great majority of animals and wholly absent
in plants. -

Lamarck sees a new instance of the wisdom of the ““ sub-
lime author of all things” in the arrangements made for
preventing overpopulation of the earth by any one species.
Small animals, though multiplying with great rapidity, are
kept down by an immense mortality, in which they are
involved by the accidents of life, more especially the acci--
dent of being eaten by a larger animal. The larger animals,
which are not liable to serve as food for others, are main-
tained within their proper limits by a low rate of reproduc-
tion. - Man alone might well multiply to cover the surface
of the earth: but he is himself his own executioner; for
with the development of intellect comes the development of
passions, which ever lead to the reduction and.limitation of

his own species. - -
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§ 4. EvovruTION.

The most fundamental purpose of Lamarck’s zoological
work was to controvert the belief in fixity of species. It
was at that time almost universally held that all species
had been created at the beginning of the universe by special
acts of creation. They were thus supposed to be all of
equal antiquity, and to be “ as old as Nature.” They were
supposed further to have subsisted without any sort of
structural change since the moment of their creation.

These propositions Lamarck attacks. He holds that
species can only maintain their constancy of form so long
as their environment remains constant. Any change in the
environment necessitates a corresponding change in the
species. In support of this doctrine, he cites the case of
domesticated animals, and the altered shape which has in
their case followed upon an altered environment : the same
thing is found in cultivated plants. He draws attention
further to the linear series of animals arranged in order of
gradually-increasing complexity, so as to form a continuous
whole, strongly suggesting development. He is far from
wishing to attack the conceptions of theology. If “the
sublime author of the universe ” can create all the different
species by separate acts of creation, so too, says Lamarck,
he can surely create one or two species to begin with, and
confer upon them the power of evolving into the rest.

‘Lamarck held that as long as the environment remained
unaltered, the species living in it might also remain unaltered.
Geoffroy Saint-Hilaire had recently brought from Egypt an
extensive collection of mummified animals of great antiquity:
An examination of these animals revealed the fact that they
were in every respect identical with the existing fauna of
that country ; and this discovery was used as an argument
in favour of the permanent fixity of species. Lamarck’s
position, however, was unaffected by it : for he pointed out
that there was every reason to believe that there had been
no change in the climate and conditions prevailing in Egypt



- EVOLUTION XXXi

‘during the last few thousand years: hence no change need
have been expected in the animals living there. :

‘Lamarck then considers the question whether it is true
that any species have ever become extinct. The evidence
of fossils certainly seems to suggest it, for they exhibit
innumerable forms no longer found among living animals.
Yet Lamarck finds it very difficult to believe that nature
could be so imperfect as to permit of the complete extinction
of any species. He was not wholly emancipated from that
vicious tendency—-of which Plato was the prototype—towards
imagining, that -because a thing was not beautiful, or har-
monious, or otherwise agreeable, it could not be true. Hence
he inferred that, in the case of many fossils of apparently
extinct species, the species would still be found living in
unexplored countries, or on the sea-bottom, or other unknown
regions. He believed furthermore that many of these fossils
had evolved into existing known species; but that the
changes undergone during evolution, in correspondence with
a changing environment, had been so great that the existing
species were no longer recognisable as descendants of the
fossils. . '

If any species have become extinct it is, he said, at all
events only the larger species of land animals, such as
Cuvier’s Palaeotherium, Anoplotherium, Mastodon, etc. : and
their extermination, if a fact, 38 exclusively due to human
agency. But no species of water animals, nor any of the
smaller species of land animals, can possibly have become.
extinct. ‘Lamarck very shrewdly perceived that the. fossils
showing most analogy with living forms are usually the
least ancient. And this strange admixture of good and
bad philosophy then ends in an attack upon the theory of
a general catastrophe in nature—a theory invoked to explain
among other things the divergence of fossils from existing
forms of life. Throughout this part of Lamarck’s work, we
" find much in which his philosophy was several generations
. in advance of his contemporaries, and indeed was not far
- short of our own: mixed with much else in which his
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philosophy was far bebind that taught by many of his greater

contemporaries and forerunners. -

The method by which Lamarck believed evolution to have
been brought about was by the inheritance of minute
variations : and he was altogether opposed to any belief in
- those larger variations which we now call mutations. If
the procedure of nature is attentively examined,” he writes,
“it will be seen that in creating or giving existence to her
productions, she has never acted suddenly or by a single
leap, but has always worked by degrees towards a gradual
and imperceptible development.”” For the explanation of
this belief we have to remember that the current notions of
his time were of the catastrophic type. Species were sup-
posed to.- have been individually created by single and
instantaneous acts: the surface of the earth was likewise
regarded as having been exposed to a series of violent
catastrophes, so that the changes which have visibly enough
come over it were due, not to slow and gradual processes,
but to a succession of sudden large breaks. -

Now those who upheld the standard of uniformitarianism
were inclined to state their position in the most uncom-
promising way. They adduced such maxims as “ Natura
non facit saltum,” and endeavoured to show that evolution
proceeded invariably by minute and imperceptible gradations.
It is possible that they went too far : nevertheless, we have
to remember that they never envisaged the modern problem
of the mutation theory. For them the antithesis was
between catastrophic transformations and transformations
by imperceptible gradations. Even should the doctrine
of Bateson and De Vries be weéll founded, the evolutionists
of a century ago must be held as its ancestors in a direct
line. :

In the same way that uniformitarianism, though a true
principle, was not propounded in precisely correct terms, so
also transformism tended to be asserted in somewhat too
extreme a fashion. By reaction against the doctrine that
species were immutable, the evolutionists of the time under
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-consideration believed in a greater mutability than has been
“found to be the case. Lamarck believed that an alteration
- of the environment would within a few generations effect a
permanent alteration in the structure of a species, Of
this I shall adduce a number of instances in the following
“section. He perceived how easily domestic races evolved
“out of wild species; but he apparently did not know how
easily they also lapsed into the wild state ; nor that varia-
tions, so conspicuous to the eye, are highly unstable and
superficial. By reaction against the doctrine of the per-
" manent stability of species, he adopted an altogether exag-
- gerated view of their instability.. Indeed, his views on this
subject are scarcely consistent: and Sir Ray Lankester
has already urged that his ﬁrst and second laws are
incompatible.

Given the fact of evolution, the question at once arose as
to what are the physical causes of it. Of natural selection
Lamarck had not the slightest conception. . The only passage
that is even remotely suggestive of it, is when he deplores
the inequality of intellectual capacity among men; for
those with higher intellects gain an advantage over the
others, and hence these others, constituting the great
majority, must suffer. He regarded the equalisation of
intellectual capacity as the greatest social reform required.
It is plain how little he guessed at the theory of natural
selection.

‘He held that evolution was due to the co-operation of
two factors. The first and most fundamental was due to
an innate tendency to evolve towards increasing complexity
of structure : this tendency being conferred upon the low-
liest animals at the moment of their spontaneous generation.
I shall describe Lamarck’s opinion as to the physical causes
of the tendency, as also of spontaneous genevation itself, in
a later section dealing with his physiology. For the present,
it suffices to observe that Lamarck believed that various
portions of inorganic matter are constantly being vitalised
or endowed with life by a process of spontaneous generation,

c
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that in this way worms and infusorians come into being,
and that these organisms are at the same moment endowed
with a tendency to evolve, till they ultlmately give rise to
all the higher races of animals,

The second factor, which, according to Lamarck operated
in the evolution of species, is that with which his name has
come to be so closely associated, namely, the inheritance of
acquired characters. This doctrine appears to have been
first enunciated in detail by Lamarck himself : it is natural
therefore, that he should dwell upon it at great length in
the present work. We must, however, recollect that he
looked upon it as subordinate to the main factor, just as
Darwin invoked it as subordinate to natural selection.
His position was far indeed from that occupied, for instance,
by Herbert Spencer in 1852, when some evolutionists en-
deavoured to account for evolution with exclusive reference
to direct action of the environment. I shall deal with this
alleged factor in my next section : for the present I confine
myself to an account of Lamarck’s views of the evolutionary
process.

TLamarck held, then that if it were not for the eﬂ'ects of
environmental influences, the innate tendency to develop
would be the exclusive factor in operation. We should
then see the linear series of animals to be a perfectly regular
and even progress in complexity of organisation from Monas
termo to man. Kach animal born would presumably be
slightly more complex than its parent.. If we could trace
the ancestry of man, we should find as we went backwards
that each individual was to an excessively small degree less
complex than its immediate neighbour, till finally we ended
with the infusorians. All existing animals are on the road
of development from Monas to man, and man’s ancestors
include every existing species of animal. Not only had he
bird, reptile and fish ancestors, but also arachnid, insect,

1 Professor Charles Martins in his introduction to the 1873 reprint of the Philosophie
Zoologique is so intent upon making out a case for inheritance of acquired characters,
that he omits to make any mention whatever of Lamarck’s primary factor. He has
thus helped to perpetuate a common error regarding Lamarck’s views.” . :

R
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worm, starfish, etc., ancestors! He passed through - the
stage of being a scorpion and a spider. He traversed in
turn every known species of insect. He was a tapeworm,
a sea-anemone, a polyp and an amoeba. For myself, I fail
to see how he could have been an intestinal worm when
there were no such things as intestines, or a .lriv’é'r"-'_ﬂuke
when there were no such things as livers. His existence as
a flea must have been precarious, when there was nothing
more substantial to live upon than jelly-fishes, starfishes,
and parasitic worms. Indeed, the doctrine is wholly absurd
the moment it is-consistently thought out. It was to remedy
absurdities of a somewhat different kind that Lamarck in-
vented his factor of use-inheritance : and it is that factor
which he would have at once invoked to expla,m away such
difficulties as I have named.

‘The fact remains however that, leaving aside for the
moment the influence of environment, Lamarck assumed a
perfectly even development to proceed in a straight line
throughout the animal scale: and he assumed that this
development was due to an innate power conferred upon the
lowest of animals at the moment of their spontaneous genera-
tion. Accordingly, one of the longest chapters in the whole
work is devoted to an account of the gradual progress in
organisation observed as we pass along the animal scale.
In point of fact; Lamarck inverts the natural order, and
begins with the highest mammals, proceeding to the lowest
infusorians. = Thus, instead of a gradually increasing com-
plexity, he finds a gradually diminishing complexity, as he
passes along, or as he.calls it a * degradation of organisation.”
That Lamarck should have traversed the series in the wrong
direction is doubtless due to the fact, that from the time
of Aristotle to the time of Lamarck, every systematist,
including even Linnzus, had commenced his classification
with the highest animals and finished it with the lowest.

11 am here alluding to the classification presented in the main work. - This classifica-

~ tion was greatly improved in the * Additions »’ to Part 1., as I shall show later ; and

many of these animals were then referred by Lamarck to collateral branches, off the
main line of development leading to man. ’



xXxVi ' INTRODUCTION

Lamarck was merely following a precedent, of which he
fully realised the inappropriateness. In his own classi-
fication, he strikes out.a new.line, and begins his animal
scale with the simplest existing animals.

The degradation noted by Lamarck as he passed along the
scale from mammals to infusorians is traced throughout the
various systems of organs. The skeleton is lost, on passing
the fishes; the nervous system, on passing the insects;
respiration comes to an end with the radiarians, and so on
with the circulatory, digestive and other systems.  So, too,
the lungs of mammals gradually deteriorate through the birds
to the reptiles and fishes, where they are replaced by “ less
perfect ”’ respiratory organs, in the shape of gills. These
again vanish farther on, and give place to the still more
imperfect system of trachez in the insects and arachnids :
while lower down the scale, respiration is entirely lost;

" The bilateral symmetry which characterises all animals
down to the insects similarly gives way to a radiating shape
in Lamarck’s class of “ radiarians,” and these merge into
amorphous infusoria. Polyps represent the intermediate
state : for they have radiating tentacles around the mouth,
but are not otherwise of definite shape. Nature has, accord-
ing to Lamarck, just started in them that radiating form,
which is carried to its highest perfection in the echinoderms:

A few observations on special points may be made before
I pass on to the subject of use-inheritance. Lamarck, as
we shall see in dealing with his physiology, assumed the
existence of ““ subtle, invisible fluids,” which like spirits.in
the past, and like vital forces or biotic energy in the present,
served to explain anything which remained a mystery before
materialistic methods. They were useful for instance for
explaining the physical origin of the radiating form of cer-
tain animals. “ The subtle surrounding fluids which enter
the alimentary canal are expansive, and must by incessant
repulsion from the centre towards every point of the circum-
ference give rise to this radiating arrangement of the parts.”

In much the same way he explains why birds have feathers
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instead of hair. When a bird flies, it fills its lungs with air
“in order to increase their volume and make itself lighter.”
But the lung being warm causes the air to expand, and
piercing through the lung, penetrate every region of the
body, including the bones and hair. The result of the
- expansion of air within the bird’s hair is to make it blossom
. forth into feathers. Lamarck did not fail to see the diffi-
culties  of his theory. Why have bats not got feathers?
- Because they have a complete diaphragm, which prevents
the swelling and piercing of the lungs. Why then have
flying insects not got feathers ? Each difficulty is met by
Lamarck with unshaken confidence in his hypothesis.
.Lamarck did not believe in spontaneous generation;
except in the most elementary animals, but he held that
among them it is always in progress. Like much else in
his work, this is a deduction based on false premises. All
infusorians, he says, die in cold weather: they are much
too delicate either to survive or to leave any spores or ger-
minal material that could last through a winter. Yet, on
the return of warm weather, we find them swarming mJ
stagnant water and other places: hence they are spon—
taneously generated,
The progress made towards  perfection” of organisa-(
tion as we advance. along the animal scale must be‘
|

understood to mean a progress in the direction of human
organisation. For Lamarck the organisation of man is the
type of perfection; and perfection or imperfection of
organisation is judged by its approach towards or depar-
ture from the human. Lamarck recognised, however, that
a high organisation was characterised by the concentra,-tl
tion of organs and functions in special places, whereas in a
lower organisation they tend to be more generalised through~
out the body. He thus anticipated von Baer’s famous law’
that development proceeds from the homogeneous to thq
heterogeneous, upon which was founded one of the most
important clauses in Spencer’s formula of evolution. -

It must have been quite obvious from the first that the
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kind of evolution above described could not possibly account
for all the varied shapes of existing animals. The series is
full of anomalies. Birds, for instance, are lower in the
scale than mammals. Yet their pectoral muscles and
sternum are developed out of all proportion to their proper
place in the series. Then, again, whales have no legs; yet
legs reappear farther down the series, for birds have them,
and so do many reptiles, not to speak of lower animals.
If evolution was solely as hitherto described, we should
expect legs to vanish gradually as we passed down the
scale ; and having vanished, not to reappear again.

Within a single class, such as reptiles, the same anomaly
is seen. Frogs (for Lamarck included amphibians with
reptiles) breathe by gills when first born: hence they are
inferior to snakes which never have anything but lungs.

Yet snakes have no legs, while frogs have legs: that is to -

say, the lower animal is better off for legs than the higher.
Whence these numerous anomalies ? It is to Lamarck’s
solution of this problem that we must now turn our attention.

§ 5. INHERITANCE OF ACQUIRED CHARACTERS.

Acquired modifications, as distinet from the so-called
spontaneous variations, are of two different kinds. In the
first place, there are those modifications which are due to
the direct action of the environment, without reference to
any active efforts on the part of the organism. Such, for
instance, are various modifications in colour, etc., of the
superficial layer of the body, due to the application of light
or heat: such, again, are mutilations. In the second place,
there are those modifications which arise from the greater
or lesser use of any part, due to some environmental cause,
which requires the organism to exert certain parts to a
greater or lesser extent than the average. This latter type is
referred to as functionally-produced modifications, and their
inheritance is often called use-inheritance. It is this latter
type alone that Lamarck regarded as being a factor in
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organic evolution; he expressly excludes direct action as
an operative cause! But before dealing with Lamarck’s
general views on this subject, I propose to cite a number of
the facts upon which he relied for the proof of his theory.

Domestic races, both of animals and plants, are very
different from the ancestral wild races from which they spring.
When the environment is greatly altered, the structure of
the organism undergoes a corresponding alteration. Take,
for instance, the various races of dogs. They are, according
to Lamarck, all descended from an animal something like a
wolf. They became domesticated by man, and were trans- -
ported by him to different parts of the earth, where the
environment was very different from their natural home.
Accordingly, they underwent modifications in each locality,
which brought them into harmony with the conditions pre-
vailing in that locality. These modifications, being inherited
through many generations, acquired comparative stability ;
. and the new varieties, when imported into a new country.
or great city, would for a long period retain their general
characteristics. These would be further compliea.ted by
inter-breeding, and thus give rise to the many different
varieties with which we are acquainted. So argued Lamarck.

Where an animal does not use its teeth, these dwindle
and disappear. Such, for instance, is the case with right-
whales and ant-eaters, although Geoffroy Saint-Hilaire dis-
covered rudimentary teeth in the foetus of right-whales.
The same applies to birds, where teeth have become still
more completely extinct.

Animals which do not use their eyes, such as moles, after
a time lose the use of that organ either completely or
partially.

* Snakes would be impeded by legs, and have consequently
lost them. Their mode of life requires them to hide in
grass, and to pass through narrow crevices. Hence, urges
Lamarck, their bodies become narrow and long. Long legs
would greatly interfere with their mode of life : short legs
would be incapable of supporting them, since (being reptiles)
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they could not have more than four. Similarly, insects
which do not fly have undergone a degeneration of. the
wings.

Birds, to continue Lamarck’s examples, acquire webbed
feet by constant efforts to swim. In the course of these
efforts, the skin uniting the base of the digits is constantly
on the stretch. It therefore develops, and, in course of
many generations, birds are produced with complete webs.

Other birds perch on trees, and by continual effort to
grasp the branches, develop long hooked claws. Others,
again, feed on water-animals or plants, but have a strong
objection to wetting their bodies. Hence they are constantly
stretching their legs, to keep their bodies above water when
standing in it. After many generations, long legs become
established, without feathers and adapted for standing in
water. For the same reason long necks were developed by
constant stretching. In the case of birds like swans, which
have no objection to swimming on the water, long necks
are established without long legs. .

Where the tongue is much used for reachmg ob]ects in
front, it also lengthens, as in the ant-eater or woodpecker :
where it has to grasp or palpate such objects, it becomes
cleft, as in humming-birds, lizards, and snakes.

Flat fishes normally swim in the vertical plane, with one
eye on each side of their heads. In certain species, however,
the fish desires to come as near as possible to the shore ;
and in the case of a shelving beach, it can approach much
nearer land by turning on to its side and swimming in the
horizontal plane. One eye, being then on the under-surface,
where there is really nothing worth looking at, is perpetually
being strained or twisted round to see what is going on
overhead. Hence, after many generations, it moves bodily
round to the upper side, as in soles, turbots and dabs.

Herbivores are commonly massive because they spend
all their time eating : some, however, such as gazelles, are
liable to be pursued by carnivores, and hence acquire legs
capable of rapid locomotion ; others, such as deer, develop



ACQUIRED CHARACTERS xli

in a similar manner, owing to pursuit by man. All these
creatures are liable to fits of anger, in which they desire to
fight ; but, since neither their legs nor their mouths are
suitable for use as weapons, they are reduced to butting
each other with the crowns of their heads. This causes an
additional flow of fluids to that region, with a deposit of
horny matter : hence the development of horns and antlers.

Giraffes live in barren countries, where the only available
food is in the leaves of trees. By constantly stretching
their necks to reach these leaves, they acquire the strange
conformation characteristic of them. Kangaroos likewise
acquire a powerful pair of hind-legs and tail..

The sloth is drawn upon likewise for an explanation of
its slovenly habits. Originally a dweller on the ground,
and then capable of moving with the ordinary rapidity,
it took to climbing trees, where food was found in such
abundance as to require very little movement. More move-
ment than necessary would be injurious, partly owing to
the heat of the climate in which it lives, and partly because
by sitting still and doing nothing it would run fewer risks
of falling off and hurting itself. By constant disuse of its
locomotive structures, continues Lamarck, it gradually lost
the power of moving on the ground, where it is said to be
able to take not more than fifty steps in a day.

Lamarck even adduces an instance from man himself.
One, Tenon, had recently stated that the intestine of habitual
drunkards is greatly shortened. Now habitual drunkards
(he continues) consume a smaller quantity of solid food than
- ordinary people : there would be less work for their intestine
to do, and a corresponding diminution in its length. Such
are the facts on which Lamarck bases his theory of the
inheritance of functionally-produced modifications.

Now it is quite clear that all these facts can be explained
as easily or more easily on the theory of natural selection,
than on that of the inheritance of acquired characters. If
it is true that rapid moving among trees is dangerous to
sloths, then natural selection would soon ordain that all
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sloths should become ‘inactive. Rash sloths, which moved
about rapidly and hence fell to the ground, would be injured
and more or less incapacitated for reproduction. They
therefore leave no progeny of rash sloths, similar to them-
selves. Cautious sloths, on the other hand, which move
as little as possible, run fewer risks of falling off and getting
hurt ; they are therefore likely to leave progeny, and this
progeny will consist of cautious sloths like their parents.
Thus there is a perpetual tendency for the species to be
recruited from the cautious and prudent sloths, and for the
extinction -of the rash sloths. In course of time, none but
cautious sloths will remain. ' ‘

The case is similar with the giraffe’s neck. In time of
stress, giraffes with unusually long necks will have access to
a better supply of food than giraffes with short necks. The
latter will die out, while the former will survive. On this
assumption, there is no necessity .for any inheritance of
acquired characters. The unusual length of neck is a
spontaneous congenital variation, arising by pure chance ;
it is preserved and inherited.

From the ¢ priori view, there does not seem a great deal
to choose between the theories ; and it was the @ priori view
that was adopted by Lamarck. Many of the known facts of
evolution might be accointed for either by use-inheritance
or by natural selection. If it is true that acquired characters
are inherited, then the giraffe might well have developed his
neck through that agency. The hypothesis fits the facts.
But so also does the hypothesis of special creation; for if
God manufactured the giraffe, neck and all, just as we find
him, we immediately reach the goal of our researches on the
matter. Similarly, again, natural selection is equally satis-
factory as an & prior: hypothesis. If congenital variations
are inherited, and ¢f favourable variations have a real sur-
vival-value for the individual, then natural selection might

. ‘'well have been the true method.
- The fact is, of course, that the above mode of reasoning
is a grave abuse of the deductive method. Few, indeed, are
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the people who are competent to judge of the correct use of
deduction in difficult biological inquiries. It is not enough
to invent a hypothesis, which covers the facts, and then:
- regard it as true without further study. In the present case
the facts are covered by at least three different and mutually-
exclusive hypotheses, special creation, inheritance of acquired
characters and natural selection. The & priort method
breaks down hopelessly, and we must resort to the & posterior:
method. ,

Now, no.one has ever seen or heard of a genuine instance
. of special creation. The doctrine of creation is a pure inven-
tion, fabricated to explain the facts. I think it could very
easily be proved that as a matter of fact it does not afford
the least glimmerings of an explanation of any of the facts ;
but that is by the way. It implies a disruption in nature ;
it is directly and immediately opposed to everything that
we know of natural phenomena ; it has deservedly fallen
to the last'degree of discredit among all who have the slightest
knowledge of the subject. Special creation may be left out
of account, because it is an unknown factor in natural events.
. Inheritance of acquired characters is a hypothesis that
may be dealt with on the same lines. Many are the attacks
which have been levelled against the theory that acquired
characters can be inherited. One of the most famous is
that of Weismann, with his theory of the continuity of the
germ-plasm. The germinal material, or germ-plasm, he
said, is totally separate and cut off from the body-material
or soma-plasm. Hence, he argued, modifications of the
soma during life cannot by any possible means affect the
germ-plasm : there can be no use-inheritance, because there
is no way in the organism by which it could be accomplished.

This again is a pure deduction: and a dangerous one.
It does not follow in biology that because we cannot see
how a thing works, therefore it cannot work. Some physio-
logists indeed do think they see how the soma-plasm may
specifically affect the germ-plasm. But while we remain
in our present ignorance as to the causes of development,



xliv INTRODUCTION

and of the extraordinary and specific influence which the
pituitary, thyroid, reproductive and other glands exert upon
remote parts of the body, and indeed of many other remark-
able correlations existing between apparently disconnected
parts, our empirical knowledge is surely far too slight to
offer any kind of firm basis for a large-reachmg deduction
like that of Weismann.!

The advocates of use-inheritance have in all cases devoted
themselves to proving that it might be the true factor in
evolution : they have then assumed that it 7s the true
factor. Weismann equally has opposed them on the first
ground, denying that it might be the true factor. From
this shifting and dubious morass of argumentation, we may
advisedly transfer our attention to the simple question of
fact and experience. And once on this solid ground we
find that not one single proved genuine instance of use-inheri-
tance has ever at any time been discovered.

I bave not forgotten, indeed, about the guinea-pigs of
Brown-Séquard, and am well acquainted with the numerous
alleged facts brought forward by investigators of all kinds.
Not one of them but is susceptible of some other explanation.
It is difficult to deny that use-inheritance often appears the
easiest and most straightforward method: it is just that
very facility of explanation which gives it such an enormous
hold on untrained minds. Yet the trained biologist will
attach not the slightest importance to that straightforward
and plausible air, for he well knows that nature’s methods
are rarely of the kind that a human bemg regards as simple
or straightforward. ‘In short, all this is simply going back
to the tiresome question as to whether use-inheritance
might happen. We do not want the production of cases in

1 Since the above was printed, I have received advance proofs of Professor MacBride’s
forthcoming work on the Embryology of the Invertebrates, through the courtesy of
Mr. Walter Heape, F.R.S., the general editor of a series of text-books of Embryology
shortly to be published. Professor MacBride suggests that the discovery of hormones
by Professor Starling may afford a clue as toa possible modus operandi of the inheritance
of acquired characters. He quotes Professor Langley to the effect that if an animal
changes its structure in response to a changed environment the hormones produced
by the altered organs will be changed : and these altered hormones circulate in the
blood and bathe the growing and maturing genital cells.
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which use-inheritance might be the factor concerned, for we
are prepared to admit all along that it may be a factor.
What we want is one indubitable instance that it 4s a factor—
one case in which the process takes place under our eyes,
in which use-inheritance is not claimed merely ‘as the miost
‘probable of several rival explanations, but in which it is
obviously the only real and true ‘explanation. Nothing
short of this is of the slightest use for throwing light on the
problem before us.

- Use-inheritance is so plausible a theory, - that if a single
case were brought forward to prove that it is actually a
Pprocess oceurring in nature, it might well be accepted thence-
forward as an important factor in evolution. At present,
the inductive philosopher must not only refuse to accept it ;
he must regard it as being in contradiction to the probabilities
of the case. For the search for supporting facts has now
been long in progress. The theory was suggested by Lamarck
more than a century ago; ‘and in the last half-century it
has been discussed with the greatest detail and publicity.
The fact that no instances have been discovered cannot but
_ suggest, as a reason, that there are none to discover.

The third factor which I named, that of natural selec-
tion, differs profoundly in this respect from the other two.
A priori, it is quite satisfactory: it unquestionably might
explain organic evolution. But we can go much farther:
we know that new races actually do arise by selection ;
we are able to witness the actual process. Hence, selection
-is proved to be a wera causa. Like use-inheritance it is
competent theoretically to account for a great part of the
evolutionary process ; unlike use-inheritance it is not invented
for the occasion, but is-a process which may actually be
observed to take place. _ '

Lamarck committed the error, eminently excusable in
the age in which he lived, of assuming that when he has
formed a theory which will fit the facts, and when he can
think of no other theory which will also fit the facts, then
that theory must be true. I shall adduce an even more
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striking instance of this tendency when I come to deal with
his physiology ; for in physiology it led him to views much
more conspicuously erroneous than it did in zoology; yet
we shall find it still harder to condemn him for this particular
paralogism in physiology, since there are a few physiologists
even at the present day (as I shall show) who are addicted
to false reasoning of a similar kind.

That Lamarck should have believed in the mhentance of
acquired characters was, indeed, almost inevitable. Not
only so, but the invention of this hypothesis was a very
remarkable and honourable achievement. Before a true
theory is discovered, the usual routine is for many hypo-
theses to be invented and tested. The discovery of a true
hypothesis is only effected after the rejection of a multitude
of false hypotheses. The invention of a hypothesis such as
the inheritance of acquired characters required a genius of
no ordinary kind : had it not been for this invention, bic-
logists might not yet have reached a knowledge of the great
importance attaching to the discrimination between acquired
and congenital characters. Consider how the facts must
have presented themselves to Lamarck. He saw that all
progeny possess a structure closely resembling that of their
parents : he saw that when one of the parents possessed some
striking feature, not peculiar to its species, some variation
in short, that variation was very commonly transmitted
to the offspring ; once again, he saw that use or disuse of
any part by an individual affected the structure of that
part in that individual, causing it to increase or diminish
in physical size and capacity, so as to produce a variation
from the normal, not distinguishable by any external examina-
~ tion from the congenital variations. Is it not then perfectly
natural that he should have assumed such acquired variations
to be inheritable ¢ What possible grounds can he have had
for supposing that variations from the normal are of two
utterly different kinds, one of which is capable of being
inherited, while the other is not ? Is not this just one of
those traps which, as Darwin remarked, nature seems to -
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have set up for the express purpose of deceiving investigators,
~and which a pioneer is almost dead certain to fall into ?
Why should it have occurred to Lamarck to inquire whether
the origin of a variation may affect its heritability ¢ In
point of fact it never did occur to him. The problem of
~ inheritance of acquired characters never presented itself to
his mind : he never differentiated them from congenital
variations. There was for him no antithesis- between the
two : the antithesis to use-inheritance was for him special
creation and fixity of species. It was these latter doctrines
that he mainly desired to attack, in the interests of an
evolutionary theory; and he could not understand how
evolution could have occurred without use-inheritance.
But he never had before him the elements of the problem,
as presented to modern minds. Had he lived in modern
times, it is just as likely that he would have been a neo-
Darwinian as a neo-Lamarckian. He saw that structures
were adapted to their functions: hence, he argued, either
~ the structure must create the function, involving special

“creation and design, or else the function must create the
structure, involving inheritance of acquired characters.
When -once the problem is stated in this way, we see that
Lamarck unquestionably chose the less untenable - and
more plausible of the two theories.

How natural this oversight was, is borne in upon us by
the fact that at the present time almost everyone who is
not a biologist holds just the same opinion as Lamarck did,
on hearing the theory stated for the first time. Disbelief
in the inheritance of acquired characters is almost limited
to trained biologists, though among them it is almost universal.
Lamarck then committed an exceedingly natural and par-
donable oversight, when he failed to observe that variations
from the mean specific type are not all on a par, but are of
two wholly different kinds. And it may even be that the
future will determine that the two kinds are not after all
so different as is commonly held. We now believe that
the congenital variations—strictly called variations—are
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spontaneous, while the variations acquired by the action of
the environment during life—strictly called modifications—are
due to the definite influence of surrounding circumstances.
But it is of course merely a fagon de parler to call any variation
spontaneous. A variation must have some cause, and that
cause must be of physico-chemical nature: this is one of
the most fundamental axioms of science. Darwin, when
he spoke of variations as spontaneous, did not mean that
they rose up like a phoenix out of nothing : he meant that
they occurred in a purely fortuitous manner, without any
reference whatever to the preservation either of the species
or of the individual which developed them. - He meant that
they had no purpose or design behind them, and in fact
used the word in opposition to finalism or teleology in the
old sense. Nevertheless, congenital variations must have
some physico-chemical cause, and it yet remains to be
proved that that physico-chemical cause is- of different
character from the cause which produces acquired modifica-
tions. It may indeed be pointed out that modifications
are purposive, or adapted to meet the individual’s special
needs, whereas variations are fortuitous. But the observa-
tion is of no relevance : for natural selection would speedily
extinguish all races where the modifications acquired were
not adapted to the individual’s special needs; moreover,
~ the distinction between purpose and chance is at best a
shallow and subjective one.

It may further be pointed out that the factor causing
an acquired modification acts on a particular organ or tissue,
whereas in a congenital variation it acts upon the undif-
ferentiated protoplasm ‘of the germ. For inheritance to-
take place in the former case, the somatic modification
would have to be conveyed to the germ-plasm, whereas
in the latter case it is impressed there from the first. But
this is merely a repetition of Weismann’s argument that it
is very difficult to see how a somatic modification can affect
the germ-plasm in a corresponding specific sense: it is
difficult to .see, no doubt; but nature’s methods are not
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limited to those that we may easily discern. We do not
at present know the determining factor and immediate
physico-chemical cause of growth and development. We
know only the mediate or more remote causes, such as
nutrition, increased blood-supply, etc. Hence it may quite
well turn out that the immediate cause of an acquired modifi-
cation is of the same nature as that which impresses on the
germ-plasm the tendency towards a specific variation.

If the development of an individual is controlled by the
environmental factors, and if those factors are in the last
analysis of physico-chemical nature, then there seems reason
to suspect that the fundamental difference between a varia-
tion and a modification is not related to any difference in
their aetiology, or in the factors which produce them, but
is dependent almost wholly on the period of the individual’s
life at which these factors operate. If they come into
action after birth or before it in the course of development,
they produce a modification apparently not heritable. If
they come into action before development begins, they
produce a variation which 4s heritable.

Now, if we define the span of an individual’s life as the
period contained between the moment of fertilisation of
the ovum and the moment of death, it is obvious that the
rate of development is exceedingly different at different
periods of this life. Take, for instance, a mammal. While
still in the uterus, it passes through every stage of develop-
ment from the protozoon to its own specific type. Before
it is even born, it has traversed with extreme rapidity and
many short-cuts the various stages passed through in the
course of past evolution by the species to which it belongs.
If therefore we judge of the maturity of an individual, not
by the time elapsed since fertilisation, but by the stage of
development attained at any given moment, it is clear that

a mammal, when born, has already passed through by far
the greater part of its life-journey : its career has already
reached the final stage, and verges on complete maturity.

The remainder of its independent career is doubtless, whe
- d
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measured by time, by far the longer portion : but it is really
a mere lingering over the final stage of maturity : as measured
by development, the animal’s career at the moment of birth
is very near its termination. The various tissues and organs
are set hard in very nearly their final shape : the morpho-
logical polarisation can no longer be altered except in minute
details. Now it is in this developmentally late stage of an
animal’s career that modifications due to environment
are chiefly acquired. How, then, is it to be supposed that -
such modifications should leave a deep organic impress ?

Supposing once more we shift attention from the life of
the individual to the life of the race; and regard a species
as synonymous, not with the mature individuals composing
it, but with the germ-plasm from which they sprout. This
germ-plasm is potentially immortal. Countless millions of
years ago that same germ-plasm which we now carry in our -
bodies was already in existence : but it had not then the
power of budding forth a mammal. It had originally
no power of budding forth anything at all. It was
a protozoon, and perpetuated itself as it still does
by division of the one cell into two. But gradually new
qualities were added to this aboriginal germ-cell. The
daughter-cells were not in all cases completely separated
from their parent, and excrescences came to be formed on
the germ-cell, as the evolution of the metazoa was attained.
It is these excrescences only that are mortal. In the progress
of evolution, the character of the excrescence growing from
the germ-cell has greatly altered; until in some cases it
has assumed the shape of a mammal. But the germ-cell of
the mammal is just the same germ-cell as that which existed
at the outset of evolution. It has innumerable times been
divided in half, and one half has been cast away : but there
has been no other discontinuity either in the individuality
or substance of the cell.

Hence we may regard the germ-cell of a mammal as
having lived and preserved its personality for myriads of
years. During that time it has greatly changed the kind
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of soma that grows upon it : its soma-growing potentialities
have radically altered. These potentialities have been
acquired and modified by intercourse with the environment
through many million years: using the.term environment
in the widest possible sense to denote any kind of physico-
chemical cause that produces variation in the germ-cell.
If now some modification is impressed upon the soma of
any individual, and if that modification does really induce
a corresponding alteration of the germ-plasm, it would appear
that such alteration could only be of infinitesimal extent,
since it is brought into contact with a germ-plasm whose
constitution has been moulded into its present form by
factors which have worked for many million yea.rs An
analogy will make my meaning clear.

Suppose that a bullet was fired from one of the nearest
fixed stars such as o. Centauri directly at the centre of London,
and suppose that it travelled the entire distance in a straight
line. Now, when it is starting its journey, suppose that
a new environmental force operates in such a way as slightly
to deflect the bullet from its course. Suppose that this
variation is so excessively small that after travelling on-
wards for a further quarter of a million miles, it is still only
one inch out of its original course. Yet the total journey
before it is so inconceivably great, that it is easy to calculate
that this minute deflection may cause the bullet, not only
‘to fail striking London, but to miss the Earth altogether.

Now we may compare the career of this bullet through
space with the career of the germ-plasm through time. We
may compare the successive miles accomplished by the
bullet with the successive generations of its parasitic somata.
We may compare the force which deflects it from its course
with the factor that causes a variation in the germ-plasm.
- And the application is at once obvious. Environmental
factors which have been in operation millions of generations
have caused in the germ-cell a great and permanent varia-
tion : environmental factors which have only just come into
operation will influence the germ-cell to an infinitely minute
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extent ; and even the continued operation of those factors
through a long succession of generations will cause the
germ-cell to swerve quite inappreciably from its inherited
career. : B
- I do'not adduce this analogy for the purpose of defending
~ the inheritance of acquired characters: far from it. I
adduce it for the following purpose. We find that the
bodies of animals and plants are adapted to their environ-
ment, and we may affirm that they have been moulded into
their present shape by exposure to the forces of the environ-
ment throughout vast periods of time. We may affirm this
without raising any question of the process by which the
moulding occurs :—whether it is exclusively of an indirect
character (like natural selection), or whether more direct
factors are in operation. In any case the structure of the
organism is an .expression of the sum-total of the forces
which have acted upon the germ-cell, ever since that early
time when it first became differentiated from inorganic
matter. Now an acquired modification, impressed upon the
soma, can affect the germ, if at all, only as one new force,
whose individual effects will surely be totally obscured
amidst the multitude of the older forces. - Yet those effects
may be registered in the hereditary qualities of the germ :
and a gradual repetition of them in the course of innumerable
generations may give rise to a specific and visible variation.
That a functionally-produced modification should so deeply
impress the germ-cell as to leave visible effects on the soma
of the next generation is at present a discredited hypothesis.
Indeed, the direct environmental influence has to be con-
tinued for some little time before it can produce any functional
reaction or modification of the soma at all. A physiological
somatic modification can only be caused by a factor which
operates for an appreciable proportion of the life of the
soma. Now the organism consists of two parts:—of the
newly-developed and ephemeral soma, and of the germ-cell
which has existed from the most extreme antiquity. If
such germ-cell can be affected by direct specific influence,



ACQUIRED - CHARACTERS ' liii

~we may perhaps assume that that influence has likewise
- to be maintained in operation for an appreciable proportion
of the life of the germ : and no proportion would be appreci-
able, at all events among the higher animals, unless it extended
over many thousand somatic generations.

I am fully aware of the hazardous character of such a
speculation. Indeed, it would scarcely be worth mentioning
at all were it not for the suggestion which it involves, that
inheritance of acquired characters, if not entirely fictitious,
is likely to be true only to this extremely mitigated degree.
It suggests, moreover, that the search for evidence would be
more fruitful among protozoa and the lower types of metazoa
than among more complex forms: for incthese primitive
animals the soma (where there is one) is less remote from
the germ : it has travelled a far shorter way on its develop-
mental career. It is indeed among such animals and among
plants that the most plausible cases have been cited. But
until the process can be actually observed to occur in at
least one undoubted instance, use-inheritance must continue
to be regarded as an altogether illegitimate hypothesis, and
to be rigidly excluded from our account of the factors of
organic evolution.’ ' ' ’

§ 6. CLASSIFICATION.

~ In his classification of animals, Lamarck had recourse -to.
two fundamentally different methods. If animals in nature
fall into a linear series, it is obviously a matter of first-rate
importance to ascertain the true order in which the species
are arranged in this series. In so doing, no divisions .or
groups of any kind are needed. All that has to be done is
to determine the position of each species with reference to
other species, and to ascertain the exact point of the series
which must be allotted toit. This is what Lamarck means by -
a distribution géndrale of animals. '
A second important function of his classification is to
draw the lines in the series, which mark off = genera,
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families, orders and classes from one another. This is
what Lamarck calls classification. Since the series represents
an even and regular progress in complexity of organisation,
the selection of the points on the scale where our lines of
demarcation shall be drawn is purely arbitrary : such divisions
have no objective reality. Thus classification, as Lamarck
conceived it, is not a science, but an art: it involves a
question not of truth or error, but merely of convenience.
- Distribution, on the other hand, is a genuine science, not
dependant on our convenience: our attempts at distribu-
tion are either true or false: if true, they correspond to
an order which has actual objective existence.

The word “ classification ”” in modern biology does not
exactly correspond to either of these two terms. We no
longer believe in a linear series of animals: on:the other
“hand, the groupings and divisions which we make among
animals are not regarded as subjective conveniences, but as
objective realities. The entire collection of living animals
is broken up into discontinuous groups: and the gaps
between these groups are not gaps in-our minds, but gaps
in external nature. Hence, modern classification is a true
science. To this extent it resembles Lamarck’s distribution
and differs from his classification. I have allowed myself a
‘certain degree of latitude in-deciding when either of these
words is to be translated by the English “ classification,”
a word that inevitably carries with it to modern readers all
its modern biological connotations.

It remains only to indicate the services which Lamarck
rendered to classification ; and they were undoubtedly very
great. It was certainly unfortunate that he should have
adopted the conception of a linear series. He not only adopts
it, but most energetically defends it :

“Man is condemned to exhaust all possible errors when
he examines any set of facts, before he recognises the truth.
Thus it has been denied that [animals] can really be arranged
in a true series according to their affinities. . . . Several
naturalists have imagined that the affinities among animals
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-may be represented something after the manner of the
different points of a compass. This idea, which some modern
writers think sublime, is clearly a mistake, and is certain to
be dispelled when we have a deeper and wider knowledge of
organisation.”” Yet it is now known to represent the
facts much more nearly than the linear arrangement of
Lamarck.

The first great service of Lamarck to classification was
in establishing the distinction between vertebrates and
invertebrates. Aristotle, indeed, had detected the profound
difference between these two groups: but he had taken as
his standard of differentiation the presence or absence of
blood : a highly defective standard which was not to any
great extent improved by Linnseus. - It was reserved for
Lamarck, in his course of lectures at the Muséum in 1794, to
direct attention to the immense taxonomic importance of
the vertebral column, and to set up that great primary
division of the animal kingdom, which was long regarded
as final. :

The remainder of Lamarck’s achievements in classification
lie within the realm of Invertebrata : for it was with these
animals that his professional work at the Muséum was
exclusively concerned.. ‘At the time when he assumed the
~ task of organising the vast collection of animals accumulated
there, Linnzeus’s classification of invertebrates into insects
and worms was still current. In that same course of lectures -
in 1794, he broke up the class of worms to form four new
classes : molluscs, worms, echinoderms, and polyps. These
divisions had already been suggested by Bruguitre as orders
in the old class of worms. Lamarck did not then touch
Linnaeus’s class of insects, which comprised the whole phylum
of arthropods.

The arrival of Cuvier in Paris in 1795 produced a general
stimulation of biology, from which Lamarck was not slow
to profit. The meduse and other radiating ccelenterates
had been grouped by Linneeus with the molluses, and that
classification was still maintained. Lamarck removed them
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from the molluscs, and combined them with his class of
echinoderms to form the class of radiarians.* E
In 1799 Lamarck removed the crustaceans from among
the insects, and erected them into a separate class. This
innovation was not recognised for some years. In the follow-
ing year he performed a still more remarkable achievement,
in separating the arachnids from the insects, and conferring
class-distinction on them also. Up to the date of publica-
tion of the Philosophie Zoologique, this class had not been
admitted in the work of any other naturalist. Lamarck
further reduced the old class of worms by separating from
them the new class which he called annelids. This important
innovation likewise took some years before it received general
recognition. Lastly, he established the class of infusorians,
as distinet from his previous class of polyps. Lamarck’s
infusorians correspond of course to what we now call Proto-
zoa ; .but there was a good deal of confusion as to what
animals were infusorians and what polyps, owing to deficiency
of observation. Minor improvements in classification were
also numerous. He removed the cirrhipedes, for instance,
from the neighbourhood of annelids and molluses: he
recognised the gastropod affinities of pteropods, ete., etc.:
In the present work, Lamarck gives a list of all genera
known at his time, arranged in their proper order and
classification. The names of the genera are not given in
Latin, but in French; and for a large number of them
Lamarck himself appears to have invented popular names,
based on the scientific names. It has therefore been a
-matter of considerable difficulty to ascertain precisely to
what animals he is alluding in each case. The difficulty is
still further increased by the fact that many of these genera
are no longer recognised : a large proportion of them in
fact are far more allied to what we should call families than

! Professor Packard, who some years ago published in America extremely literal
translations of certain parts of Lamarck’s work, translates radiaires as radiata. “This
is somewhat ambiguous; for Cuvier’s class of radiafa is far wider than Lamarck’s
class of radiaires, and includes infusorians, polyps and many worms. - The correct.
translation is radiarian. 1 preserve the popular style. :
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to modern genera. Lamarck did not intend his list to be
precise, or indeed do more than give a general idea of the
extent of the animal kingdom. Hence his use of trivial
names. In order to find out what animals he meant by
these names, I have in the case of invertebrates referred to
each one in Lamarck’s later work, Animaux sans Vertébres,
second edition, 11 vols., where the French name is almost
always given in conjunction with the Latin name. For
vertebrates I have used Duméril’s Zoologie Analytique,
1806. In a few cases, I have traced the meaning through
Cuvier’s Régne Animal, or through the Encyclopédie Method-
ique, 196 vols., 1782-1832, to which Lamarck himself con-
tributed. Having ascertained to what genus Lamarck
refers, I have translated it by the current English name,
where there is one, so as to preserve the resemblance to the
French original. In other cases, I have employed the Latin
generic name to which Lamarck’s French name was intended
to correspond. As I have already said, it often corresponds
to no genus now recognised, as, for instance, the ““Pongo”;
in other cases it much more resembles a family than a genus.
Readers must not therefore expect to find any precision in
this classification that would satisfy modern standards.
The names are often not precise enough to designate clearly
any particular group, and the groups themselves are often
similarly  vague and undetermined, or even altogether
mythical. As an instance, let me take Lamarck’s genus
“ fasciole,” belonging to the order of *“‘flat worms.” T find
that the generic name which he intended to suggest was
“Fasciola,” and I find further that this was a genus
founded by Linneus, and applied by him to three different
animals, the liver-fluke, a cestode, and a triclad, which he
confused together, on account of a superficial resemblance.

Lamarck’s first class is that of infusorians, with its two
orders of naked and appendiculate infusorians. The former
mainly correspond to our Protozoa: the latter .includes
Cercaria, now known to be a larval form  of trematodes.
Lamarck also regarded the human spermatozoon as. an
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infusorian :—a view which continued to subsist down to the
early researches of Kolliker. '

His second class is that of polyps, the first order of which
is the rotifers : among them he includes Vorticella, which is
a real infusorian. The second order include the polyps, which
form polyparies. This corresponds to a mixture of Hydro-
zoa and Anthozoa with Polyzoa. It includes the sponges
as one genus, a few Algae, including Corallina, an echinoderm,
an arthropod, the ascidian Botryllus, etc. The last genus
of polyps, the genus therefore which Lamarck regarded as
having advanced farthest in development, is the sea-anemone.

Lamarck’s third class are the radiarians, with two orders.
The first order, or soft radiarians, contain all varieties of
coelenterates, except Anthozoa. They are grouped together
on account of their radiating structure, with the medusa as
a type. This order includes also the tunicate Pyrosoma.
The second order of radiarians are the echinoderms. La-
marck includes Sipunculus—a gephyrean—as an echino-
derm, on account of its resemblance to holothurians: and
this classification was still retained as late as 1841 by Forbes
in his British Starfishes. It constitutes Lamarck’s highest
genus of radiarians.

Class IV. contains the worms, divided into three orders
of round worms, bladder-worms, and flat-worms. Among
the latter is included Linguatula (an arthropod), and Fasciola
already mentioned. The round worms are chiefly nematodes,
but include also turbellarians, cestodes, etc., and one genus
“ Scolezz > (the tape-worm’s head). Among the bladder-
worms is placed an animal under the name of bicorne. On
reference to the Amimaux sans Vertébres, 1 find it alluded
to as Ditrachyceros. 1 believe that the separate segments of
tape-worms were referred to under this name, being taken for
independent individuals. At a certain stage, the segments do
sometimes show two horn-like processes.

Class V. contains the insects, divided into much the same
orders as at the present day.! The next higher class, Class

1 There are a few minor inaccuracies, such as the statement that the Hemiptera
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V1., consists of the arachnids, established for the first time
by Lamarck himself. It comprises two orders, the first of
which corresponds to our modern class of arachnids, while
the second (“arachnids with antenne ) includes our
modern myriapods, together with one or two insects such
as the louse and silver-fish.

Class VII. are the crustaceans, divided into the two orders
of those whose eyes are at the end of stalks, and those whose
eyes are sessile. In the next class, that of the annelids,
Lamarck discerns the commencement of a tendency on the
part of nature to abandon the articulatory type in favour
of the vertebrate type. Thus he finds that annelids no
longer have jointed legs, as in the classes immediately pre-
ceding. The class is divided by Lamarck into two orders,
of which the first—the Cryptobranch annelids—is a mixture
of various ill-assorted animals, including a triclad and two
copepods.’ The order includes Lumbricus and Nass : though
curiously enough, in his later and more systematic work,
Lamarck restored Nais to his class of worms, removing it
from the annelids. The second order, the Gymnobranch
annelids, consists of polychaets, with the addition of two
molluses at the end.

Class IX. are the cirrhipedes, with only four known genera.
They are intermediate between the annelids and Class X.
containing the molluses. Lamarck regarded the molluscs
as the highest class of invertebrates. For some time, he
says, Nature had been making preparations for originating
the vertebrate plan of organisation. In the molluscs those
preparations are completed. The articulatory system ac-
cordingly vanishes: and the slow movements of molluscs
are due to the fact that the class is midway on the road of
development from an external to an internal skeleton, and
therefore possesses the advantages of neither. It is to be
noted that Lamarck had a very clear conception of the

have three sete in their sucking-organ. Asa matter of fact they always have four;
though two are often united together, so as to give the appearance of only three.

1The triclad (Planaria) is removed to its proper position in the Animaux sans
Vertébres,
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arthropod type, and if his scheme of classification had
admitted ‘of groups superior to classes, there is no doubt
that he would have combined the insects, arachnids and
crustaceans into one phylum, altogether separate from the
molluses, though the annelids and cirrhipedes are regarded
by him as intermediate forms. ‘

Lamarck divides molluses into two orders of Cephalic and
Acephalic. The latter of course consist mainly of the
modern lamellibranchs. One section of this order, however,
contains the brachiopods, and another section the tunicates,
which he took to be molluscs. Lamarck’s Order II. are the
Cephalic molluses. It is divided into the three sections of
pteropods, gastropods and cephalopods. Nearly half the
animals included by Lamarck under the name of cephalopods,
consist of Foraminifera ; most of the remainder are genuine
cephalopods. One of the Foraminifera, which Lamarck
mistook: for a cephalopod, is Orbulites, which here occurs
for the second time in his animal scale ; for this animal had
already been once named as belonging to the polyps.

These are the main features of Lamarck’s classification of
the invertebrates.  That he should have evolved these ten
classes, with their various orders, out of Linnseus’s insects
and worms is an achievement of no small magnitude. We
now come to the vertebrates, to whose classification Lamarck
never made any contribution. I may therefore rapidly
run through the classification which he here adopts from
what he believed to be the best authority of his time.

Class XI. contains the fishes. They are divided into two
orders of Cartilaginous and Bony fishes; though Lamarck
includes among the Cartilaginous fishes a number of our
modern ganoids and teleosts. This order commences with
the hagfish and lamprey, correctly placed together as cyclo-
stomes : Linnegeus had previously regarded the hagfish as
a worm. The second order of Bony fishes mainly consist of
“ Holobranchs,” or fishes with complete gills. These holo-
branchs are divided into thirty sections, largely determined
by the character and position of the fins, as also by the gills,
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opercula, general shape, etc. This classification has now
been altogether discarded, and the modern subdivisions of the
Fishes are on quite different lines. TLamarck terminates the
class with the ‘“ ophichthians > or ‘‘ snake-fishes,” doubtless
because they seem to come nearest to the next class of reptiles.
The reptiles, Lamarck’s Class XII., are divided by him
into four orders. The first order of ““ Batrachian reptiles
are what we now call amphibians, and are not reptiles at
all. The second order is the snakes, the third lizards, and
the fourth chelonians or tortoises, which apparently Lamarck
regarded as the nearest approach to Birds. The birds to
which Class XIII. is devoted were divided by Lamarck into
the seven orders of Climbers, Birds of Prey, Passeres, Col-
umbee, Gallinaceans, Waders and Palmipeds. The further
subdivisions of these orders are largely dependent on the
character of the beak. The four orders which Lamarck
placed first, and therefore regarded as most primitive or
“ Jeast perfect,” contain birds which depend on their parents
for food, etc., after being hatched. The last three orders,
which he regarded as the highest, contain the birds which
can look after themselves as soon as they are out of the
egg. He thus completely inverted the true significance of
this particular criterion of development ; for we now know -
that it is the most highly evolved animals in which the young
are least capable of looking after themselves. In the case
of man, it is many years before the new individual can reach
a state of independence. -
Following the birds, Lamarck introduces the monotremes,
including Ornithorhyncus and Echidna, as being half-way
between birds and mammals. - His fourteenth, and last class,
contains the mammals, which are divided into the four
orders of exungulate, amphibian, ungulate and unguiculate
mammals. The exungulate are what we call the cetaceans.
" The amphibians comprise the seal, walrus, dugong and
manatee. The ungulates correspond to the modern order
of that name; and the remainder of the mammals are
included among the unguiculates. The sub-divisions of
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this order are not uninteresting. He recognised the families
of edentates, rodents, and Chiroptera, and referred genera
to these families, on the whole with fair accuracy. He also
recognised the marsupials, under the name of Pedimana.
His highest, or “ quadrumanous,” family corresponds to
our Primates. But the remainder of the exunguiculate
mammals are divided into tardigrade, plantigrade and
digitigrade, according to their method of walking. The
tardigrade or slow-walker contains the solitary genus of the
sloth, which Lamarck thus separated from the edentates,
although placing it in contiguity with that group. The
plantigrade and digitigrade mammals are those which walk
respectively on their whole feet, or on their toes. Lamarck
thus had no conception either of the Carnivora or of the
Insectivora. The Carnivora he divides up among the planti-
grades and digitigrades. The Insectivora fall to the family
of plantigrades, with the exception of Galeopithecus, which
he somewhat excusably referred to the Chiroptera. The
anthropoid apes are represented by the  Pongo > and the
“ Orang,” both very vague genera. There were said to be
two species of Orang, the Orang of the Indies, and the Orang
of Angola, the latter no doubt being the Chimpanzee.

It is not quite clear how Lamarck thought that man was
related to the animal scale. Throughout the work he con-
stantly refers to man and animal in antithetical terms. He
did not regard man as an animal, in the same sense as other
animals ; but he perceived that by confining his attention
entirely to a study of structure, man might be classified as
one family of mammals. This family he calls ““ Bimanous,”
and divides into six varieties-—Caucasian, Hyperborean, Mon-
golian, American, Malayan, and Ethiopian or Negro.

It appears highly probable that Lamarck recognised the
common origin of man and other animals, but that he did
not venture to proclaim it. He elaborates a hypothesis as
to how man might have developed, if he were only distinguished
from other animals by his structure and organisation. Ac-
cording to this hypothesis, the evolution of man would be
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due to inheritance of acquired characters. Lamarck supposes
that some race of apes conceived a desire to obtain distant
views over the country, and for that reason contracted the
habit of standing up on their hind legs, to get a better view.
The constant assumption of this posture would, according
to Lamarck, produce suitable modifications of structure,
‘which would be inherited : in course of many generations,
the erect position would become the normal one. The modi-
fications of feet and jaws are accounted for on similar lines.
Lamarck assumes that as the human race became dominant,
it would everywhere be brought in contact with a new
environment, develop new wants, and make efforts for the
satisfaction of these wants. These efforts would result in
corresponding structural alterations, which would be inherited.
Thus, he regards the origin of language as due to the constant
efforts to impart ideas. These efforts, by use-inheritance,
would cause the necessary development of the throat, mouth
~and lips. When once language had been acquired, and
conventional signs agreed upon, man had scattered over the
earth, varieties of the original language had arisen, until
ultimately the existing diversity of languages was attained.
Meanwhile the development of other races of apes would be
hindered by that of man, for man would persecute them and
drive them from the hospitable regions of the earth. But
all this is merely put forward as an hypothesis, to explain
how the structure of man might have been derived from
simian ancestry by ordinary biological laws: but Lamarck
cautiously repudiates at the end any suggestion that he did
arise from simian ancestry.

In his later classification, printed in the *“ Additions” to
Patt I., Lamarck made certain improvements in his classifica-
tion, in the direction of abandoning the linear series. He
held that the animal kingdom originated by spontaneous
generation in two independent roots, the infusorians and
the worms. From the former were derived the polyps and
radiarians alone. The worms, on the other hand, or at
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least the aquatic worms, as opposed to the parasitic worms,

Gordius, for instance,! led straight to the annelids, and

through them to the cirrhipedes and molluses. Other
aquatic worms took to the air and gave rise to the insects
via gnats and mayflies. Insects, adopting solitary habits,

became arachnids; and arachnids, taking once again 'to_,,

water, became crustaceans.

The molluscs, continuing Lamarck’s exposition, led to the
fishes through a regular gradation of other mollusecs still
remaining to be discovered : and the fishes to the reptiles.
The reptiles, he said, were differentiated by environmental
action into two divisions, of which one led to the birds,
via the chelonians or tortoises, and thence to the mono-
tremes ; while the other led to the Amphibian mammals
via the saurians, especially of the crocodile type. Of the
Ampbibian mammals, some took to feeding on grass on the
sea-shore, like the walrus and manatee? and so brought
about the development of the ungulates.” Others, such as
the seal, confined themselves to an animal diet, and thus
led to the unguiculates.

§ 7. PHysioLoay.

On approaching a work of philosophical physiology written
a century ago, the point to which we look with the greatest
interest is the attitude of the writer towards the ancient
problem now bearing the modern name of vitalism. Through-
out last century, controversy was ever returning to that
great and fundamental question as to whether organic pro-
cesses or functions are due exclusively to the ordinary laws
of physics and chemistry, or whether those laws are sup-
plemented by others of a spiritual or non-material character.
When the problem is looked at with an exclusively physio-
logical interest, the opposite schools are referred to as vitalism

! He referred, no doubt, to the free sexual form.

2 This is, of course, a mistaken observation. The walrus is almost or completely
carnivorous, while the manatee feeds exclusively on aquatic plants below the surface
of the water. Neither animal has the habit alleged by Lamarck.

s
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and mechanism. But this physiological question has a far
deeper philosophical interest; and when the problem. is
regarded from that wider point of view, the opposite schools
are those loosely described as spiritualism and materialism.

The method of science is now, and always has been,
exclusively materialistic : that is to say, the sole data of its
investigations are matler and energy; every event, that
receives a scientific explanation, is analysed into some par-
ticular combination of matter and material energy. Now it
happened at the dawn of civilisation that men began to
speculate about the causes of things long before they had
any science or organised knowledge to guide them; long,

- therefore, before there was any possibility of their finding
those causes. In this position the mental craving was met
by the invention of a new kind of entity, different from
matter, and called spirit. All difficulties were immediately
levelled : What causes disease ? An evil demon. Why do
the winds blow ? A spirit is responsible. What is the
origin of the universe ? A god or gods made it ; and so on.
Thus all things received an easy explanation. I need not
recite the oft-told story of the decline of spirits and the rise
of materialism in conjunction with the advance of civilisa-
tion. In no instance did the progress of knowledge reveal
the true existence of any entity apart from matter. One by
one the spirits were driven from the field of explanation : at
the present time they are all but banished from scientific
method, and survive only in extremely mitigated form in
the imaginations of the vulgar.

Nowhere has the struggle been more strenuous than in
the region of physiology. Of all subjects which have excited
the curiosity of man, few are more enthralling, and few more
beset with difficulties, than the causes of the manifestations
of life and movement by which certain portions of matter,
named organisms, are differentiated from inorganic matter.
The difficulty was of course met in olden times by the hypo-
statisation of a new entity, often called the soul, but assuming

a vast variety of different shapes and conditions according
€
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to the fancy of the inventor. There is no longer any reason
to doubt that physiological processes are exclusively material,
like all other processes in the universe ; and that there exists .
no independent entity of this character, as was assumed in
times of ignorance. Nevertheless, so highly complex is the
subject, and so pressing is the demand for some immediate
explanation, that there are still a few physiologists remaining
who invoke spirits to assist them in accounting for certain
phenomena that have yet been scarcely reached by the
rising tide of materialistic science. It is true that they are
not often rash enough to invoke an actual spiritual sub-
stance. They prefer to speak of ““ biotic energy ” or ¢ vital
force ”: that is to say, they invent a spiritual form of
energy, rather than a spiritual form of substance. But
there is no essential difference whatever between the two.!
If they affirm the existence of any kind of vital or spiritual
force, of non-material character, they are inexorably com-
mitted to a belief in souls or some such spiritual bodies.
Notwithstanding their protestations to the contrary, they
have no logical escape from the position. These physio-
logists urge vitalism almost exclusively on the grounds that,
without the assumption of a vital force, it is impossible to
explain certain of the more complex manifestations of
intelligence, voluntary movement, choice, etc. Now it is
but a short time back that even quite simple nervous pro-
cesses, such as reflex action, were impossible to explain by
mechanical or physico-chemical methods. It is now known
that these simple processes are in point of fact of a purely
mechanical nature ; and it is also very widely believed by
the great majority of physiologists that the more complex
cerebral operations are based entirely upon the reflex prin-
ciple, and indeed are nothing more than reflex action,
multiplied and compounded to a high degree of complexity.
So far then from there being any apparent impossibility
about explaining the highest mental manifestations on

1 On this point, v. my article in Bedrock for October, 1912, with the ensuing con-
troversy.
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mechanical principles, those principles would appear, even
at the outset of the discussion, to offer by far the most pro-
bable solution. But, in any case, the argument from impossi-
bility is one that has no weight whatever.

- I take it that one of the chief values of a historical study
such as the present is to establish a comparison between the
methods of the past and the methods of the present, so that
. 'we may know not only where our ancestors failed, but why
they failed, and how we may avoid a similar fate. “ Nur
durch Werden wird das Gewordene erkannt.” In describing
Lamarck’s physiological philosophy, I shall therefore pay
special attention to certain instances of the modern use of
the same type.of argument, which led in his hands to so
miserable a failure.

Lamarck held that three things are necessary for the -
constitution of life. There must be the solid parts of the
organism, the liquid parts, and the ‘ exciting cause” of
“ organic movement.”” The solid and liquid parts require
little illustration. Lamarck describes the solid parts as
being ““ supple ” and “ containing,” and the liquid parts as
‘“ contained.” Life is constituted by organic movements,
or movements of the contained liquids through the containing
solid tissues. The liquids to which he referred were of
course the blood and other visible fluids of the organism.
But in order to maintain this movement an ““ exciting cause
or stimulus was needed, and to this exciting cause we must
pay further attention.

Let me do Lamarck the justice to say that he repudiated
altogether a “ vital principle.” “ The ancient philosophers,”
he says, ¢ felt the necessity for a special exciting cause of
organic movements; but not having sufficiently studied
nature, they sought it beyond her; they imagined a vital
principle, a perishable soul for animals, and even attributed
the same to plants; thus in place of positive knowledge,
which they could not attain from want of observations, they
created mere words to which are attached only vague and
unreal ideas.
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“ Whenever we abandon nature, and give ourselves up to
the fantastic flights of our imagination, we become lost in
vagueness and our efforts culminate only in errors. The
only knowledge that it is possible for us to acquire is and
always will be confined to what we have derived from a
continued study of nature’s laws; beyond nature all is
bewilderment and delusion : such is my belief.”

Lamarck thus affirms the mechanistic position, but he
goes on to say that the * exciting cause” is composed of
two factors, caloric and electricity. These he regarded as
subtle, invisible fluids which penetrate every part of the
organism. Its life is mainly due, he says, to caloric, and
its active movements to the electric fluid, or, in the case
of the more complex, to the galvanic fluid. These fluids
may indeed be somewhat specialised within the organism,
and other subtle invisible fluids may co-operate with them,
but Lamarck looked upon it as quite certain that they
were the chief components of the exciting cause, that en-
dows bodies with life. Now this exciting cause is obviously
analogous to those spiritual factors, which Lamarck is so
careful to exclude. It is descended directly from the
“animal spirits ”’ of more ancient writers, like Galen, and
it has strong vitalistic implications; he goes so far as to
refer to heat, the most important of the subtle, invisible
fluids, as the ‘material soul of living bodies.” Yet we
must remember that the so-called subtle, invisible fluids
were recognised by the physics of Lamarck’s day. When
invoking the aid of these fluids for the explanation of physio-
logical phenomena, he was drawing on what he believed to
be a purely physical source, and he constantly impresses upon
the reader that his explanations are exclusively physico-
chemical. The fact is that physics was at that time
imperfectly differentiated from metaphysics: Lamarck de-
rived his “ exciting cause” from metaphysical elements,
which have since been entirely discarded : and he fell into
a semi-vitalistic mode of explanation, in spite of his desire
to keep free from it. Lamarck comes nearest to the modern
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vitalistic writers when he attempts to describe the physiology
-of the nervous impulse. He attributes it to a “ nervous
fluid,” and this, he says, is no other than electric fluid which
becomes modified and “ animalised ” on entering into the
bodies ‘of the higher animals.

By what reasoning did Lamarck reach this conclusion ?
The facts before him consisted mainly in the rapid trans-
mission of some kind of impulse from or to the brain from
remote regions of the body. Lamarck considers how this
transmission could be accomplished: he passes in review
all possible alternatives : Richerand had refuted the sugges- -
tion that some vibration of the nerves conveyed the mysterious
impulse : there remained only two possible alternatives :
(1) that the impulse should be carried by the visible or-
“ essential >’ fluids of the animal, such as blood and lymph ;
(2) that it should be carried by invisible fluids analogous or
identical with the electric, galvanic and magnetic fluids.
The first alternative is ruled out by many facts: in the
first place no such movement of the visible fluids can be
detected in nervous action : in the second place, the visible
fluids are too gross and heavy to move with the required
velocity, which Lamarck affirms (quite wrongly of course) to
be nearly equal to thatof light : and so on. All conceivable
alternatives being thus ruled out, it follows, says Lamarck,
that the one remaining unrefuted possibility must be the
true explanation : there must be a subtle, invisible fluid of
the character named above. -

Now I wish to point out that this argument is identical
in every particular with that by which Hans Driesch and all
other vitalists of our time prove the existence of a vital force.
Driesch names the argument per exclusionem. Like Lamarck,
he takes three or four conceivable alternatives; though I
need hardly say that the conceivable alternatives of to-day
are radically different from the conceivable alternatives of
a hundred years ago. He then refutes all possible alterna-
tives but one : and thereupon announces that that one (the
vital or spiritual force) is the true explanation, conferring
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upon his argument the title of a ““ proof of vitalism.” Now
this argument per exclustonem is sound, upon one condition
only ; and that is that all possible alternatives have really
been marshalled together at the outset of the argument.
This is a condition which, in the present state of physio-
logy, is entirely impossible to satisfy. It is interesting to
note that, of the various possibilities named by Lamarck,
not one figures in the list of possibilities named by Driesch.
A century has swept them all away, and brought out a
whole series of new possibilities, never dreamt of by Lamarck.
Few students of the history of science can doubt that another
century, or much less (for things move faster now) will
sweep away no less effectively Driesch’s list of possibilities.
In order to name every conceivable mode of explanation of
any phenomenon, it is necessary to know infinitely more
about the conditions of that phenomenon than is at present
possible in any branch of physiology. We have to know
that we have exhausted every possible alternative ; we have
to know that there is nothing more to be known ; and that
is a condition of the most extreme stringency. This argu-
ment, or some attempt at it, has served as proof of every
" kind of erroneous explanation of the universe, and all things
in it, great and small. The ancients vaguely used that
method when they affirmed the existence of animal spirits :
by the same method, Lamarck proved the existence of a
subtle, invisible nervous fluid racing up and down the
nervous system : by this method again, Driesch proves the
existence of a vital force. I challenge anyone to find the
slightest difference between Lamarck’s method of proving
the existence of the nervous fluid, and Driesch’s method of
proving the existence of the vital force. This logical method,
dignified by the name of per exclusionem, is indeed a method
of argument by which nearly all untrained minds, and a
great many trained minds, are wont to establish propositions
they desire, in place of the disagreeable confession of ignorance
or agnosticism. It is at the bottom of every vitalistic theory.
““ Here is a process difficult to explain : it cannot be caused
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this way, or that way, or the other way: hence the only
remaining conceivable explanation must be the true one.”
And then ensues some ridiculous theory, always depending on
a new, mysterious, and invisible agency : it has to be invisible
of course, since no power of microscope or balance can dis-
cover it. Hence we get spirits, animal spirits, souls, subtle
fluids, vital forces and other ““ monstrous products begotten
by the imagination,” as Lamarck himself well calls them
elsewhere. These agencies are in turn relegated to the
sphere of superstition, as science grows. Lamarck claimed
the support of science for the existence of subtle invisible
fluids : science has entirely disposed of them. The nervous
impulse is still not properly explained : and doubtless until
it is, it will continue to be regarded as a suitable playground
for spiritualistic fancies and desires. But year by year
these phantoms find it harder to discover any dark and
unexplored corners of science, where they may obtain a
momentary respite from the ever-advancing tide of material-
istic knowledge.

To do Lamarck justice, his theory was not so outrageous
as is that of the modern vitalists. He invoked a factor,
which he imagined (wrongly no doubt) to be equally instru-
mental in the inorganic world. His subtle fluid was not
invented ad hoc; it was recognised as a real existence by
many physicists of his time. But the modern "vitalists
invent a factor that is wholly and unutterably new to science,
‘and to every branch of knowledge or history.  Their plunge
into the unknown is far wilder and more furious than his.
Their search for a hypothesis has led them to the most remote
regions of primitive superstition ; it has led them to invent
a factor out of hand for the purposes of their own theorisa-
tion—a factor unknown to any branch of science, a factor
unrecorded in any trustworthy history, a factor which breaks
down utterly and immediately under analysis, and lastly a
factor which, so far from explaining the facts it is supposed
to explain, throws over them an impenetrable cloud of
mystery and obscurity.
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Lamarck begins his physiological section with an account
of the distinguishing features between the organic and the
inorganic. He reduces the differences to nine.- An organism
has an individuality of its own : it is necessarily heterogene-
ous: it comprises solid parts and fluid parts : its different
parts are mutually dependent on one another : it undergoes
what we should now term metabolism: it grows, not by
external accumulation of matter, but by “intro-susception”;
it feeds; it reproduces itself; and it dies. None of these
peculiarities, says Lamarck, are exhibited by inorganic
matter. Lamarck’s next task is to differentiate between
animals and plants. The most important distinction, he
says, is that the former. possess irritability, while the latter
do not. By irritability, he means an immediate reaction to
contact of a foreign body : the point of the organism where
the contact occurs, contracts with neighbouring parts : but
upon cessation of the stimulus, the parts are immediately
restored to their former condition, ready to respond again
to any new stimulus. '

Lamarck’s theory of irritability is based upon his theory
of “orgasm.” I have already said that he regarded an
organism as essentially composed of solid and supple “ con-
taining ” parts, through which travel the ° contained ™
visible fluids. Now the solid and supple parts were regarded
by Lamarck as being permanently in a state of distention,
due to the presence within them of caloric and other subtle
invisible fluids. These fluids were “ expansive”; so that
the supple parts to which they had penetrated were thrown
into a condition of distention, or, as Lamarck calls -it,
“orgasm.” When very intense, the orgasm gives rise to
erethism : when insufficiently intense, to atony.

From his theory of orgasm, naturally flowed his theory of
irritability. On contact of a foreign body, the subtle invisible
fluids are promptly dispersed in the neighbourhood of the
point touched. The orgasm or distention is relieved, and
the parts concerned immediately collapse or contract. On
cessation of the stimulus, the subtle fluids promptly suffuse
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once more the part in question, and restore to it its orgasm
and readiness for a new contraction on application of a new
stimulus.

Lamarck regarded life as synonymous with ‘‘ vital move-
ments,” that is to say, with the movements of the visible
contained fluids through the supple containing parts. The
function of the “ exciting cause ”’ is purely to keep the fluids
moving, though exactly how it does this is left unexplained.
But the entire phenomena of life, its origin, development,
and evolution, are attributed by Lamarck to the movement
of the fluids through the solids, under the mysterious influence
of the exciting cause.

As regards the origin of life, Lamarck held that it came
about in this way : gelatinous or mucilaginous particles are
lying about in nature : it happens that some of these consist
of solid and fluid parts, and are in all other respects fitted
for the reception of life; thereupon the subtle invisible
fluids, which he imagined to be spread everywhere over the
surface of the earth penetrated these particles, and acted as
the ““ exciting cause ” which starts the visible fluids moving
through the supple solid parts: and that is the commence-
ment of life. The particles of gelatinous character become
primitive animals ; those of mucilaginous character become
primitive plants.

When once the fluids begin to move, they soon create hollow
spaces or “cells” within the solid matter; and Lamarck
very warmly defended the theory that all organic matter is
. either cellular or the product of cells. In this respect he
entirely anticipated Schwann; unfortunately his cellular-
theory was mixed up with too many crudities to secure
the scientific approval of his time. This is but one instance
of many in which Lamarck anticipated the knowledge of
a future age.

Lamarek, havmg accounted for the origin of life by
means of the ““ vital movement > of the visible or essential
fluids, proceeds to account for development on the same
principle. The fluids carve out canals and hollows of all
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kinds: whence we get the various vessels and cavities of
the interior. Moreover, ‘they deposit certain substances,
formed within them. These deposited substances begin to
accumulate in special places, giving rise to the formation of
organs. . , ,

Lamarck held that spontaneous generation took place in
the way described above. He held that it still continues to
take place, wherever there happens to be lying about a
- particle of matter of gelatinous or mucilaginous consistency,
suitable for vitalization by the ubiquitous invisible fluids. He
held that the organisms at the beginning of the animal and
vegetable scales are produced by spontaneous generation,
which as regards animals he was at first inclined to limit to the
infusorians, but subsequently extended to the worms. At first
the reproduction was by buds or gemms ; subsequently it
became sexual. Lamarck regarded sexual fertilisation not as
the initiating point of development, but as a preliminary opera- .
tion by which a gelatinous or mucilaginous particle of matter
was rendered fit for the reception of life. He considered that
it did not even confer life : the unfertilised ovum was not a
living thing, nor capable of * possessing life”’: after fer-
tilisation, it was still not living, though now it had become
fit for life. Life itself, he believed, was conferred by the
subsequent application of a gentle warmth of the nature of
incubation. This view naturally follows from the identifica-
tion of life with a movement of the contained fluids.

It is not clear how Lamarck supposed that fertilisation
prepared the ovum for the reception of life. He conceived
- that fertilisation consisted in the emanation of a ‘‘ subtle
penetrating vapour ” which escaped from the sperm and
penetrated the ovum. This “invisible flame or subtle and
expansive vapour ”’ was the ““ aura vitalis,” which Spallanzani
had long previously disproved. Spallanzani clothed a male
frog during cohabitation in a pair of trousers through which
subtle penetrating vapours could pass, but no organic matter :
no fertilisation was found to ensue. Spallanzani thus com-
pletely proved the materiality of the process of sexual
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reproduction, and Lamarck’s revival of the ‘ aura vitalis”
or semi-spiritual theory constitutes a grave indictment of
his scientific judgment. It is possible, however, that he
was not aware of Spallanzani’s experiment, though he
mentions that savant in another connection.

Lamarck’s chemistry was that which prevailed before
Dalton had formulated the Atomic theory, and is con-
sequently by no means easy for a modern reader to
understand. It is enough, however, to observe that he
regarded the sum-total of living things as being (as indeed
they are) an immense and ever-active laboratory. He held
that all substances, organic and inorganic, were the produce
of organisms. In their bodies, he says, are elaborated all
known complex substances ; from their decomposing remains
spring all inorganic and mineral substances. How the first
gelatinous or mucilaginous corpuscle came to be lying about,
when there was nothing for it to lie about on, is unexplained :
but perhaps it is unfair to approach too nearly to first causes.

The subtle invisible fluids which become the * exciting
cause ”’ of life, and hence of chemical synthesis in organic
matter, bebave in. exactly the opposite way in inorganic
matter which they ever tend to decompose into its elements

“ principles.” Lamarck’s theory as to the causes of
death is not without interest. The solid parts of the organism
- .are composed of various substances, and are subject to a
constant metabolism. In the course of katabolism, the less
solid and more volatile parts would be given off most freely.
In anabolism, the new substances brought would be only of
the average consistency. Since the most volatile parts are
thus constantly being replaced by less volatile parts, the
substance of the organism tends to an increasing rigidity
.and hardness; it can support only a diminished distention
from orgasm, and finally becomes 1ncapable of the further
‘maintenance of life.

The rest of Lamarck’s physiology is of no special interest.
‘He held that there are certain ‘‘ faculties ”’ common to all
living bodies, such as growth, nutrition, reproduction ; and
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that there are others limited to some living bodies only, such
as respiration, circilation, sexual reproduction, intelligence,
etc. Hach of these “ faculties” begins at a certain point
in the animal scale. Subsequent to that point it develops
with tolerable regularity in its progress towards perfection ;
anterior to that point it is completely wanting.

§ 8. PsycHoLoGY.

Of the various philosophical questions agitated among the
group of materialists in the latter half of the eighteenth cen-
tury, none occurred more frequently than this : ““ Can matter
think 2> A man is made of matter; a man can think :
hence matter must be able to think. A syllogism of this kind
was at the basis of the question. Yet it was found very hard
to admit that matter can think. The question was mainly
agitated among the men of science and the materialistic
philosophers : the spiritualistic philosophers got out of the
difficulty by inventing a new entity, to which they gave the
name of soul, spirit or mind, and saying that it is this entity
which thinks. .

Of course, by this facile method, there need never remain
any difficulty in any possible sphere of inquiry. All things
are susceptible of ‘‘explanation’” by the invention of a
factitious entity of non-material qualities. Lamarck, how-
ever, knew too much to slide out of the dfficulty by such
discredited methods. Holding his views, it was inevitable
that one of his earliest psychological problems must have
been the old question: “ Can matter think ¢?” He put it
squarely to himself, and decided that matter did not think ;
thought was only an “ effect.”” Although probably the whole
subject remained rather vague in his mind, as it is in his
writings, he scarcely could have got farther in his time. ‘

Lamarck’s psychology is of the kind that is spoken of at
the present day as physiological psychology. He did not
indeed employ the experimental method introduced by Helm-
boltz, Fechner and Wundt; but he based his psychology
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on such knowledge as he possessed of the physiology of the
nervous system. Doubtless that knowledge was scanty and
-almost evanescent: even in our time physiology is only
just beginning to reach a development sufficient for the
foundation of a thoroughly scientific psychology. Lamarck
went far in the direction of materialism, though the
imperfect physiology of his day led him into a materialism
almost as crude as was the spiritualism of his day. He
denied the existence of the “ peculiar entity called mind ”
(esprit). ““In this factitious entity,” he continues, ““ which
is not like anything else in nature, I see a mere invention for
the purpose of resolving the difficulties that follow from
inadequate knowledge of the laws of nature.” Mental mani-
festations are simply effects” of cerebral processes, not
manifestations of a separate entity. He could hardly have
expressed it better. The whole of Lamarck’s psychology is
thus reduced to an investigation of the physical or cerebral
processes which are correlated with mental processes.

So far, Lamarck’s method is admirable. His classification
of the functions of the nervous system is also excellent: he
says there are four: (1) the production of muscular move-
ment, (2) of sensation, (8) of emotion, (4) of intellect; a
classification which is obviously in close correspondence with
the modern tripartite division of mind. More especially.is
he to be praised for the prominence which he gives to emo-
tion :—the importance of which has always been grotesquely
- underestimated or altogether overlooked by the metaphysical
schools of psychology.

But, having said so much, I have said about all that can
be said for Lamarck’s psychology. He wished to base his
psychology on the physiology of the nervous system: and
so far he was right. But his knowledge of that physiology
was worse than non-existent : his ideas on the subject were
- extensively and radically erroneous; the greater part of his
positive statements are altogether untrue.

Lamarck held that the nervous system consisted of three
kinds of substance, the medullary pulp, the aponeurotic



Ixxviii _ INTRODUCTION

investment, and the nervous fluid. The medullary pulp cor-
responds to the grey and white matter of the brain and
spinal cord, and the nervous tissue generally ; all he says
says about it is that it consists of an “ albumino-gelatinous ”’
substance. The aponeurotic investment is, I suppose, the
pia mater. But the entire body of Lamarck’s psychology is
based on the assumption of the existence of the third kind
of substance, namely the nervous fluid, which, as I have
already said, was electric fluid supposed to become modified
and ‘ animalised >’ on entering into the bodies of the higher
animals. The main result of this animalisation is apparently
that, instead of being uncontainable, and free to permeate
the whole of the animal’s body, it becomes containable ;
that is to say, there are certain tissues that it cannot traverse,
and the most important of such tissues is the aponeurotic
investment in ‘which the entire medullary pulp is enclosed.
It can, however, still move rapidly within the medullary
pulp itself, without needing any visible channels. The
nervous fluid is thus encased within the aponeurotic invest-
ment of the nervous system : it precisely corresponds to the
“ animal spirits > of the ancients.

Lamarck held that in animals more primitive than insects
any nervous system which might exist had no other function
than that of exciting muscular movement. The system, he
imagined, then consisted of isolated ganglia, from which
nerves travelled to the muscles. He attributed the origin
of nerves to the expansive efforts of the nervous fluid within
the ganglia ; long nervous threads being thus thrust out by
the nervous fluid in its efforts to escape. In the insects
according to his view, the nervous system became sufficiently
integrated to endow the animal with feeling or sensation.
But it is not until we reach the lowest vertebrates, that is
to say, the fishes, that any kind of intellectual operation or
intelligent activity can be carried out. The existence of
sensation begins when the nervous system is united into one,
with a “main medullary mass” and a common nucleus
(foyer) for all the afferent nerves. The existence of intelli-
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gence begins with the appearance of the cerebral hemispheres.
Lamarck cites direct introspection as evidence that thought,
etc., takes place in the anterior region of the hemispheres.

In dealing with the force in animals which confers upon
them the power of activity, Lamarck finds that it has two
distinet sources. In animals that have no nervous system,
the activating power is stated to be the subtle fluids of the
environment, notably caloric and electricity. These keep
the visible or “ essential” fluids in motion, and entirely
dispense with any need for a nervous system to excite activity.
But Lamarck, influenced no doubt by Descartes, believed
that all such animals were pure machines, that had no feeling,
and were fatally driven by their environment into one or
other form of activity. They had no muscular system, but
only possessed irritability, aroused by contact with an external
object. As nervous and muscular systems were acquired,
however, the source of their motion gradually ceased to
be the subtle fluids of the environment, and the nervous
fluid was substituted for them. .

In this second form of activity, therefore, Lamarck speaks
of nature as having transferred the source of motion from
being outside the animal, to within it. He held that there
was a central  reservoir >’ of the nervous fluid ; and that
when any muscles were to be acted upon, the process con-
sisted in the simple despatch of nervous fluid from the
reservoir down the nerve which led to the muscle in question.
When the muscular contraction was no longer desired,
the nervous fluid returned to the reservoir by a natural
recoil,

Lamarck next had to consider by what physical processes
the reservoir could issue some of its fluid to the correct
muscles. He says it is by means of “ emotions ” : and that
the emotions again are due either to sensation or to thought,
to physical sensibility or to moral sensibility. We are thus
brought face to face with Lamarck’s curious theory of the
physical aspects of sensation, emotion, and thought ; which
I shall now endeavour to indicate.



Ixxx INTRODUCTION

In addition to the reservoir of nervous fluid already men-
tioned, Lamarck imagined a nucleus (foyer) at which all the
afferent nerves meet. It is to be understood that he con-
sidered what we should now call the afferent and efferent
portions of the nervous system to be two entirely distinct
systems, though with a channel of communication for the
passage of nervous fluid between them. The efferent nerves
issued from their common reservoir; the afferent nerves
terminated in a common nucleus, situated, he believed, in the
medulla oblongata. The relation between the nucleus and

- the reservoir is nowhere definitely stated.

Lamarck’s idea of sensation, then, was as follows: some
stimulus affects a nerve-ending in some part of the body ;
say the stimulus of contact by some foreign body. The
nervous fluid at the termination of the nerve affected is
immediately thrown into agitation ; and this agitation travels
up the nerve till it reaches the nucleus. Thereupon it is
propagated through the nucleus into every other sensitive
or afferent nerve in the body. The disturbance is carried
down all these nerves to their endings; it then recoils and
returns along them till once more it arrives at the nucleus.
Hence there is a simultaneous reaction upon the nucleus by
all the afferent nerves, save that which brought in the original
agitation. Tbis nerve alone remains passive, while the rest
are undergoing the action and reaction of the disturbance
which it aroused. Hence when the reaction reaches the
nucleus, and thus throws it for the second time into agitation,
the entire effect of that second agitation is concentrated on
the single nerve, which alone had not reacted because it
brought the original impression. The agitation now travels
back along that nerve to its ending, where the original
stimulus was applied. Hence the location of sensation at
the point of the body first stimulated : but such localisation
is regarded by Lamarck as an illusion, for sensation is a
general effect depending upon an agitation throughout every
portion of the sensitive system, and not upon processes
occurring in any single part of that system. It is worth
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noting that Lamarck presumed the quantity of sensation to
be proportional to the strength of the stimulus, and thus at
“all events formulated one of the greatest problems of physio-
logical psychology in later times. It is now known that the
presumption is incorrect. It is more accurate to say that
the quantity of sensation is proportional to the logarithm of
the stimulus, but even this is only a very rough approxima-
tion, and the latest researches tend to limit more and more
the sphere of application of the law. When Lamarck speaks
of feeling, he means sensation, not emotion.

Coming now to emotions, Lamarck postulated for their
explanation the existence of an entity which he variously
calls the “ feeling of existence,” the * inner feeling,” the
“moi > or ego. Even so close a student as Professor Packard
seems doubtful what Lamarck meant by this “feeling.”
It is stated to be due to the summation of a large number of
indefinite sensations reaching the nucleus from all parts of
the body: the summation of these stimuli, individually
very weak, gives rise to an ““inner feeling ”’ of appreciable
magnitude. An emotion was understood by Lamarck to be
an affection or condition of this inner feeling, and he usually
speaks of it as an “ emotion of the inner feeling.”

I cannot resist from drawing attention once more to that
constantly alluring temptation to explain difficulties by the
manufacture of a psychical entity. Lamarck fails to under-
stand what an emotion is: he therefore invents an ‘‘inner
feeling ” and affirms that emotion is a special state of this
entity. I am far indeed from wishing to raise the question
of the true existence of an “inner feeling,” which has been
defended by William James and many other psychologists.
But unquestionably it has no such peculiar relation to the
emotions as that alleged by Lamarck, and for which purpose
he invented it. An emotion is not rendered more intelligible
by being regarded as a special state of some psychical entity.
The point is exactly analogous to the postulate of ““ mind ”
as a special entity, in modern psychology. We are ac-
quainted with various mental processes, such as emotions,
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perceptions, reasoning, memory, will, etc...We cannot
straight away explain them ; and hence we immediately postu-
late an entity called  mind,” of which they are special states.
To the physiologist, the additional entity merely cumbers
the ground : it explains nothing : it stands in the way of
true - physiological explanations of those “ mental pro-
cessés ' : and, worst perhaps of all, it litters up the whole
subject with a false system of terminology. The very name
“mental process,” which I am compelled to use, implies a
process of an entity called mind, whose existence I am
compelled to deny. When once false ideas become current
in any subject, the terminology of that subject becomes -
correspondingly false. The false ideas become frozen into
a permanent language : and their displacement is far more
difficult than in a fluid condition.

The influence of language upon thought is largely, I should
suppose, in the direction which it inevitably gives to the
attention of the student. When he comes fresh to the new.
subject, all is disorder and confusion. The terminology -
comprises, however, a system of names which indicate or
should indicate the prominent and significant facts and
principles to be noted in reducing the subject to order. Now, -
if that terminology is wrong, the whole subject will be:
wrongly focussed: what should be prominent remains-
unnoticed : what is really insignificant is held to be an
important foundation principle: the attention is wrongly -
directed throughout. -

These remarks apply with overwhelming force to psycho-
logy. Until recent times, the relative importance of different..
sections of the subject were grossly misinterpreted. The
accents were all on the wrong parts. People gaped at the
problem of free-will and determinism : they thought it a!’
fundamental and genuine issue : they ranged themselves as =
free-willists and necessitarians. In point of fact, the problem’
is neither fundamental nor genuine : it does not even indicate
a true cleavage of opinion among philosophers. It is a
- factitious paradox, as foolish as that of Achilles and the
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tortoise. You can create difficulties about almost anything,
even about a running man overtaking a tortoise. Such
difficulties are analogous to those mechanical puzzles, which
are often extremely difficult to make out, though based on
the most simple and elementary of principles: the main
law to be observed in making a puzzle (as also in conjuring)
is to draw attention off the significant feature, and, if
possible, to direct it on to insignificant features. '
Now this is just precisely what has happened in psychology.
Attention is thrown on to the irrelevant, and withdrawn
from the relevant : and the language of centuries has securely
fixed the resulting false outlook. Hence we do not find, on
~ studying psychology, a set of simple laws and great principles
" such as we meet with in physics and chemistry. We find a
collection of puzzles of the free-will type—which are only
puzzles because they so ingeniously draw attention from
every relevant feature in the discussion. And what should
be a mere psychological toy becomes the heading of an
important chapter of the science. '
Modern psychologists have many such vexatious follies to
deal with. We have inherited a psychology that is sodden
with metaphysics, and perpetually haunted with unreal
entities. We have to discuss it in a terminology framed by
our opponents, and wholly unsuited to a true science. Let
us firmly assail the pestilential and slovenly habit of attri-
buting all things unknown to some psychical entity, invented
by ourselves for the occasion, or more usually inherited from
our savage ancestors. Lamarck offers us at any rate a
valuable object lesson. Convinced as he was of the fallacy
to which I have been alluding; earnest as he was in his
attempt to avoid it; he yet constantly fell into it. He
materialised a nervous fluid, with a reservoir, a nucleus, etc.
He materialised an ““inner feeling” to explain emotions,
just as we materialise a “mind” to explain the various
so-called mental processes. He materialised “ nature” in
much the same way that Bergson does “ time,” as though
they were so many material things. Truly the materialism

4
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of science is far from the grosser materialism of the common
beliefs.

Lamarck believed that ‘‘ emotions of the inner feeling
might be aroused either through sensation or through thought.
The physical characteristic of an emotion aroused by sensa-
tion is simply an agitation or ‘‘emotion > of the nervous
fluid in the nucleus. An emotion differs from a sensation
in that it involves no. reaction from other sensitive nerves.
The original agitation is conveyed to the nucleus by a single
nerve, as in a sensation; and the commotion or emotion
there produced has no further active effect. If it acts on
any nerves, it is upon motor nerves which give rise to muscular
action. Every need (besotn) excites an emotion, either
through the medium of sensation or of thought. The
emotion, then acting upon the motor nerves, gives rise to
just those actions necessary for the satisfaction of the
need felt. :

Lamarck explains habit by the tendency of the subtle
fluids constantly to traverse the same routes through the
organism. The first passage of the fluids facilitates sub-
sequent passages along the same channel, so that similar
actions tend to be repeated. He regarded instinct as originat-
ing in acquired habits. The habit once acquired would,
according to Lamarck, be inherited, and in course of
time become an instinct. In both these doctrines, he
anticipated two of the leading principles in Spencer’s
Principles of Psychology. The idea of instinct as habit,
acquired and inherited, is indeed almost universally attri-
buted to Spencer. There is but little interest in determin-
ing the priority, however; for the idea itself is certainly
erroneous.

Lamarck also based upon his nervous fluid a theory of
fatigue. The fluid, he says, is used up while functioning,
and has to be made good. Hence the necessity for rest
before further activities can be undertaken.

Lamarck regarded the will as an intellectual faculty,
though not in the first rank of importance. Here again he
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deserves great credit; for throughout the history of philo-
sophy, almost up to modern times, the will has been accorded
an altogether undue prominéence and significance. He placed
it approximately in its correct rank : he pointed out that
the extraordinary instincts of various insects has nothing
whatever to do with will or any conscious effort : he rightly .
affirmed that conscious will has infinitely less to do with
initiating even human activities than it is supposed to
have. He denied the so-called free-will -altogether, saying
that any volition flowed as necessarily from antecedent
conditions as the quotient in an arithmetical sum. In
all this he has been thoroughly justified by modern
knowledge. :

Lamarck regarded the cerebral hemispheres, which he
called the hypocephalon, as the special intellectual organ,
and to a great extent cut off from the remainder of the
brain. He held that ““ideas’ were the material of every
kind of intellectual operation : and with that restless craving
for the manufacture of semi-material entities to explain away
difficulties, he affirmed that an idea was a tracing or engraving
actually impressed physically upon the soft substance of the
hemispheres. He recognised that the white matter of the
hemispheres is composed of nerve-fibres, which he imagined
‘to be hollow tubes containing the nervous fluid. He believed
that each fibre terminated in a minute cavity in the cortex,
too small to be visible. Now, when some impression is made
on our external senses, say the sight of a fish, the nervous
fluid contained in the optic nerve becomes agitated, as I
have already mentioned in describing Lamarck’s views of
sensation. Now, Lamarck continues, if attention is turned to
the cause of the sensation, the sensation does not immediately
pass away, but, by a second reaction, subsequent to that
constituting the sensation, it reaches the brain, and there
becomes pigeon-holed as an idea. The agitation in the
original afferent nerve, in this case the optic nerve, passes
up to the cerebral cortex, and there (if I understand Lamarck -
aright) engraves on the walls of the cavity at the end of the
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nerve, an exact image of the fish which caused the sensation.
On this theory, therefore, the hemispheres become a vast
storehouse of miniature engravings, containing all the ideas
which the individual has ever formed.

Let not the reader too hastily deride this fantastic specula-
tion. Its difficulties, and indeed absurdities, are in our day
so obvious that it is hard to remember that they were
not always obvious. Nearly all Lamarck’s errors may be
matched by similar errors current at the present day, and
not always confined to vulgar people. His present error is
no exception. It is not uncommon to hear people of passable
education exhibiting exactly the same ignorance as to the
relations of the physical and the psychical. An external
object, at which we look, forms an image on the retina :
and since the light has to pass through the lens, the image
is inverted. Now it is quite a common thing to hear people
wondering how the inverted image on the retina can give
rise to an optical sensation of the object as. being right
way up. It is even said very often that we do see
the object upside down, and rectify it unconsciously and
automatically.

Now people who argue thus, or who see any unusual
difficulty in the matter, are in no better case than Lamarck
was a century ago, with his engravings in cavities of the
cerebral cortex. In each case, the psychical image is con-
fused with a physical image of the object: and whatever
the relation of psychical to physical may be, it is certainly
infinitely different from any such elementary analogy as
the above. Both illustrate that vicious tendency to hypo-
statisation, or manufacture of spiritual, material, or spirito-
material entities, which I have already so often endeavoured
to stigmatise.

Lamarck was a follower of Locke and the empirical school.
He believed that all ideas were: acquired, and that there
were no such things as innate ideas. Since he traced all
intellect to ideas, and all ideas to sensations, he must be-
reckoned as a sensationalist ; probably he was influenced by
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Condillac. But he is careful to say that though every idea:
is derived from a sensation, not every sensation yields an
idea. It is-only when attention is fixed upon the sensation,
at the moment when it is experienced, that an idea of more or
less permanence remains.

On this theory of physwally-emstmg ideas Lamarck bases
his whole theory of intellect. When the nervous fluid
traverses the outlines of an idea in the cortex, it is thrown
once more into the same type of agitation as when
it first engraved that idea. This agitation, being con-
veyed back to the nucleus of sensations, gives rise to a
fainter repetition of the original sensation: thus we have
memory. ‘

When the nervous fluid passes over several graven ideas
at the same time, each portion of the fluid is agitated in a
mode- corresponding to the idea traversed. When these
different streams of fluid, each with its special agitation or
mode of motion, reach the nucleus at the same moment,
their motions are compounded so as to form a ““ complex ”’
idea, which is then laid down in the cortex separately from
~ its constituents. Complex ideas may be further combined,
and thus Lamarck endeavours to give a physical interpreta-
tion of comparison and reasoning. Dreaming is accounted
for as an aberrant or haphazard wandering of the nervous
fluid, owing to failure of control by the “inner feeling.”
Delirium and syncope are similarly explained. But it is
needless to enter into further detail on Lamarck’s psychology,
or to follow out all his apphcatxons of the general principles
cited above.

§ 9. CONCLUSION.

It is an unhappy but necessary characteristic of social
evolution that those great leaders of thought and action,
who at one time exercise profound influence over their
generation, are apt to be unduly criticised by those of
a succeeding generation. The works of great men are
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commonly such as to arouse emotion, as often disagreeable
as agreeable. Their writings cannot be studied with indiffer-
ence : they do not leave us cold, as do the works of lesser
men. If we agree with them, we agree warmly; if we
disagree with them, we are animated by a desire to attack
or abuse them.

The application of this tendency to Lamarck is obvious.
He defended the doctrine of organic evolution at a time
when it was opposed not only to the entire authority of the
Church and people, but also to the judgment of the leading
men of science. For half a century his writings stood .as
almost the only public representation of a belief which
no one now questions. Then came the Origin of Spectes :
a work which naturally and immedidtely superseded every
earlier publication, a work moreover which perhaps aroused
more emotion than any other work of science ever published:
Almost inevitably, discipleship of Darwin engendered anta-
gonism to Lamarck. Once evolution became an accepted
fact, no one studied Lamarck to be convinced of it. His
arguments in favour of it ceased to excite interest: and
attention became concentrated on minor details as to the
process itself. Lamarck was at once seen to have offered
a very different account from that of Darwin, and the whole -
energy of Darwinian discipleship was roused to antagonism
by the concentration of attention on the an’m-Darmman
elements of the older theory.

The scene has now changed once more : ‘the reaction has
in various quarters turned against Darwin, while Lamarck
himself is slowly entering upon the final stage of oblivion.
The time is ripe for appreciating his true position in the
history of knowledge.

As a philosopher, he was demdedly of the second rank.
He appears to have been an agnostic by reason, and a deist
by desire. “Since I can have no positive knowledge on
this subject,” he writes, “ I prefer to think that the whole
of nature is only an effect : hence I imagine and like to
believe in a first cause or in short a supreme power which



CONCLUSION , Ixxxix

brought nature into existence and made it such as it is.”
He regarded the universe as having some goal or purpose,
known only to its sublime author. His philosophy throughout
. 18 far inferior to that of many of his elder contemporaries,
such as Diderot or d’Holbach.

As a pure zoologist, he has not the reputation of
Cuvier. At the same time his judgment and method were
of a very high order, as shown by the groups established
by him and still recognised at the present day; e.g.
Annelids, Arachnids, Myriapods, Vertebrates. We must,
remember that he upheld against overwhelming odds the
banner of organic evolution. There can be no justifica-
tion for the contempt with which many people now
speak of Lamarck, merely because his idea of the
evolutionary process differed from ours. So great a truth
can only be discovered by the efforts of several genera-
tions. While therefore he was not a first-class philosopher
or perhaps zoologist, yet he derived a certain advantage
and width of view from the combination of these two
interests. He was able to draw his conclusions from a
wider basis than would have been possible to a more limited
specialism. : '

I am aware that there are many who repudiate all sug-
gestion of a philosophical treatment of scientific problems.
Such a view cannot for a moment be defended. It arises
from the fact that the name philosophy is so often used
as synonymous with metaphysics: and that the most in-
accessible problems of science have been so often treated to
bushels of high-sounding words from which no genuine
solutions can issue. Yet it remains indisputable that only
by a large knowledge of general principles, as well as of
details, can any true progress result. A man may be in-
timately versed in the anatomy, physiology, classification
and distribution of earwigs, and.yet be entirely destitute
of biological judgment : just as a mechanic may <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>