UNIVERSAL
LIBRARY

OU_162846

AdVvVddl
1VSHIAINN






OSMANIA UNIVERSITY LIBRARY .

Call NOS'] G ‘\‘L}(Ecwinn Ny, 56 QC(

Author Mol osmaRao. - N- € -
Tite %W, e e e MOJI;A 1l

This book should e retarned on or before the da
fast marked Lelow,












INTERNATIONAL SCIENTIFIC SERIES

VOL. Xcvll






The International Bcientific Series
Elited by F. LEGGE

THE
EVOLUTION AND FUNCTION
O LIVING PURPOSIVE
MATTER

1A
N.COMACNAMARA, FILON,
UN A
ALIH B w3

HESAN SE R0 L vTUR) 2y THL PURPORVE A TI0S 0 F v g Lulin AM v}
THE CRbaS AND CHARN D8 OF THY Luliisg ol L3

WITH TLLUSTRATIONS

LONDON
REGAN PAUL, TRENCH, TRUBNER & CO L L
DRYDRN HOUSE. 43 GERRARD STREEL, W.

1910






PREFACL

INn a previous volume of the International Scientific
Series 1 described the fundamental properties of living
protoplasm, and gave an outline of the development
of the sense organs of the body and the functions
performed by them, in their relation to those parts
of the central nervous system by which we gain
ideas concerning the external worlds, and are able to
express our thoughts in intelligent speech.

The object of the following work is to endeavour
to explain the evolution of, and functions performed by
those elements of protoplasm which are essential for
the manifestation of purposive, instinctive, and psychical
phenomena. I believe that knowledge to be derived
from the study of this subject, is capable of helping
us to realise the importance of heredity in determining
the personal character of individuals, and the influence
which the environment exercises in modifying the innate
qualities handed down to us by our progenitors.

I hold the opinion that the protoplasm of even the
simplest organism, such as that which constitutes

1 With confidence we recommend those persons who are inter.
ested in this subject to study Mr and Mrs Whetham’s able and
interesting work, “The Family and the Nation.”

v
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the body of an amceba, in response to various stimuli,
diséharges a part of its potential energy which, through
the action of certain of its constituent elements, is
transformed into purposive movements, or work adapted
to promote the well-being of the organism. Beyond this,
there is evidence to prove that the living substance of
an amrcba retains impressions made upon it by appro-
priate stimuli, and that these impressions may be
re-excited by similar, or it may be by other, stimuli
than those which produced the original impression.
So that the movements of these minute particles of
protoplasm are not only purposive, but are to some
extent guided by memory and experience.

In unicellular organisms the purposive elements
appear to be equally diffused throughout the living
substance of their bodies, but in all the higher classes
of beings these elements have become differentiated,
and constitute a part of the protoplasm of their gang-
lionic nerve cells. These cells send out amaboid-like
processes in the form of nerve fibres which communicate
with one another and form structures, the basis sub-
stance of which receives and retains impressions made
upon it by appropriate stimuli, responding by the
discharge of energy which becomes manifest in definite
movements of the body.

I maintain that the purposive elements of proto-
plasm undergo evolution pari passu with those elements
which constitute the structures and organs of the bodies
of the ascending classes of animals, and trace the
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development of these elements through their various
stages, showing that this specialised form of matter
has come to occupy u definite part of the cerebrum, its
functions being to elaborate the instinctive and
emotional faculties displayed in the movements made
by animals. I adduce evidence to prove that the
psychic nervous substance of the brain has been de-
veloped from matter possessing instinctive functions.
It is through the orderly working of such a system
that mental phenomena are brought into operation.

In a well-balanced brain energy derived from psychic
nervous matter, to a large extent, controls the action
of those parts of the cerebral substance by means of
which inherited, instinctive, and emotional processes
are elaborated, nevertheless, in the majority of human
beings these faculties exercise a paramount influence
over their personal characters. In the first part of this
volume I have given biological and anatomical evidence
to demonstrate the nature of the living matter out of
which the hereditary qualities possessed by individuals
are elaborated. In the second part of this book the
soundness of these conclusions are put to the test, by
giving the outline of the leading characteristics displayed
by a long line of individuals, who lived under con-
ditions well adapted to show the power which their
inherited qualities exercised on the actions of many
succeeding generations, and on the destinies of the race
to which they belonged. I thus emphasize the import-
ance of heredity in determining individual character.
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My sincere thanks are due to Mr R. H. Burne, M.A.,
F.Z.8., for the never failing 'and able assistance he has
given me in preparing the first part of the following
work, much of its contents being based on material
contained in the Physiological Series of the Museum
of the Royal College of Surgeons of England.

N. C. MACNAMARA,
CuorLEY WoOD,
Junuary 1910,
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CHAPTER I

THE object of the following work is to establish the fact,
that action excited in living protoplasm by various
modes of energy, is transmuted by certain of its elements
into movements adapted to promote the well-being of
the organism. We term the elements constituting this
kind of matter *“ purposive,” and show they are sufficient
to effect all the movements necessary to maintain the
existence of the lower classes of living beings.! But as
in the ascending orders of animals the structures entering
into the formation of their bodies become more com-
plicated, the purposive elements which direct their
movements undergo a corresponding evolution, and
become developed into matter possessing instinctive
and finally psychical functions.

In our previous volume on ““ Human Specch,” we
gave an outline of the fundamental properties possessed
by living protoplasm, its sources of potential energy, and
its adaptation to the action of the environment, through
means of which the eyes, ears, and other sensory organs,
together with a nervous system had become developed.
In order to illustrate the working of this system we
referred to its power, in human beings, of elaborating
and giving expression to intellectual processes in spoken
language. Following on these lines in the present work

! Purposive—* a word to express the adaptation of means to an
end, whether involving consciousness or not.”’—¢ Enc. Brit.,” vol.
xx. p. 73.

A 1
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we apply the teaching of comparative biology to elucidate
the origin and nature of hereditary instinctive matter,
and to show that in the case of human beings it exercises
a paramount influence on their personal characters and
on the race to which they belong.

Throughout the following pages we employ the term
individual or personal character to signify those heredi-
tary instinctive and emotional processes which, as we
conceive, form the substratum of our actions, and to a
large extent rule our whole life.!

We hold that purposive matter consists of certain
elements of living protoplasm which transmute specific
modes of energy into action adapted to promote the well-
being of the organism ; the supply of energy necessary
for this work is derived from the reaction of living
matter to various forms of stimuli.

The agent or form of energy which excites living matter
to action is known as a stémulus ; movements or other
work thus effected by living matter is described as a
response or reaction to a stimulus.

For instance, the substance which forms the body of a
unicellular beingknown as the Bacterium Photometricum,
consists of a minute speck of protoplasm, from which a
number of fibrils or cilia project outwards through the
delicate cell wall of the organism ; these form the motory

1 Professor Villa states, that which determines our actions, rules our
whole life, and represents consequently better than any other mental
activity our personality, is what we call our “ character.”” When
the latter coincides with our ideas, the mental life is harmonious,
and we have the illusion that it is they that regulate our actions,
whereas we are really only obeying our naturc. And of this we have
an evident proof when there arises a discrepancy between our ideas
and our character, for in that case it is always the character which

conquers. The intelligence is a superadded eclement.—** Con-
temporary Psychology,” p. 180.
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structures of the cell, and by their lashing movements
propel it through the water. As before explained, under
favourable conditions the living matter forming the body
of a being of this kind is charged with potential energy
derived from chemical action and other sources.! 1f a
Bacterium of this kind is kept in the dark it remains
almost stationary, but directly the water in which it is
floating is exposed to the stimulus of sunlight its cilia
commence to work and the cell moves rapidly through
the water ; thus bringing the organism within reach of
food. Movements of this kind, we hold, are purposive,
‘being adapted to promote the well-being of the organism.

We shall endeavour to show that movements such as
those above referred to result from energy acting on the
living matter constituting the cilia of the organism: we
call such energy purposive, and the form of matter from
which it proceeds purposive elements. Our theory is,
that in the case of a Bacterium Photometricum a portion
of the potential energy of its protoplasm is discharged
by the action of energy it receives in the form of sun-
light ; a part of the potential force thus released is trans-
formed by the purposive elements of the cell, into energy
which directs the action of its cilia as above described.
The work thus performed by the purposive elements of a
bacterium might be referred to as being analogous to
that of the central nervous system of the higher classes
of animals, in that these elements constitute the
guiding apparatus of the motary substance of the
organism,

For some years past it has been recognised as an
established fact, that movements made by the simplest
kinds of organisms were effected by the response of their

1 « Human Speech,” p. 28.
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living substance to various forms of external stimuli. As
far back as the year 1878 Professor Strasburger (and in
1879 Professor Stahl) employed the word Phototaxis to
designate the position taken by an organism with
reference to the direction of the incident rays of light.
He refers to certain of the Desmids. This elongated
cell attaches itself by one end, then swings itself over
and attaches itself by the other end : each time this is
repeated the organism moves the length of its body.
This movement, Stahl observes, is due to a periodical
reversal of position, such that, for a time, one end of the
cell is directed towards the source of light, and then
the body is swung over like a pendulum, so that the
other end comes to be directed towards the source of
light. When, however, the light is intense, these beings
place their long axes perpendicularly to the direction
of the incident rays. As already shown (*° Human
Speech,” p. 51) the position of chlorophyll-corpuscles are
influenced by light, they collect on the cell-wall which
is perpendicular to the direction of the incident rays.
In the case of zoospores the intensity of the light to
which they are exposed directs their movements either
towards or from the source of light ; but such movements
depend on the sensitiveness of the living matter of the
organism, and this will be largely influenced by its supply
of potential energy due to the perfection or otherwise of
its nutritive and metabolic processes. ‘‘ Again, suppos-
ing that at a certain medium temperature zoospores move
away from light of a given and considerable intensity ;
if now the temperature be raised several degrees, the
zoospores will move towards the source of light, that is,
at the higher temperature they are less sensitive to light.”
The sensitivity of these organisms is affected by the



THE ACTION OF PURPOSIVE MATTER b

supply of free oxygen, and is also increased by their
age, so that when young they move towards light, from
which when they are older they move away.!

Professor Jacques Loeb holds that the movements of
the higher animals like those of the simpler orders of
beings, result from the response of their living substance
to the direct action of light and other natural forces ;
he maintains that these beings have no power of directing
or of resisting the action of these forces. The movements
of both plants and animals, he states, depend, *first, upon
the specific irritability of certain clements of the body-
surface, and, secondly, upon the relation of symmetry of
the body.” Symmetrical elements at the surface of the
body have the same irritability ; unsymmetrical elements
have a different irritability. Those nearer the oral
pole possess an irritability greater than that of those
near the aboral pole. These circumstances force an
animal to place itself towards a source of stimulation in
such a way that symmetrical points on the surface of
the body are stimulated equally. In this way animals
arc led without will of their own either towards the
source of the stimulus or away from it.2

1« Physiology of Plants,” 8. H. Vines, pp. 520, 525 ; also Fischer,
** The Structure and Functions of Bacteria,” p. 81.

3 “ Comparative Physiology of the Brain and Psychology,” pp. 7,
181, by Professor J. Loeh, who is of opinion that the central nervous
system is nothing more than a protoplasmic medium of communica-
tion between the skin and the muscles. Somewhat similar opinions
have been promulgated by Dr Kronthal, his idea being that the
conducting paths of fibrilla constitute the only essential nervous
mass, and that the remaining parts of the nerve cell—that is, the
protoplasmic and chromatic masses, nucleus and nucleolus—belong
to wandering cells, which bear the same relation to the neuro-
fibrillee that a drop of oil does to a number of threads at whose

intersecting points the drop has become entangled.—Drif. Med.
Journ., May 29, 1909, p. 1303.
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As an example, Professor Loeb refers to the move-
ments of a moth in the presence of a lighted candle.
He states that if a moth be struck by the light on one
side, those muscles which turn the head towards the
light become more active than those of the opposite
side, and correspondingly the head of the animal is
turned towards the source of light. As soon as the head
of the animal has this position, and the median-plane
comes into the direction of the rays of light, the sym-
metrical points of the surface of the body are struck by
the rays of light at the same angle. The intensity of
light is the same on both sides, and there is no more
reason why the animal should turn to the right or left—
away from the direction of the rays of light. Thus it
is led to the source of light. Animals that move rapidly
get into the flame before the heat of the flame has time
to check them in their flight. Animals that move slowly
are affected by the increasing heat as they approach the
flame ; the high temperature checks their progressive
movement, and they walk or fly slowly about the flame.
The more refractive rays are the most effectiveinanimals,
just as in plants, in producing these movements.

Dr G. Bohn is a strenuous advocate of Loeb’s ideas,
but is under the impression that the *“ tropisms,” or the
action of natural forces on irritable living matter, are
not sufficient alone to insure the well-being and repro-
duction of unicellular or other organisms. He holds
that action of this kind is insufficient in itself to
insure the preservation of the life of the animal; he
therefore supplements the action of {ropisms by what
he terms " sensibilité différentielle,” that is, sensitiveness
to changes in intensity, or the power organisms possess
of responding to the action of different degrees of energy
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received from stimuli. It is through this form of
sensibility, in Dr Bohn’s opinion, that when an organism,
under the stimulus of light, is attracted in & certain
direction, and reaches a shaded spot, it rotates on itself
and moves away from the shadow.!
Professor F. Darwin, in his address to the British
" Association (September 1908), when referring to the
movements of plants, is disposed to adopt Professor H. 8.
Jenning’s teaching on this subject, and states that we
must take into consideration what he calls physiological
conditions of the organism as distinguished from per-
manent anatomical conditions. External stimuli are
supposed to act by altering this physiological state ;
that is, the organism is temporarily transformed into
what, judged by its reactions, is practically a different
creature. This may be illustrated by the behaviour of
a unicellular being known as Stentor, one of the Infusoria
(Jennings, “ Behaviour of the Lower Organisms,” p. 170,
1906). If a fine jet of water is directed against the
disc of the creature, it contracts ‘‘ like a flash * into its
tube. In about half a minute it expands again and the
1 We must refer the reader to Dr (i, Bohn’s work, * La Nais-
sance de I'Intelligence,” for tho full meaning and the evidence
on which he bases his ideas regarding * tropisms *” and their relation
to Differential Sensibility. Ho appears to hold with Professor
Loeb that all biological processes could be explained on physico-chemi-
cal bases and that life is to be regarded as a chemical function, He
describes how, working with the cggs of marine animals, he attempted
to discover the physico-chemical nature of fecundation. He found
that extracts of the male seed of homologous animals failed to fertilise
the eggs, but that of a foreign species was capable of doing so. He
further found that the process acts in two stages and each stage can
be initiated chemically. First the sperm cell acts by partially dis-
solving the external layers of the egg, and, secondly, the process

called formative stimulation proceeds by the penetration of a sub-
stance of high tonicity.
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cilia resume their activity. Now we cause the current
to act again upon the disc. This time the Stentor does
not contract, which proves that the animal had been
in some way changed by the first stimulus. This is a
simple example of ** physiological state.” ‘When the
Stentor was at rest, before it received the first current
of water, it was in state 1, the stimulus changed state
1 into state 2, to which contraction is the reaction.
When again stimulated it passed into state 3, which
does not produce contraction. We cannot prove that
the contraction which occurred when the Stentor was
first stimulated was due to a change of states. But it is
a fair deduction from the result of the whole experiment,
for after the original reaction the creature is undoubtedly
in a changed state since it no longer reacts in the same
way to the repetition of the original stimulus. Jennings
points out that as in the case of plants, spontaneous
acts are brought about when the physiological state
is changed by unknown causes, whereas in other cases
we can point to an external agency by which the same
result is effected.” !

Professor Berthold compares the movements of
amecebee and of swarm-spores to the drops of oil in an
emulsion, or to a piece of camphor floating in water,
the movements always occurring towards the side of
least surface-tension. But as Professor Ewart remarks,
this statement is misleading. In the case of a piece
of camphor floating on water the surface-tension is
lowered unequally as the camphor dissolves irregularly.
The fragment is drawn to the side where the surface-
tension of the water is greater ; for the surface-tension-

1 Professor F. Darwin’s Presidential Address to the British
Association, 1908.
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film moves in that direction and drags the camphor
after it. In the particles of an emulsion, however, a
diminution of the centrally-directed surface-tension
pressure on one side, or an increase on the opposite
face, causes the particle to move to the side of least
surface-tension, and this movement will continue as
long as the potential difference is maintained, and
will cease as soon as equilibrium is reached.!

With reference to the movements made by proto-
plasm in response to the various forms of energy which
act upon it, we must, as Professor B. Moore states,
recognise the fact that the living cell receives its supply
of energy from organic compounds capable of yielding
energy in the process of oxidation in the cell, provided
its protoplasm is in working order. He states,
that the integrity of the living matter of the cell
is just as completely dependent upon the presence of
tons of certain simple organic salts in its substance
and in the surrounding fluid, as upon the supply of
energy it receives from the organic compounds of
the cell.? In point of time the physiological activity

1% On the Physics and Physiology of Protoplasmic Streaming in
Plants,” by A. J. Ewart, p. 112.

2If a lump of common salt is dissolved in water, and bits of metal
joined to a copper wire are dipped into the solution, an electric
current is started. A solution of this kind is known as a conducting
solution, and any substance which, when dissolved, produces a con-
ducting solution is termed an electrolyte (to set free). It is held
by most scientists that when an electrolyte is dissolved in water
its molecules undergo to a greater or less extent dissociation or
separation into electrically charged atoms, which Farady called
ions (that which goes). These either positively or negatively charged
atoms have an independent existence in the solution, and have their
specific propertfes and reactions behaving, therefore, as independent

molecules. When two electrodes (poles) are placed in a solution
of an electrolyte and connected with a battery, the positively charged
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of the cell is more rapidly destroyed by removing or
altering the supply of inorganic ions, than it is by inter-
fering with the supply of food stuff. The latter can
to some extent be supplied by the combustible materials
present in the cell ; but when the inorganic ions forming
a constitutional part of the living cell are altered, and
the equilibrium between the protoplasm and ions thus
destroyed, the cell activities immediately come to
rest.! The ions form an intrinsic and indispensable
part of the cell structure in the absence of which it
can no longer utilise its food supply; it ““is the ions
which act.”

Professor Moore refers to the influence which the
ions have on the work performed by living muscles,
as for instance on the muscular structure of the heart.
If an animal’s heart is isolated, and fluid containing
a solution of food stuff be passed through it, the muscular
structure will at once cease to act and the heart stops
beating. If, however, a solution of common salt be
used in the same way, the heart will continue to beat

cloctrode attracts the negatively charged ions; and the negatively
charged clectrode attracts the positively charged ions. These
atoms move in opposite directions through the solution, and give
up their charges at the electrodes; it is their movement through the
solution that constitutes the electric current in the solution. When
a salt ionises a solution, the metal part forms the positive (cat-ions)
and the acid part the negative (an-ions). In the case of acids
hydrogen forms the positive, thus hydrochloric acid gives the positive,
H ions, and the Cl the negative. It is, indeed, to the presence of
the hydrogen ions that so-called acid properties are to be ascribed.
In the case cf alkalies, such as sodium hydroxide (NaoH), the
negative ions are formed of the hydroxyl group.

1 ¢ Further Advances in Physivlogy.” Edited by Leonard Hill.
Article by Professor B. Moore, pp. 1, 2, “ The Equilibrium of Colloid
and Crystalloid in Living Cells.”
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for some time and then stops, the solution having
gradually washed out the potassium salts from the
muscular structure of the heart, it then ceases to act.
If a definite small percentage of potassium and calcium
salts are added to the solution of common salt, and
the solution is passed through a freshly isolated heart,
its muscular fibres will continue to work for hours
and even days in a regular and automatic manner ; thus
demonstrating that inorganic potassium and calcium
ions are essential factors in promoting the action of
the specialised living substance of muscle fibres.

These inorganic ions also possess a remarkable in-
fluence on other processes of living matter ; for instance,
if the ova of the starfish are exposed to the action of
hydrogen ions, that is, if they are placed in a proper
acid solution, they undergo developmental changes,
and produce a multitude of cells. The ova of chxtop-
terus undergo developmental activities when placed
in a solution containing potassium ions, 7.e. the addition
of any potassium salt causes the development of the
egg; but other salts, which do not yield potasssium
ions are without any such influence.! Without ions
or the bearers of electricity in the living substance
of the cell, and in the fluid surrounding it, it cannot
respond effectively to the action of the forces that
play upon it. Our object is to endeavour to form ideas
regarding the substance which directs movements
thus excited into orderly and purposive action. The
movements effected by the simplest kinds of beings
are as well adapted for their needs as those of the higher
classes of animals possessing an elaborate nervous
system, and complicated structures and organs. The

! Findlay, p. 39.
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physico-chemical forces which initiate the movements
are the same in every form of living matter, but the
materials acted on differ in each order of beings, that
is, the structural arrangement and motion of the
elements constituting the protoplasms of the various
classes of beings has a special architecture of its own,
and consequently definite action.

We fully appreciate the fact that the movements
made by living protoplasm in respouse to the action
of stimuli depend upon its elements being placed under
favourable conditions, but we hold that the move-
ments of even the simplest forms of plants and animals
cannot be wholly interpreted in chemical and physical
terms. On the other hand, we conceive that the move-
ments of the living matter of organisms excited by
external and internal stimuli, are directed by elements
which form part of all living matter, each after its own
order. We cannot place our fingers on these elements
and separate them from the other constitutents of
living protoplasm, and must, therefore, in studying
their nature depend on the series of phenomena they
produce in the various classes of animals.

That unicellular organisms possess inherent powers
of directing their own movements in a purposive
manner is an idea supported by some of the ablest
and most accurate seientists of the present time. Thus
Professor A. J. Ewart, when referring to the movements
of organisms which possess definite locomotory organs,
such as flagelle or cilia, states there can be no doubt
that they have * acquired the power of directing and
controlling the natural forces for their own benefit.” !

' **On the Physics and Physiology of Protoplasmic Straining in
Plants,” by A. J. Ewart, p. 112,
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Professor W. B. Hardy, when discussing the nature
of the movements made by an Amceba, observes ** the
tiny animal manifests discrimination, imperfect no doubt,
but clearly recognisable. And the choice is beneficial,
it contains an element of purpose.” ! Again, Professor
Calkins, when discussing the movements of certain
unicellular animals, remarks, ““ it appears the organism,
as a whole, is endowed with a set of motor responses
which might be identified as instinctive. ~Stimulation
at one point induces a local response, but a reaction of
the entire organism is poorly explained by the assump-
tion of a machine-like organisation of the cell, or by
the statement that these responses are merely the
expression of chemical and physical forces.” 2

We may now proceed to give the evidence on which
we base our ideas regarding purposive matter, and in
the first place refer to movements habitually made
by some of the simplest classes of organisms.

If we place a multitude of ciliated bacteria, in pure
distilled water, into which only filtered air can pass, and
thus prevent these beings obtaining any food, we find after
a few days many of them disappear, others become
languid and under the microscope appear shrivelled
and transparent, they are in fact on the verge of starva-
tion. If we then introduce into the fluid in which
these bacteria have been kept some finely divided
particles of organic and inorganic matter, we see some
of the bacteria moving up to the particles of inorganic
matter round which they hover for a brief space of time,
and then reversing the action of their cilia they move

1 ¢ The Physical Basis of Life,” by H. W. Hardy. Science Progress,
October, 1906, p. 182.
2 Professor Gary N. C. Calkins on the *“ Protozoa,” p. 301,
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away to aunother part of the field; if in their course
they meet with an organic particle of matter they seem
to imbibe nutriment from its substance, for after a
time their protoplasmic contents contain granules
of what we take to be food, and the organism at the
same time becomes plump and active. This process
of starving and feeding bacteria may be repeated over
and over again, and under similar conditions the result
is always the same.

If a number of bacteria are placed in water containing
particles of carmine their protoplasmic bodies absorb
this colouring matter, but after a short time extrude
it ; this process may be repeated for some five weeks ;
after which the bacteria ccase to take up any more
of the carmine particles. But if sepia is substituted
for carmine these same bacteria will absorb it into their
bodies for a time, and then, as in the case of carmine,
discontinue to absorb the particles of sepia, which, like
the carmine, are useless substances either for nutritive
or other purposes of these beings.!

Not unfrequently we find a flagellum at the anterior
and another proceeding from the posterior end of the
cell ; the former draws the being along at the same
time that it rotates about its axis; while the latter
exerts a directive and modifying influence on the move-
ments of the Infusorian, serving also as an anchor,
and sometimes as a spring, promoting a rapid jerking
movement of leaps and bounds.

An Amamba proteus consists of a minute particle
of nucleated protoplasm; when its outer surface is
gently touched by the point of a glass rod, the living
matter of the organism responds to the stimulus by pro-

1« La Naissance de I'Intelligence,” par Dr G. Bohn, p. 103.
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truding a portion of its substance in the form of a
pseudopodium, by means of which it clings to the rod.
But if the point of the rod is roughly pushed against
the surface of the amceba the organism moves away
as if to avoid injury. '
Amoeba ordinarily crawl, aided by their pseudopodia,
over the surface of solid substances in search of food.
If, then, one of these beings becomes isolated, at
first it floats about in the water in an aimless manner;
but after a time if it meets with no solid substance on
which to anchor, the animal thrusts out a number
of long slender pseudopodia ; these processes of living
matter spread out in all directions from the body until
its substance becomes little more than a meeting point
of the pseudopodia. So soon, however, as one of these
feelers comes in contact with a solid body it attaches
itself to it, the whole animal follows on, and resumes
its normal method of locomotion.! Professor H. J.
Jennings is disposed to think that amcebe retain the
effects of impressions made upon them by stimuli,
and that these impressions may be brought into action
by fresh stimuli; in other words, the living matter of
these, the simplest forms of nucleated living beings
possess what we call memory, and further, their actions
are voluntary and prompted by what they remember.
For instance, Mr Jennings on one occasion watched a
large amceba seize a small one by one of its pseudopodia,
which it then retracted and thus nearly enclosed its
prey, but leaving an opening in its encircling embrace
the small ameba escaped and moved away. The
larger animal, however, reversed the course it had

P )
L H. J. Jennings on “ The Behaviour of Lower Organisms,” p. 8,
See also “ The Animal Mind,” by M. F. Washburn, p. 41.
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been frllowing, pursued, and again seized its prey;
the small ameeba again broke away and made good
its escape. Referring to action of this kind Mr
Jennings remarks that, in his opinion, “it is difficult
to conceive each phase of action of the pursuer to be
completely determined by simple present stimuli,”
but rather that to some extent the amceba’s movements
were governed by the experience it had acquired from
former possession.!

The class of Protozoa known as the Paramcecia
differ from the amoeba in that they preserve a definite
form. These animals are spindle-shaped, one extremity
being pointed, the other is rounded and forms the
anterior end, which in the movements of the animal
through the water is always foremost. On the under
surface of this unicellular being there is a groove passing
from the anterior end backwards to a depression leading
into the soft protoplasm of the body. The outer surface
of the Paramcecium is covered with cilia arranged in
definite rows; their attached ends pass through
the outer delicate membrane which encloses this uni-
cellular animal’s body and enters its ectoplasmic layer,
within which is the softer endoplasm with its large
and small nuclei.?

The movements of these animals are effected by the
action of their cilia, which also line the groove leading
to the opening into the endoplasm and by their action
direct a current of water containing nutrient matter
into the body of the Paramcecium. The movements
of a Paramcecium through the water, as seen under the

! Washburn on ““ Animal Mind,” p. 46.
% + Heredity and Variation in the Simplest Organisms,” by Pro-
fessor H. 8. Jennings, American Naturalis!, June 1909,
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field of a mieroscope, appear to be rapid; the animal
darts about in all directions if unopposed, but if in its
course it meets with an obstacle it reverses the action
of its cilia and moves backwards, coming to a momentary
halt. The Paramcecium then again reverses the action
of its cilia, moving at an angle to its original course.
So long as the animal is unable to pass the impediment
it repeats these tactics, but when it has turned the
flank of the obstacle it resumes its original passage
onwards.?

In another Family of these unicellular organisms,
we find a group which includes among its members
the Didinium nasutum, and the Actinobolus radians.
The former of these beings in form may be compared
to a diminutive cask, rounded off at one end and ter-
minating at the opposite extremity in an almost level
surface from the middle of which rises a conical pro-
jection ending in an opening which leads into the endo-
plastic layer of the animal’s body ; the cortical layer
of this projection contains a multitude of spindle-
shaped structures (trichocysts), which the Didinium
has the power to discharge, either for defensive or
offensive purposes. The outer or cortical layer of the
animal’s body possesses two sets of cilia disposed in rows,
which always act in unison during locomotion, and the
direction which the animal gives them determines the
course it follows. In the movement forward, all the
cilia are directed towards the anterior part of the body,
when it swims backwards their action is reversed.2

A Didinium moving through the water in search
of food, when it comes within a certain distance of its

! Washburn on “ Animal Mind,” p. 46.
2 “ The Psychical Life of Micro-Organisms,” by A. Binet, p. 50.

B
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prey extrudes a number of its trichocysts, which are
aimed at the being it desires to capture. These dart-like
filaments penetrate and paralyse the prey, the Didinium
extends its conical process which it fastens upon its
victim, and then retracts and so draws its prey in to its
body, where it is soon converted into nutrient matter.
This unicellular animal appears to have its likes and
dislikes as regards food, for it is said to prefer a Para-
mecium for a meal, and rejects the Rotatoria which
abound in the water Didinie® inhabit.

The outer surface of an Actinobolus radians is covered
with cilia ; it also possesses a number of retractile pro-
cesses or tentacles armed with trichocvsts. When at
rest the opening which leads into the interior of its
body is directed downwards, and its tentacles are
stretched out in all directions forming a number of
protoplasmic filaments. Various kinds of small ciliates
and flagellates may become entangled in these tentacles
without injury to themselves or producing any re-
action on the part of the.animal. But if one of the
Halteria happens to come within a short distance of
an Actinobolus the latter discharges its trichocytes
at its prey which it seizes, and aided by its retractile
tentacles passes into its mouth.

Another of the Infusoria (Stentor rwmselia), when
attached by its stem to some solid substance and irritated
by being roughly stroked with a glass rod, first tries
to withdraw from injury by contracting its proto-
plasmic substance at the point irritated, and next
reverses momentarily the direction in which its cilia
are whirling. If these movements are not effective
in getting rid of the cause of irritation the animal con-
tracts its whole body substance upon its stem, and
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remains in this position for some time; should this
movement not effect its purpose, the Stentor loosens
hold of its anchorage and swims away from the cause
of irritation.

If a Vorticella is placed in such a position as to be
removed from all possible sources of irritation, its
movements of contraction and expansion continue
spontaneously, due to energy derived from chemical
changes effected through the agency of its living matter,
movements which closely resemble those made by the
animal in response to mechanical stimuli. Many of
the unicellular organisms do not possess either flagella,
cilia, or other organs of locomotion, their movements
being effected by processes of a mechanical, but none
the less of a purposive nature. Thus the Radiolaria
(Thalassicolla) responds to only two forms of external
stimuli—vibration and heat.!  Under the influence
of wave-action a Thalassicolla sinks till a calm stratum
is reached, and then after a time ascends to the surface.
Towards small variations of temperaturc it remains
inert, as also towards all conditions of illumination
that have been tried ; but a long-continued application
of temperature above 30° C. or below 2° C. induces a
descent from the surface of the sea water, and this is
followed by the death of the animal. The onset of
maturity is also correlated with a descent into deep
water. Professor Gamble explains that the vertical
movement of this animal is due to the formation
and expulsion of fluid lodged in the spaces or
vacuoles contained in its protoplasmic body. In

! * The Protozoa, Radiolaria,” by Professor F. W. Camble. A
Treatise on Zoology,” edited by Sir Ray Lankester, pp. 96, 111,
115, part i first fascicle.
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calm weather, and through a considerable range of
temperature, the interchange of fluid between the
vacuole and the sea is gradual, and the slight wave-
motion reinforces the calymena by acting as a stimulant.
Thus the balance of loss and gain, and with it the sur-
face position, are maintained. But the movements of
larger waves, or extremes of temperature, cause con-
traction of the calymenal plasma. The pseudopodia
are withdrawn, the vacuoles burst, and the animal
descends until the calmer zone enables it to reform
its calymena and recharge its vacuoles, upon which
it ascends.!

It seems to us that the movements of unicellular
beings such as those to which we have referred, taken
as a whole, are but “ poorly explained by the assump-
tion of a machine-like organisation of the cell ” (p. 13).
The living substance of these cells exhibit well-defined
fundamental processes including purposive action; it
also posscsses memory and the power of reproducing
its like. And further, as we have shown, under the
action of energy derived from its environment it under-
goes molecular changes which, in the course of time,
permanently modify its functions (“ Human Speech,”
p. 71). Asfar back as the year 1874 Professor Huxley,
in his address to the British Association, stated that
there could be no doubt, that by continued repetition,
stimuli came to be impressed on corresponding areas
of living nervous matter, and that these impressions

1The calymena consists of a frothy mass of mucilaginous and
vacuolated substance secreted by interstitial cytoplasm, which
surrounds the centrally placed nucleus, embedded in a layer of
cytoplasm. The calymena is thus a peculiar secretion specialised
for contact with the outer world and also for performing functions
such as those above indicated.
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might be excited by various stimuli so as to reproduce
movements which had resulted from the original im-
pression. Action of this deseription, he argued, formed
the basis substance of memory. We have now come
to learn from Professor Jennings that the elements form-
ing the basis substance of memory are not confined
to the living matter of nerve-cells, but that they exist
in the simplest forms of beings whose bodies are’ con-
stituted of what we term undifferentiated protoplasm.
We have, as an example of the cxistence of memorial
impressions in an amceba, referred to the move-
ments of one of these beings as described by Professor
Jennings. This amoeba left the course it had been
following and turned back in pursuit of its prey. Having
captured the small amceba, the presence of this foreign
body acted as a stimulus to the protoplasm of the
captor’s body, which in consequence produced pseudo-
podias, and these processes of living matter displayed
purposive action in that they surrounded and for a
time secured the prey. As Mr Jennings states, the
amaba’s movements seem to have been governed by
the experience it had acquired from former possession-—
that is, the present stimulus re-excited impressions
previously received by the living matter of the organism.
The response to this action became manifest in the
purposive movements made of the living substance of
the amoeba; in other words, its living protoplasm,
on being stimulated, brought past impressions into
action.

This animal seems also to have evinced purposive
action in that it changed the direction of the course
it was following in order to capture its prey. Again,
in the case of the Stentor reselia, after effecting various
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movoments calculated to protect itself from injury,
it gave up further attempts of this kind, and deliber-
ately detached itself from its base and moved away
from the source of trouble. And so again, the move-
ments and choice of food displayed by Actinobolus
are attributable to a purposive or guiding apparatus
which constitutes a part of the animal’s body substance.
Mr G. J. Romanes, when discussing the subject of
the ““ purposive determination on the part of unicellular
organisms,” states, ‘“ it is of course unquestionable that
all the activities in question are highly suggestive of
intelligence ; but, to say the least, it is equally possible
to suppose that all these activities may be due to
special endowments which have been gradually con-
ferred by natural selection on highly specialised, though
wholly unintelligent cells, for the purpose of more and
more efficiently discharging their special functions.” !
Each species of unicellular being has a specific
hereditary molecular structure, and a definite locomo-
tory apparatus; so that if their living substance is
in good working order, and they are placed in a like
environment, their movements should be identical ;
but the individuals forming a crowd of any one species
hustle and bustle about in all directions. Isolated
beings are propelled here and there, by means of their
celia, apparently in search of food, which if they cannot
secure in one place, the action of their locomotory organs
are reversed and the organism follows some other course.
The question is from what source is the energy de-
rived which directs these movements. In the higher
animals we know their movements are controlled by
nervous energy derived from a specialised form of matter

1“The Open Court,” July 11, 1889, p. 1718.
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located in their central nervous system. The uni-
cellular beings have no differentiated nervous or any
other structures, but that is no reason why their living
substance should not contain elements capable of
transforming energy into action, tending to serve the
needs of these simple forms of living beings in their
struggle for existence. We have shown that out of
what appears to be homogeneous living protoplasm
germinal matter is developed under certain conditions
of the environment. Doubtless, it is difficult to realise
the existence in the living elements of a bacterium of
purposive, guiding elements of matter; indeed, the
complex nature of the forces at work in effecting the
simplest biological processes are well-nigh unthinkable ;
and to grasp the idea of processes such as those entailed
in purposive action, requires not only the full exercise
of our thoughts but also of our powers of imagination.
But processes of this kind seem quite possible when we
are dealing with matter which, from a minute particle
of its substance produces a thinking, speaking, being.

If, however, the combination and mutual action
of certain elements of living matter constitute the
basis substance out of which sensitivity, memory, and
spontaneous purposive action are elaborated, it 1is
reasonable to suppose that the protoplasm of plants,
as well as that of unicellular animals, should manifest
phenomena of a similar kind.

The sensitivity of plants to various modes of energy
is such a well-established fact that it is unnecessary
for us to dwell on this subject.

Professor 8. Vines, in his Lectures on the Physiology
of Plants, refers to the motility of their various structures
in relation to what he terms phototaxis; a term which,
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as before stated, Strasburger has employed to describe
the action produced by light on the movements of
plants. Vines states that, in addition to the periodical

F1a. 1 (after Stahl).—Scctions of the phylloid stem
of Lemna trisuleca 4, Position of the chlorophyll-
corpuscles when the stem iy exposed to intense light.
B, Position of the coipusc'es in diffused daylight,
C, Position of the corpuscles m darkness. (*‘ Physio-
logy of Plants,” by S. H. Vines, p. 300 )
movements of plants, the changes in the position of
chlorophyll bodies are the result of phototaxis, and he
dwells on the influence which heat, chemical energy,
and other forces exercise on the movements of plants

(Fig. 1). He attributes this action to the transmutation
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of energy effected by the molecular structure of their
living protoplasm.! The kind and degree of these
movements depending on differences in the sensitivity
possessed by their protoplasm, which in its turn depends
on the store of potential energy it has acquired, and
continues to gain, from the chemical energy it receives
from the environment.? Professor Vines goes on to
contrast these movements with those which, as he
states, result from spontaneous action, and describes
the living structures by means of which such move-
ments become manifest, the transformation of energy
by the living molecules of their protoplasm becoming
apparent in the form of motility, heat, etc.® As an
instance of such action reference is made to the scatter-
ing of pollen by Stylidium adnatum, and to the move-
ments of the foliage leaves of Leguminose. Professor
Vines adds that these “ spontaneous movements,”
from constant repetition on the molecular structure
of the protoplasm, mould it into such a form that its
movements come to be habitual.? We have referred
to the fact, that the living matter of the simplest forms
of organisms naturally responds to specific modes of
energy ; much the same state of affairs is manifested
by the protoplasm of plants. Thus the tentacles of
the Drosera rotundifolia require to be touched several
times before any movements occur, and they react
better to the continued contact of small bodies than
to coarser impacts. These tentacles, however, re-
spond readily to chemical stimuli. The tentacles of
Drosera become inflected much more rapidly when
bodies placed on their leaves contain nitrogenous sub-

1 Vines, p. 525. 2 Idem, p. 525.
3 Idem, pp. 536, 567. 4 Idem, pp. 536, 567.
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stances which can be absorbed by the plant, such as
raw meat, fragments of insects, etc. (see p. 18).
Ammonia gas is one of the most powerful chemical
irritants ; exposure to it induces movements in all
irritable motile organs; on the other hand, the vapour
of chloroform inhibits these movements, producing
chemical changes in the molecular action of the living
protoplasm, and so interfering with its supply of potential
energy or working power.

The memory of plants consists essentially of the
trace or record of a stimulus left on certain elements
of its living protoplasm, a memorial impression, built
up by modes of energy which for the time being may
cease to act. Thus if a sleeping plant is placed in a
dark room after it has gone to sleep at night, it will
be found next day in the light position, and will assume
the nocturnal position as evening comes on—we have,
in fact, what seems to be a habit built into the living
protoplasm by the alternative of night and day. The
plant normally drops its leaves at the stimulus of dark-
ness and raises them at the stimulus of light. But
here we see the leaves rising and falling in the absence
of the accustomed stimulus. Since this change of
position is not due to external conditions, it must be
the result of the internal conditions which habitually
accompany the movements. This is the characteristic
par excellence of habit, namely, a capacity, acquired by
repetition, of reacting to a fraction of the original
stimulus: 1 a process which becomes easier and
more rapid by repetition, and in the higher organisms
is recognised as the phenomena of memory, association,
habit-formation, and learning.

1 President’s Address to the Bﬁti;h Association, 1908.
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Professor F. Darwin goes on to observe, ‘‘ it is impos-
sible to know whether or not plants are conscious; but
it is consistent with the doctrine of continuity that in
all living things there is something psychic, and if we
accept this point of view we must believe that in plants
there exists a faint copy of what we know as conscious-
ness in ourselves.”

We concur in this opinion, if we may be allowed
to interpret the term ‘‘ something psychic” to mean
the inherent property possessed by the living matter
of unicellular beings, of performing work directed by
purposive elements—that is, by action adapted to
control the movements of these organisms for their
own benefit : matter which, as we have before re-
marked, like the nervous system of the higher animals,
guides the action of their motory substance.

From the above facts we learn that the difference
between the phenomena presented by the living matter
of animals and of plants is one of degrees ; their funda-
mental properties are identical, and among these we
recognise memory-like and purposive qualities. The life
cycle of plants do not require a high development of
their purposive living elements, such as is necessary
to ensure the existence of the various classes of animals.
Plants take in from the soil and the atmosphere all
that is necessary for their maintenance, growth, and
reproduction, and have no need, therefore, for instinctive
or intellectual processes to enable them to hold their
own in the struggle for existence ; their power of adapta-
tion to their environment is, however, remarkable.
Darwin, in his later years, freely admitted that the
hereditary character of changes of structure and func-
tions were effected not only in plants, but also in
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animals, as a result of the direct action of their
environment. He wrote as follows to Professor Moritz
Wagner : 1—

“ The greatest mistake I made was, I now think, that
I did not attach sufficient weight to the direct influence
of food, climate, etc., quite independently of natural
selection. When L wrote my book, and for some years
later, I could not find a good proof of the direct action
[i.e. in producing definite variations] of the environment
on the species. Such proofs are now plentiful.”
Leaves of a beech tree developed in the deep shade
of the middle of the tree are so different in structure
from leaves grown in full sunlight that they would
unhesitatingly be described as belonging to different
species. Professor Henslow has for the last forty
years insisted on the fact that the origin of function
and of structure in plants results from the inherent
responsiveness of their living matter to the environ-
ment, and he has brought forward incontestable evidence
to prove that structural changes thus induced in the
course of time become hereditary characters.? Pro-
fessor Henslow remarks, “ I will here pause to repeat
that my object in giving all the preceding details
is not to propose any theory whatever, but to show on
what facts the two conclusions are based, viz.: (1)
that all structures arise by derect adaptation to response ;
and (2) that they may or may not be hereditary. The
condition for the latter is solely a question of time
in the number of generations which have been sub-
jected to the same conditions of life.” * The reader

1 ¢ Life and Letters,” vol. iii. p. 159.

2 “ The Heredity of Acquired Characters,” by the Rev. Professor
G. Henslow, pp. 21, 49.

s Idem, pp. 22, 78.
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is referred to this author’s work on “ Alpine and Arctic
Plants,” as well as to his book from which we have
quoted, for the details concerning the evidence upon
which he relies in making the above statement. The
facts on which he bases his conclusions, so far as we
can ascertain, are incontrovertible, and in our opinion
are sufficient to establish the truth of his reasoning on
this subject.

The evidence we have adduced in the preceding
pages appears to us sufficient to prove the influence
which various forms of stimuli or energy exercise on
the simplest forms of living matter ; and we may add,
from long-continued and careful observation of the
movements of these beings, we have arrived at the convie-
tion that they are directed by purposive energy. The
protoplasm of the simplest known forms of organism
contains somatic and germinal, and we believe, pur-
posive elements. The somatic elements carry on the
work of nutrition, the repair of the substance of the
organism, and the protection of its germinal substance ;
the latter perpetuates the species; and the purposive
elements transmutes energy derived from the response of
the living matter to various stimuli, into action tending
to promote the well-being of the organism. The somatic
elements become progressively developed under the in-
fluence of the environment and natural selection into
complex structures. With this structural development
there is a corresponding evolution of the purposive
elements, first into matter having instinctive functions,
and finally, in the mammalia, into psychical matter,
a fact we shall endeavour to demonstrate in the follow-
ing chapters of this work.



CHAPTER II

WE have shown that the movements of unicellular
organisms are attributable to the action of their living
protoplasm when charged with potential energy, de-
rived from physico-chemical processes. A portion
of this energy is released in response to various
stimuli received by the living matter from external
and internal sources, and becomes manifest in pur-
posive action tending to promote the well-being of the
organism. Matter possessing these properties is capable
of retaining impressions made upon it by repeated
stimuli received from various sources, and these im-
pressions may be re-excited and brought into play by
the action of similar, or by other forms of stimuli to
those which had produced the original impression.
We have now to show that in animals purposive
elements become evolved simultaneously with their
increasing structural complexity arising out of
their struggle for existence. It seems desirable,
therefore, in the first place, to give a brief account
of the development of the nervous system of various
classes of animals, for it is in the living substance of
their ganglionic nerve-cells that we find the clearest
evidence of the action of purposive matter.

Sponges probably represent a divergent branch
sprung from an ancestral stock, from which they, and

other families of multicellular organisms were derived ;
30
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but the sponges appear only to possess a limited range
of evolutionary capacity. They constitute, however,

\ N _ z.

.

F16. 2.—Dlagram of a ganglionic nerve.cell (neuron).
d d d, dendrons ; n, nucleus and nuclcolus ; ac, axis-cylin-
der; m, medullary sheath; s, ncurilemma; ¢, terminal
branches.

the simplest existing family of multicellular animals,
built up of cell-units which are less specialised than in
other forms of multicellular beings, and therefore able
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to perform a variety of functions either simultaneously
or at different times during their life cycle.

The sponges for the most part remain fixed to rocks
or other solid materials beneath the surface of the
sea; their food is contained in the surrounding water
which percolates through the substance of the organism,
consequently sponges do not require the aid of sensory
organs or prehensile and other structure to enable
them to secure their supply of nutriment.

The simplest form of sponges may be compared to
a hollow vase or sac, its walls being formed of a mass
of living cells, the bulk of which are perforated
by a passage or canal, one end opening externally,
the other into the animal’s central body cavity.
The surrounding water passes through these passages
which are lined with the living substance of
the cell. The supply of water entering these canals
is regulated by the action of contractile fibrils which
surround the external openings of the canals, and also
by the sensitive living matter which constitutes the
walls of the canal system.!

The living protoplasm of this, the simplest class of
multicellular animals, forms as it were a link between
that of the unicellular beings, and the next higher
class of multicellular animals (Polyps) in that the outer
layer of cells contains living matter, which produces
somatic and germinal elements.

Passing from the sponges to the next higher class
of animals (Ccelentera) which constitute the most
importart branch of the original stock from which
multicellular animals are derived, and which include
among its members such well-known beings as the

1 *““Human Speech,” p. 103.
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Polyps (Hydroids), and also Jelly-fishes (Medusoids).
The small yellow or green polyps afford us an ex-
ample of this order of animals; their bodies consist of
an outer layer of cells (ectoderm), and of an inner layer
(endoderm), between these we find a thin lamina
(mesogloea), which affords support to the soft structures
of the animal’s body substance. One end of the polyp
terminates in an opening which communicates with the
central cavity of the animal’s body. Surrounding
this opening a number of
bollow arms or tentacles
project outwards, forming
free and movable members.
The living substance of
some of the sensitive ex-
ternal layer of cells of the
animal’s body and tentacles, <= ¢
18 rolonged from the Fie. 3. — Tactlle sensory-cell of
attached surface of the Ittt
. . cell, (After Lendenfeld.)
cell into what is known
as a muscle-cell. From these contractile muscle-
cells protoplasmic processes pass to become con-
nected with the middle layer (mesoglea), and by
their action on this layer they cause movements
of the animal’s body and tentacles to take place
(Fig. 3). ‘
From some of the outer layer of cells of the bodies
and tentacles of polyps, upstanding ' protoplasmic
filaments may be seen ; these processes grow out from
the living substance of these cells. From the opposite
or deep surface of these cells processes of living matter
pass into the subjacent structures and there develop
into nerve.cells (Fig. 4). The nerve-cells send off

a
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branches wiich communicate with neighbouring muscle-
cells, and also with fibrils passing from other nerve-cells.!

A stimulus or cause of excitation acting on the free
outstanding filament of a system such as that referred
to, is conducted to the living substance of the cell,

Fi6. 4.—B8, Scnsory-cell connected with ganglionic nerve-cell. €, Protoplasmic
fibre of a tactile sensory-cell forming nodular enlargements (nerve- cells ?). D, Cnido-
blast connected with ganglionic nerve-cell by a protoplasmic fibre (Medusold)

and by it is transformed into energy which passes to
the purposive elements of subjacent nerve-cells, becom-

1The constant excitation of definite functions gradually effects
certain structural modifications. Accordingly these paths of con-
duction become anatomically differentiated from their surroundings,
and the nerves develop into independent anatomical tissue. In the
protoplasmic structures of plants under the action of stimuli
fibrillar strands may be produced, which represent the channels
along which energy is more readily transmitted than through the
general protoplasm.—¢ Introduction to Study of Physiological
Psychology,” by Dr T. Ziehen, p. 7; and Professor A. J. Ewart,
¢ Streaming in Plants,” p. 102,
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ing manifest in movements efiected by the animal’s
body and tentacles. The outstanding process has been
compared to the trigger of a gun, which, by the action
of external force, sets free a portion of the potential
energy of the substance contained in the cartridge, and
leads to the discharge of the bullet, by force comparable
to that of the nervous energy which becomes manifest
in the movements of a polyp’s body and tentacles.
It is to be noticed that the stimulus or energy acting
on the protoplasmic
trigger is derived from
the environment, and
that the purposive action
comes into play and
directs this force into
appropriate movements.

In addition to the
free projecting tactile
filaments we have re-
ferred to, other pro-

toplasmlc processes may Fi6. 5.—~Diagram of a Medusoid (Sarsia).

1 m, manubrium; es, external surface of
be seen especm.lly on a bell; sh, subumbral’surface; v v, velum ;

hydroid’s tentacles. These 74, sshumteal sty o, coruld ane
filaments pass outwards gn “eclogy.” part . p. 17, The Hydro-
from the living matter of

cells known as cnidoblasts, each of which contain a
barbed filament, the living substance of the cnidoblast
being connected by means of a protoplasmic fibre with
a subjacent nerve-cell. Under certain conditions the
animal can discharge a multitude of these barbed
fibres with force, employing them as weapons of offence
or of defence as its circumstances may require (Fig. 4).

- The Jelly-Fishes (Medusoids) differ from polyps in
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form ; they may be represented by a little animal with
a very long name, the Gomonemus murbachii. These
jelly-fish have been compared in form to an umbrella
having a short handle, or to a bell with a clapper; the
upper convex surface is known as the ex-umbrella, the
lower concave surface is the sub-umbrella, and the
handle is the manubrium (Fig. 5).

The margin of the umbrella or bell is fringed with
tentacles, and a shelf-like layer projects inwards from
the lip of the bell ; this layer
is known as the velum. The
free extremity of the manu-
brium forms the animal’s
mouth ; it communicates
with a passage leading to
the gastric cavity, from
which four canals radiate
through the body of the
- animal to open into a canal

Fia. 6. which passes round the cir-
cumference of the bell.

Beneath the layer of cells which line the surface
of the manubrium, velum, and the under surface of
the bell, we find an intricate meshwork of nerve-fibres,
derived for the most part from two rows of ganglionic
nerve-cells which form a chain encircling the margin
of the bell (Fig. 6). At the base of the tentacles and
margin of the bell there are a multitude of various
descriptions of sensory organs, each of which has become
structurally adapted to receive the different forms of
stimuli which act upon them from without, and to
transmute such forces into energy capable of effecting
a discharge from the subjacent nerve-cells, which be-
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comes manifest in work performed by the muscular
fibres of the animal whereby its various movements
are effected.

Passing from the Hydromeduse to the next higher
class of animals known as the Echinoderms, which
include the starfish with its body and five radiating
arms and their numerous ambulacral feet or muscular
tubes which end in
a plate or suckers.
By means of these
suckers the feet
cling to any solid
substance that
comes within reach -
of the ‘animal’s
arms. The nervous
structure of these
Invertebrata con-
sists mainly of a
central system
which always re-
tains strong indica- Fia. 7.—Dlagram of the nervous [system of a

starfish. a, central nerve-rine swrrounding the
tions Of itS epithelial monltl\; b, peripheral nerves of the arms. (J. Loeb,
61.)

origin. It forms a "

ring surrounding the animal’s mouth from which
nerves radiate to each of the arms and gives off
branches to the various muscular structures, including
those of the ambulacral feet (Fig. 7).

In the snake-armed starfish (Ophiocoma echinata)
a second or deep system of motor nerves exists, the
superficial system at the same time being sensory in
function,

The sensory organs of this class of animals are but
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ill developed, and like the nervous system are derived
from differentiated forms of the outer sensitive layer
of living matter. Pigment cells exist in elevations of
the ends of the tentacles and are known as eye specks,
they lie on separate points of the ““ optic pad ”” and are
connected to subjacent ganglionic cells by means of
nerve fibres, and in this way also with the general
nervous system of the animal.

o The flat worms (Platy-
helmia) are mostly para-
sitic, their nervous system
as a rule consists of a
number of single ganglionic
nerve cells in front of the
pharynx or opening which
leads to the animal’s diges-
tive organs (Fig. 8).

The nervous system,
although less immediately
a part of the outer (ecto-
derm) layer of cells than is

the case with polyps and
o T Sssrlgensla, b mouth ellyfih, is - nevertheless
e harkinal, dorsal, and medio- lagrly derived from the

living matter of this layer.
Leading, as most of the flat worms do, a parasitic
existence, they do not require the aid of a high order
of sensory organs to enable them to procure their
nourishment ; some of them, however, possess “eye
spots ” situated near the anterior end of their bodies,
from these organs protoplasmic fibres can be traced to
the central ganglionic nerve cells.

The segmented group of worms (Chatopoda) which
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includes among its different species the common earth
worm, and the sea-mouse (Aphrodite aculeata) which
abounds on our shores, and after storms are frequently
washed on to the beach. The central ganglia or brain
of the sea-mouse, as compared with that of one of the
flat worms, is a complex structure, which for anatomical
purposes may be divided into a fore and mid-brain ;
between these masses of nervous substance a third

Fi1c, 9.—Transverse section through the brain of Aphrodite aculeata.
X 50. €, root of sophageal connective; '8, fore-brain; GC, gan-
glion eells ; GL, glomeruli; GN, ganglionic nuclei; & B, mid-brain ;
S, stalk of fungiform body; S7, snpporting tissue. (Copied from Fig. 6,
Cat. Roy. Coll. Surgeons, Physiological Series, p. 10.)

aggregation of nerve cells and fibres exists, from which
a pair of stalk-like processes project and expand into
two cellular bodies known as ‘ fungiform masses,”
which form a conspicuous part of the brain of bees
and other insects. Nerves (C, Fig. 9) pass from
the fore-brain round the animal’s gullet to the ventral
nerve cord, from which sensory and motory nerves
are given off to each segment of the animal’s body
(Fig. 10).
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The next higher class of invertebrate animals is
known as the Arthropoda of which the Crustacea form
a large order and include crayfishes, crabs, lobsters,
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F1a. 10.—Diagram of nervous system of a Cheeto-
pod. B, brain; ca, cephalic nerves to supply
sense organs of anterior end of the worm; ne,
nerve cord passing from the brain to seg, the
sub-cesophageal ganglion; sg, segmental ganglia
glving off nerves to the corresponding segments of
the body.

shrimps, etc.  The
first named of these
animals affords a
good example of a
crustacean animal so
far as its sensory
organs and central
nervous system are
concerned.

Fig. 11 represents
a  section made
through the brain of
one of these animals
magnified 50 diame-
ters, it gives an idea
of the complex ar-
rangement of the
nervous  structures
entering into the
formation of a cray-
fish’s brain.

It is to be noticed
that the nerves pro-
ceeding from the
animal’s eyes and

from its olfactory sensory organs terminate in the
nervous substance of the middle segment of the
brain. In this area of the brain two descriptions
of nerve cells may be recognised in some of the
larger Crustacea, the one set of cells are of small size
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and polygonal in form, the other are large pyramidal
cells; the former we recognise as constituting the
sensory receptive station for afferent or incoming energy
passing to it from the sensory organs. The large
pyramidal cells we have reason to hold contain the
motory elements from which energy is despatched to
the muscles of the animal’s body. This part of the
brain therefore corresponds with that which in the
higher classes of animals is known as the basal ganglia.!
This area of the brain constitutes the central station
for lines of communication passing from the principal
sensory organs of the animal’s head and body, and its
office is to co-ordinate this energy and direct it into
forms of activity calculated to promote the well-being
of the organism.

It will be noticed on referring to the figure that the
fungiform matter (GN, ganglionic nuclei of Fig. 11)
is more highly developed in the crayfish than it is in
the brain of the sea-mouse, and that it passes into
direct connection with the middle segment of the brain.
We have reason to think that this nervous substance
is in some way related to the amount of intelli-
gence displayed by the various orders of this class of
animals.

The eyes of the crayfish are highly complex organs
formed of a multitude of visual rods isolated by pig-
ment cells, one extremity of the rod is turned to the
external world, while the other end encloses the end
of one of the fibres of the optic nerve. The rod forms
the instrument by which the refracted rays of light
are brought to bear on the specialised kind of nervous
matter at the base of the rod, which transmutes energy

1 ¢ The Origin of Vertebrates,” by Professor W. H, Gaskell.
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it receives into a form capable, through the action of
the central optic ganglia, of exciting the sensation of
light. In front and above the animal’s mouth are a
pair of long antenne or feelers, these are kept in per-

o

Fig, 11,— Horlzontal section through the brain of Astacus fluviatills. x 40.
CC, corpus centrale; CGB, commissure of globuli; CPCL, commissures of proto-
cerebral lobes; OC, deutocerebrum; &8, globulus; @7, glomernli; GN, ganglionic
nuclei; 0D, decussating bundle of optic tract; OT, optle tract; PCL, proto-
cex]'e;)ral lobe; 7'C, tritocerebrum, (Cat. Physl. Series, Museum Roy, Coll. Surgeons,
vol. il. p. 22))

petual motion and form delicate organs of touch ; they
are supplied with nerves proceeding from the middle
segment of the brain.

We may now proceed to describe some of the move-
ments made by the animals to which we have referred,
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in order to demonstrate that these movements depend
on something more than a chain of reactions to external
stimuli, although these latter are all important in the
evolution and the working of the system through means
of which these movements are effected.

Mr G. Wagner has made a careful and interesting
set of observations on some of the movements and
reactions of the polyp known as Hydra viridis, and
we have been able to confirm the conclusions he has
arrived at from experiments carried out on the lines
he followed. If one of these animals is placed in a
position so as to prevent its being disturbed by
mechanical or other stimuli, it nevertheless makes
quite an extensive series of movements, so as to explore
the surrounding space in quest of food. Many of these
movements are, as Mr Wagner states, *‘ the result of
internal physiological changes, these may very properly
be termed spontaneous.”! The animal effects its
purpose by bending its body over to one side and then
stretching out a tentacle in advance and clinging by
it to a fixed spot, it then loosens its foothold and brings
its body up to the spot to which the tentacle had become
fixed ; this®movement is repeated and the animal thus
passes from one place to another in search of a new
feeding ground.

With regard to the response which the body of a
polyp makes to localised mechanical stimuli, it is to
be noticed that as a whole, to whatever part of the
body or tentacles the stimulus is applied, “ there takes
place a series of general movements of flexion—as if

1 Quarterly Journal of Microscopical Science, Feb. 1905, p. 598.
George Wagner, M.A., on ‘“Some Movements and Reactions of
Hydra.”
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the animal wishes to make itself smaller, and offer
less surface to the pain ” (of the prick).!

A like movement is made under similar conditions
by an amceba; the polyp in contracting becomes
more clearly spherical, and so reduces its exposed
surface to the source of irritation. It is this reduction
of the surface of the body, and thus the chance of escap-
ing from injury, which constitutes the adaptative value
of the contraction in Hydra. There is no movement to,
or from the point irritated, the animal’s substance
contracts as a whole, and beyond this, if after repeated
movements of this kind the animal cannot rid itself
of the stimulus, it abandons its foothold and moves
away from the source of irritation.

If a morsel of raw meat be placed on one of the ten-
tacles of a polyp the limb contracts, at the same time
its other tentacles move up to the food which is thus
grasped and carried to the animal’s mouth ; the ten-
tacles then leave the meat, and return to their former
position. Action of this description only takes place
in response to the irritation excited by food; a
mechanical stimulus alone will not call forth a food
reaction. Mr Wagner therefore arrives at the con-
clusion that reactions of this description are the result
of chemical energy derived from the food substance,
combined with mechanical energy the result of the
contact of the foreign substance with the living matter
of the tentacle on which it rests. We concur in his
opinion, but it seems to us the action of the other ten-
tacles, and their contortions and contractions so as to
bring the food to the animal’s mouth, have only to be
watched in order to convince us that the purposive

1 Wagner, p. 598.
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action of the living matter is clearly a quantity to be
reckoned with in determining the cause of movements of
this kind.

If the surface of a polyp is irritated at a number of
points, as for instance, by a brush of fine bristles, or of
spun glass, a discharge of its nematocysts takes place ;
a result which would seem to depend on a release of
energy from the living matter of the cnidoblast (p. 35)
guided by its purposive action on the motory elements
of the cell.

The sensory organs, nervous system and general
structural arrangement of a jelly-fish are of a higher
order than those of a polyp. In like manner its move-
ments are more complicated, and that they are co-
ordinated by impressions received through the sensory
organs and the chain of ganglionic nerve-cells which
surround the margin of the bell, is proved by the follow-
ing experiment.

If the entire margin of the bell of a jellyfish is re-
moved so that the excised portion consists of an un-
broken ring to which the animal’s tentacles are attached,
and which contains the bulk of its sensory organs, and
the whole of its double chain of ganglionic nerve cells ;
mechanical and chemical stimuli applied to the surface
of the tentacles or to the excised margin of the bell,
induce the same kind of movements of the tentacles
as those which can be produced by stimulating these
parts of the body of an uninjured animal. But after
the removal of the margin of the bell, stimuli applied
to the cut surface or any other part of the swimming bell
fails to elicit any response in the way of movement
or otherwise. This state of affairs tends to confirm
the idea regarding the controlling influence exercised
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by specialisec. elements of the living substance of the
combined sensory organs and corresponding ganglionic
nerve cells, over the purposive movements of the simplest
class of the Ceelentera.

If medus® are kept without food for some days,
and a small piece of raw meat is then held some three
inches from the animal, its tentacles are stretched out
towards the food, and if they fail to reach the meat,
the animal’s body moves to the food, several of its
tentacles then twine round the morsel of meat which
they carry up to its mouth ; the manubrium and sub-
stance of the bell assist in this movement. The
tentacles having deposited the food in the animal’s
mouth, leave it there and return to their original
position.

With reference to these movements Mr Romanes
observes—I conclude that in the margin of all naked-
eyed medus® which I have examined, there is situated
an intensely localized system of centres of spontaneity,
having at least for one of its functions the organisation
of impulses to which its contraction under ordinary
circumstances are exclusively due. Confirmed by the
behaviour of the severed membrane which continues
its rhythmical contractions with vigour and pertinacity
not in the least impaired by its severance from the main
organism, so that the contrast between the perfectly
motionless swimming bell and the active contraction
of its severed margin is as striking a contrast as it is
possible to conceive. Hence if the margin be left in
gitu while other portions of the swimming bell are
mutilated to any extent, the spontaneity of the animal
is not at all interfered with. He adds, when nerve-
cells are collected into ganglia, they often appear to
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discharge their energy spontaneously; so that in all
but the very lowest animals whenever we see apparently
spontaneous action we infer that ganglia are present.!

The explanation of the co-ordinate action of the
muscle fibres above referred to appears to us to depend
on the fact that in the ganglionic nerve-cells of Medusoids,
purposive elements, such as those which exist in the
living matter of the Protozoa, have become more highly
specialised. The ganglionic cells are in communication
with one another and with corresponding sensory organs ;
when the latter are stimulated their released energy
passes to the subjacent nerve-cells, and through the
medium of its purposive elements becomes manifest
in the contraction of definite sets of muscle fibres, and
in this way the various movements of the animal are
effected.

Mr Romanes states that if a sea-anemone is placed in
an aquarium tank and allowed to fasten upon one side
of the tank near the surface of the water, and if a jet
of sea water is made to play continuously and forcibly
upon the anemone from above, the result is that the
animal becomes surrounded with a turmoil of water
and air bubbles. After a short time the anemone be-
comes 80 accustomed to this turmoil that it will expand
its tentacles in search of food, just as it does when
placed in calm water. If now one of the expanded
tentacles is gently touched with a solid body, all the
others close around that body in just the same way as
they would were they expanded in calm water; al-
though the solid stimulus is clearly less intense than that
offered by the bubbles.

1The International Scientific Series. * Jelly-fish, Starfish, and
Sea Urchins,” by G. J. Romanes, pp. 28, 25.
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We pass on from the Hydromedus® to the Echino-
dermata which include the starfishes among its mem-
bers (p. 37). If a starfish is laid on its back, the
tube feet of its arms are extended and moved about

in all directions until the tips of one or more of them
~ turns over and touches the underlying surface upon
which the animal is laid, its ventral tube feet cling
to this surface, and acting from these fixed points the
animal is able in the course of a few minutes to turn
and assume its normal position. If, however, before
placing the animal on its back, the nerves passing
from the central nervous system to the arms are divided,
no co-ordinate action of the limbs is possible, but each
limb moves on its own account; movements of this
description can be accounted for by the presence of
ganglionic nerve-cells located among the tissues con-
stituting the arms; it is for the same reason that pur-
posive movements of an amputated starfish’s limb
takes place and will right itself if laid on its dorsal
surface.

Starfish can not only crawl about by aid of their
tube feet along the bottom of an aquarium, but also
up its vertical glass surfaces. If a piece of raw meat
is placed some six inches from a starving starfish, the
animal at once, and with precision, crawls up to the
food, and if on reaching it the meat is withdrawn,
the animal follows it, and can thus be led about from
one place to another.

These animals are extremely sensitive to light, but
if their eye spots are removed they no longer respond
to this form of stimuli.

W. Preyer states that he selected a starfish belonging
to a species having slender arms, and slipped a piece
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of rubber tubing over the middle part of one of these
limbs.  The starfish tried to get rid of the ring by
rubbing the arm against the ground, shaking it by
holding it aloft and waving it pendulum-like in the air,
holding the ring against the ground with a neighbouring
limb, and putting the affected arm out while pressing
the other limbs against the ring and so endeavouring
by all manner of movements to get rid of it. Should
all these efforts fail, as a last resource the animal casts
off the limb. Preyer ascribes action of this kind to
intelligence, holding that it was a new experience to
the starfish to have one of its arms enclosed and thus
pinched continuously, and that in adapting means to
free itself from this state of things it evinced intelligence.!

It would seem that some of the simplest orders of
worms possess what we may best describe as memories ;
for example, on certain parts of the coast green masses
may be seen floating on the surface of the sea, on closer
inspection these masses are found to consist of ciliated
worms (Convoluta). These beings, as the tide recedes,
are left on the sand, and they instantly proceed to bury
themselves in its substance. The Convolute remain
in the sand until the returning tide, when they emerge
from it and take up their position again on the surface
of the water. The animal thus acquires a habit;
and if then removed from the sea and placed in the still
water of an aquarium it continues to float on the surface
for a time and then to sink to the bottom of the vessel,
thus continuing their periodical action independently
of tidal influences.2 They rise and fall, as they and
their ancestors had been accustomed to do with the

1 «The Animal Mind,” by M. F. Washburn, p. 215.
? “ La Naissance de I'Intelligence,” par Dr Bohn, p. 150.
D
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rise and fali of the tide, and having acquired this habit
or memory which is distinctly purposive in its action,
it continues in operation when placed in different
conditions ; because the elements constituting a portion
of their living substance had become moulded into a
specific form, its work becoming manifest in the move-
ments made by the animal.

The careful way in which worms plug the openings
leading to their burrows attracted Darwin’s attention.
In the first place he found quite young worms followed
this practice, which was therefore more or less an
inherited habit. In a large percentage of trials it
was found that worms draw leaves and pieces of paper
into their holes by their narrowest ends, in this way
the leaf or other substance could most readily be carried
into the burrow. Worms excavate their burrows
either by pushing away the earth on all sides, or by
swallowing it. The burrow is invariably lined with a
thin layer of fine dark-coloured earth voided by the
animal, this lining becomes very compact and closely
fits the worm’s body. The mouths of the burrows are
in addition often lined with leaves quite apart from
those employed to plug the opening. Pine leaves
may be used to form this lining and are then plastered
over and made to cohere to one another. The object
of this seems to be to form a smooth and warm lining
to the upper part of the burrow where the worms are
accustomed to remain for a long time. If the burrow
passes far into the ground it usually terminates in a
little enlargement or chamber, where the worm remains
during the winter rolled up in a ball.2

1“The Formation of Vegetable Mould,” by Charles Darwin,
Pp- 84, 104,
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The common crayfish (Astacus fluviatilis) is a well-
known denizen of many of our streams in this and
other countries, where it may be seen during the warm
weather walking along the bottom of the shallow water
by means of its four pair of pointed limbs in search of
food. At other times we see it at the mouth of the
burrow it has made in the ‘banks of a stream, barring
the entrance with its great claws, and with protruded
feelers keeping watch on passing larva, insects, water-
snails and other objects, which it seizes by means of
its anterior powerful limbs, and carries to its mouth.

The compound eyes of a crayfish are admirably
adapted to appreciate the movements of objects passing
before them. The animal makes use of its claws to
seize these moving objects, showing that it sees them
and can appreciate their distance from its body.

From experiments made by Professor Yerkes, and
J. B. Hugins, on the crayfish (Cambarus affinis) it
appears that these Crustacea have, to some extent, the
power of learning from experience, or as these scientists
hold, the animal after passing through a series of re-
actions drops those movements that are unsuccessful,
so that the animal, ‘““on being after an interval of
time placed in the same situation, the unsuccessful
movements are fewer, and further repetition causes
them to be dropped off entirely.” 1 Whether this is the
method by which a crayfish learns, or whether it acquires
knowledge by the registration of useful impressions
made on its nervous system by external stimuli, which
are re-excited by appropriate modes of energy and

1 See Professor H. S. Jennings, Jour. Comp. Neurol. and Psychol.,
1906, p. 343, on “ trial and error’’ in his paper on “ Behaviour of
the Lower Organisms.”
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become manifest in movements such as those to which
we have referred, must be left as an open question;
the fact however remains, that if a crayfish is placed
in a box one end of which communicates with an
aquarium in which the animal’s food is kept, and “ half-
way down the length of the box a partition put longi-
tudinally divides the box-into two passages, one of
which is closed at the end by a glass plate; in sixty
trials, the crayfishes which had originally chosen the
correct passage 50 per cent. of the times, came to choose
it 90 per cent. of the times. A second series with a
single animal upon which more tests per diem were
made, resulted in the formation of a perfect habit in
two hundred and fifty experiments. The glass plate
was then shifted to the other passage, and the crayfish
was naturally completely baffled for a time, but sue-
ceeded in learning the new habit.” In more compli-
cated labyrinths the animals were at fault, each followed
a habit of its own, one moving directly towards the food,
hunting for an opening near it, and then going to the
middle where the opening was; the other always
following the edge of the screen all the way round
until it came upon the opening.?

Movements such as those above referred to are in-
stinctive in character, that is, are accomplished by
natural hereditary impulses, performed without de-
liberation, and which tend more or less directly to
secure the safety and well-being of the animal. Such
for instance as that which leads the duckling untaught
into the water, the beaver to build its hut, the bee its
comb, the hen to incubate her eggs, etc. Among
these instinctive faculties we include the Emotional,

1 The Animal Mind,” by M. F. Washburn, p. 220.
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the expresssion of anger, pain, pleasure, and so on,
are bodily manifestations which constitute a natural
language of the feelings, and are of a uniform
character in each order of animals. The same may
be said of the Imitative faculty, among which we may
mention the song of birds, and the barking of domesti-
cated dogs.

The evidence we have referred to in the preceding
pages shows that in unicellular organisms the body
substance as a whole responds to the action of the
various modes of energy which act upon it, and is trans-
muted into a form capable of exciting movements
tending to the well-being of the organism. In the
simpler classes of multicellular animals the elements
which in the lower class of beings were purposive,
have become differentiated, and form a part of the
living substance of certain nerve cells which on the
one hand are in direct conmunication with the sensory
organs or receptors of energy, and on the other hand
with motor cells which discharge energy to various sets
of muscles.

Following up the development of nerve cells, we
find that in the lower classes of invertebrates they have
become gradually concentrated into a central nervous
system, which increases in its complexity par: passu
with the structures forming the animal’s sensory organs
and the other structures of their bodies. In the cray-
fish we find this system has advanced so far that we
come to recognise the development of a central nervous
station which receives, and may become impressed
by energy passing to it through the sensory organs.
From this sensory centre motor impulses pass to the
muscles of the body and limbs, Many of the move-
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ments made by these animals come under the category
of instinctive actions. Work of this kind we judge
to depend on a specific arrangement of the molecules
of nervous matter, because, if this matter is destroyed,
although other organs of the body may continue to
work, all instinctive actions are abolished. Beyond
this the same kind of activities are effected by widely
dispersed but similar species of animals, they are there-
fore hereditary in their character, and must depend
on the action of one and the same description of ele-
ments. We hold that this matter has, therefore, heen
evolved out of simpler purposive elements, being adapted
to the requirements of a higher order of beings than those
in which simple purposive action was sufficient to direct
the forces acting on their living substance, into move-
ments capable of providing for their nourishment and
reproduction. We conceive that those orders of beings
which have come most completely into harmony with
their environment, through means of their various
sensory organs, are those which survive and improve
in their struggle for existence.

In the following chapter we propose illustrating
our ideas on this subject by referring to the instinctive
processes displayed by various species of insects.



CHAPTER II1

THE central nervous system of insects consists of a
brain (cerebral ganglia) and of a chain of ganglia which
extend along the ventral part of the animal’s body,
and in many instances are found to have undergone
concentration longitudinally: in some insects these
ganglia become completely fused together. From this
chain of nervous matter sensory and motor nerves are
given off to the animal’s body. This chain of ganglia
is continued upwards into the cephalic ganglia or brain,
which for anatomical purposes is described as the fore-
brain, mid-brain, and hind-brain.

The fore-brain in insects consists of the optic ganglia
together with two masses of nervous substance which
are united in the mid-line by communicating fibres.
In connection with these lobes we find well-developed
masses of nervous substance, which we have referred
to as existing in the Crustacea under the name of * fungi-
form bodies.” In the sea-mouse rudimentary structures
of this description exist, in the crayfish they are more
highly developed ; they reach their highest state of
perfection in insects. For instance, in the working
bee, the fungiform bodies fqrm two deeply concave
masses of nervous matter, situated near the dorsal
surface of the brain. On section they are found to consist
of ramifications of the terminal fibres of nerve-cells,
these cells being for the most part on the outer surfaces

of these structures. Numerous fibres may be traced
55
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from the fungiform bodies to form connections with
centres or nuclei of nerve-cells located in the lobes of
the brain; so that these structures bear some re-
semblance to the cortical matter of the cerebral hemi-
spheres of the lower vertebrates. It may be well,
therefore, to state that within the same order of beings
the size of the fungiform bodies increase in proportion
to the intelligence of the insect, and among social
forms they may even vary in development between
the persons of the society; being, for instance,
proportionately larger in the worker bee than in the
drone or queen.!

The nervous structures connccting the lobes of the
fore-brain may be separated into two bands, from one,
nerves supply the eyes, the other band, which lies in
the centre of the brain is the meeting-place of fibres
from the fungiform bodies, and from the optic and
antennary lobes.

The mid-brain constitutes the antennary lobes, they
are two in number united by transverse fibres. These
lobes give off the larger part of the antennary olfactory
nerves.

Each half of the hind-brain gives off a bundle of
nerve fibres which meet in the mid-line to form a tri-
angular ganglion from which a median nerve runs
posteriorly along the alimentary canal. This ganglion
also supplies nerves to the sensory organs of taste.?

! Mr R. H. Burne, Cat. Phys, Series of Comp. Anatomy, R.C.S.
Museum, p. 35; also M. Dujardin, An. d. Sci. Nat. t. xiv. p. 195,
1850,

2 The above description of the brain of an insect is taken from
Mr E. T. Newton's models. See specimen D 27, Phys. Series,
R.C.S. Museum, also the Museum Cat. p. 34, and the Quart. Journ.
Micr. 8ci., vol. xix, 1879, p. 340.
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We may now turn our attention to the sensory organs
of insects, which consist of structures derived for the
most part from the epidermis, specially modified either
in the form of single or groups of cells which act as
the receptors of energy derived from visual, auditory,
olfactory, and tactile impressions.!

The visual sensory organs of insects consist of com-
pound eyes, in which, what superficially appears to be
a single eye is in reality an aggregate of many eyes,
each with its own retina and dioptric apparatus
separated from its neighbour by pigment-cells.2

J. Miiller in the year 1826 taught that inasmuch
as definition of the image, 7.e. the localisation of the
luminous rays, depends on the co-ordination of the
impressions made through the facets on the nervous
apparatus of the eye, the degree of definition therefore
varies with the number of facets. We can understand
why this should be the case, and that the co-ordination
of stimuli received from different parts of an object
which reach the nervous structures at the base of the

11t is probable that the non-nervous clements of the various
sensory organs that first receive the external stimulus act like a
sieve, arresting certain qualities of the exciting energy and per-
mitting certain other qualities to pass on, so as to act on the specialised
living nervous substance of the various sensory centres. These
receptors of energy have thus a certain power of selection or natural
fitness developed by means of the action of their environment or
struggle for existence.—(Professor T. Ziehen,  Introduction to
Physiological Psychology,” pp. 40, 42.) As we have shown after
leaving a sensory organ by nerve paths, energy becomes subjected
to further selection through the action of an interrupted system
of dendrons, so that by the time it reaches the living matter of the
cerebral ganglionic cell it may be said to have assumed a specific
form.

2 R. H. Burne, Asst. Curator, Roy. Co. Surgeons of England,
Cat. R.C.8. Museum, Physiol. Series, vol. iii. p. 302.
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visual rods, ‘s the work of the ganglionic cells of the
optic lobes of the brain.!

The motions of ether that produce light do not act
directly on the retinal termination of the optic nerve,
but produce chemical changes, or motions in the retina.
It is the result of these chemical processes that act as
stimuli upon the distribution of the optic nerve in the
retina.

Professor Graber, from experiments made on some
of the lower invertebrates, came to the conclusion, that
after he had removed the eyes of these beings they
still responded to the influence of light, for when thus
mutilated they move from the chemical to the calorific
spectrum. Graber therefore concludes, that these
animals perceive light by means of the skin, and that
in their natural condition the action of light reaches
their brains through the cutaneous surface of their
bodies. There can be no question as to the existence
of the response of the surface of living beings to the
stimulus of light, but that is a very different thing from
distinguishing for instance a blue from a red object.
The dermatropic sensations referred to by Graber,
as A. Forel remarks, do not enable the eyeless animal
to see by the skin; it only feels the light, its degree,
and length of its waves.2 These experiments, however,
emphasise the importance which sun-light exercises
not only on the lower, but on the metabolic processes
of every form of living matter.

The visual power of insects depends largely on the
form and the number of facets possessed by the outer

1“The Senses of Insects,” by A. Forel, pp. 69, 129, translated
into English by Macleod Yearsley, F.R.C.S.
3 Idem, p. 69.
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surface of the eye; for instance, the prominent convex
eye of the dragon-fly is said to contain from 12,000 to
17,000 facets. We can form an idea of the acuteness of
vision possessed by these insects if we try to catch one of
them hovering over a pond. The dragon-fly will allow
us to approach our net just near enough to miss catching
it, when off he darts, seeming almost able to measure
the length of the handle of our net, for the insect re-
peatedly flies off just out of reach of the net in spite
of all the trouble we take to hide it. Butterflies and
flies are evidently able to measure the distance from
them of near objects.

Wasps can judge the size and colour of inert objects
by the aid of their eyesight. Thus if some dead flies
are placed together with other insects on a table in a
room where there are wasps, a wasp will soon fly
down and without hesitation alight on a dead fly, which
he will carry off, and this process will be repeated over
and over again without the wasp taking any notice
of the surrounding dead insects. On the other hand,
ants and bees have defective vision for small moving
objects at a distance, because the facets of their eyes,
on whose axis such an object is projected, receive addi-
tional rays from too many other surrounding objects.!
Insects possessing compound eyes direct their flight
by sight, distinguishing colours, objects and distances
by means of their visuo-sensory apparatus.

The olfactory sensory organs of insects consist of
adaptations of epidermal living matter to receive and
transmute a special form of energy into one, which on
reaching certain cerebral centres becomes manifest in
the sensation we designate as odours. By the sense

1 Forel, pp. 11, 13.
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of smell thcrefore we mean the response made by a
specialised system of living matter to definite modes
of energy (stimuli) derived from certain bodies.!

The olfactory sensory organs of insccts are located
on their antenns, where they exist among the stiffer
tactile setee ; they are supplied by terminal branches of
the antennary nerves which arise from ganglionic cells
located in the olfactory lobes of the animal’s brain.
These sensory organs are not situated on precisely
the same part of the antennw in all orders of insects,
but as a rule they are to be found on its terminal free
portion, in the form of structures which have been
shown to consist essentially of modified hairs.?

It has been demonstrated by Lord Avebury and
A. Forel that the different genera of ants, who under
ordinary conditions are natural enemies and fight to
the death when they meet, after having had their
antenna excised may be kept together in the same
box where they live on friendly terms. Having no
antennx, and therefore no sense of smell, they fail to
recognise their diversity of genera, they can in fact
no longer distinguish friend from foe. Male insects
after their antenne have been removed do not recog-
nise the female, they will pass close to their favourite
food without noticing it ; they guide themselves by the
sense of smell, and when their antennx are removed,
fail to retrace their way home from a distance, or to

1 There are hardly any metallic or other bodies which do not mani-
fest, especially on friction, odours of their own. Berthelot calculates
that one gramme of iodoform only loses the hundredth of a milligram
in a hundred years, though continuously emitting a flood of odor-
iferous particles in all directions.—‘‘The Evolution of Matter,”
Le Bon, p. 237.

2 The Senses of Insects,” Forel, p. 94.
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recognise their companions when they reach their
nests. :

If an ant is smeared with fluids pressed from the
bodies of its nest companions, and then put back among
them, they take no notice of the stained insect. But
if an ant is smeared with fluids pressed from the bodies
of a hostilé nest, and then returned among its com-
panions, they at once attack and kill it. Evidently
it is of the odour of the fluids in the two cases which
affect the actions of the ants through impressions
made on their olfactory sensory organs, which pass
through the antennary nerves to the olfactory lobes of
the insect’s brain and re-excites impressions previously
established in its nervous substance.

The antenne of insects are remarkably mobile, so
that the organs of smell can be readily turned in all
directions, this fact leads one to suppose the sense of
smell in these beings may give them ideas of space and
of direction. We can thus account for the fact that
ants distinguish the right and the left side, the front
and back, and know when following a track, in what
direction they are following. * Finally, pursuant to
the laws of association, it allows in insects an olfactive
memory of places such as relational sense alone
possesses.” 1

In order to substantiate the fact that the organs
of smell are located on the antenn® of flies and other
ingects, we may refer to one among the numerous
experiments which A. Forel has made in order to gain
accurate knowledge concerning this point.2 He placed
the body of a dead decomposing mole under a hemi-
spherical wire gauze cover. A fly (Sarcophaga vivipara)

1 Forel, p. 98. 2 Idem, p. 90.
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goon arrived and tried to gain access to the dead animal.
Forel caught the fly, and after destroying its eyes, let
the insect go. It flew about his room, knocking itself
against the ceiling and walls, and finished by falling
on the floor in a helpless state. He then removed one
of the fly’s wings and afterwards placed it near the
mole which he uncovered. The fly went directly for
the dead animal and began to feed on its substance,
and quickly recurved its ovipositor and laid three or
four eggs. Forel then removed the insect’s antenne.
From that moment, despite oft-repeated trials, the
" fly paid no more attention to the mole than to a piece
of stone or a bit of wood. Placed close to the stinking
mole the insect no longer sought to direct itself towards
the carcase. Other flies were treated in the same way,
except that their eye-sight was not destroyed, but after
removal of their antenne they invariably ran about,
and although placed on the mole they were indifferent
to it, and without exception when mutilated in this
way failed to lay any eggs; so much impressed was
Forel with this fact that he is inclined to think that the
desire to lay is, with these insects, a ““ genera] sensation
which can be compared to a sexual appetite, and which
is provoked by an olfactory sensation; for it ceases
immediately after the suppression of the antenne;
whilst other lesions, even the removal of the eyes, which
is more dangerous, do not hinder it.”

Taste—There can be no question as to the fact that
insects as a rule possess the power of distinguishing
between the quality of certain non-volatile substances
before swallowing them. For instance, if morphia
or strychnine are mixed with honey, ants attracted
by the smell of their favourite food begin to eat the
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mixture, but after taking it into their mouths they
leave the tainted honey. If the antenne and palpi
of wasps are removed and the animal’s mouth is then
brought in contact with honey mixed with quinine,
after tasting it the insect immediately turned from the
honey.

From experiments of this kind it appears certain
that in insects the sensory organs of taste are located
within the animal’s mouth, and consist in all probability
of a series of cup-like depressions connected with the
terminal distribution of subjacent ganglionic nerve-
fibres. These pits are numerous on the surface of the
tongue of most insects, and are well marked especially
near the tip and the base of this organ. These gang-
lionic nerve-cells are brought into connection with
nervous centres located in the subcesophageal ganglion,
and possibly with nuclei situated in the hind-brain,

Touch.—The sensory organs of touch in insects essen-
tially consist of structures similar to those possessed by
the Hydromedus® (p. 33), being formed of sensorial
hairs or bristles which are connected with the living
matter of certain epidermic cells and subjacent nervous
structures.” Modifications of this mechanism have come
into existence in the case of insects in consequence of
the rigid hard materials by which the bodies of many
of them are enclosed. The tactile sensory organs of
insects are fairly well dispersed over the whole surface
of their bodies, but are specially well developed on their
mobile antennw ; their palpi, trochanters, and tarsi,
are also regions covered with tactile nerve terminations
and are therefore peculiarly sensitive to touch.

Vibrations of various kinds, but especially those pro-
duced mechanically, affect these tactile sensory organs,
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and become manifest in a sensation which we call
touch or feeling; and which, as is the case with the
other sensory organs, brings previously registered
impressions of the central nervous centres into play,
whereby relational motory actions are brought into
operation.

If we carefully watch the various actions of spiders,
it seems evident that they depend on the mechanical
vibrations of their webs, the tension and the resistance
of which guides them. Their vision is imperfect,
but mechanical vibrations affect the whole of their
bodies through its action on their tactile sensory organs,
resulting in tactile sensations, and particularly the
muscular sensation, and corresponding muscular tension
destined to re-establish equilibration.!

Hearing.—With the exception of crickets and a few
other insects, we have no evidence to show that this
class of animals possess the sense of hearing. They
are extremely sensitive, as already stated, to mechanical
vibrations ; but to auditory waves insects give no
response. We may make as much noise as we like close
to a bee engaged in pillaging flowers, but if we protect
the animal from the mechanical vibrations of our breath
or movements, he takes no notice of the noise we are
making.

From the preceding statement it is evident that
insects possess visuo-sensory organs, and organs of smell,
touch, taste, and the muscular or kinmsthetic sense;
some few of them have the power of hearing. Leading
directly from each of these receptors of energy or sensory
organs, nerve fibres pass to corresponding ganglionic
nervous centres located in definite lobes of the brain,

1 Forel, p. 111.
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These cerebral nervous centres are in intimate com-
munication with one another by means of protoplasmic
processes, and the whole of this system of sensory
organsand cerebral centres are brought into close relation
with the nervous matter we have described as the
“ fungiform bodies,” that is a mass of nervous substance
which reaches its highest state of development in insects,
or that class of invertebrates in which instinctive pro-
cesses are most perfectly developed.!

Through the various sensory organs a flow of visual,
olfactory, tactile and other forms of energy are con-
stantly passing during an animal’s working hours
to the living matter of the ganglionic nerve cells, which
constitute the cerebral centres for vision, smell and touchs
impressions are thus made on this living matter by
these various stimuli. These impressions become more
or less permanently fixed on this matter according to the
hereditary structure of its elements, and their ability
to effect its metabolic processes in a satisfactory manner.

Tmpressions thus made on the living matter of certain
brain-cells are, by means of nerve fibres, brought into
intimate relation with one another, the system thus
formed constituting the basis substance of memory ;

! Professor W. James, in his  Text-Book of Psychology,” pp. 370,
381, 391, defines Instinct * as the faculty of acting in such a way as
to produce certain ends, without foresight of the ends, and without
previous education in the performance.” He adds, ““ every instinct
is an impulse.” An Emotion, Professor James states, *“ is a tendency
to feel, and an instinct a tendency to act, characteristically, when
in presence of a certain object in the environment—emotions are
sensational processes due to inward currents set up by physical
happenings ; they have their bodily expression, which involves strong
muscular activity, and it becomes a little hard in many cases to
separate the description of the ‘ emotional > condition from that of the
¢ instructive ’ reaction which one and the same object may produce.”

®
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in that these impressions are reproduced and co-ordinated
by energy received from like stimuli to those which
produced the original impression or, it may be, by
energy derived from other sources. Memorial im-
pressions in their turn play on specific nervous elements
whose action becomes manifest in instinctive movements.

That insects possess memories is demonstrated by
their actions, for instance Professor J. Loeb states
that a wasp (Ammophila) had made a hole in a flower-
bed in his front yard. Towards noon he saw a wasp
running along the side walk of the street in front of
his yard carrying a caterpillar in its mouth ; the weight
of the caterpillar prevented the wasp from flying. The
yard was separated from the street by a cemented
stone wall up which the wasp repeatedly made an
attempt to climb, but kept falling back. The insect
failing to scale the wall then ran round the bottom of
it until it reached an opening through which it crept
into the yard. Then crawling through the fence which
separated the two yards it dropped the caterpillar
near the foot of a tree, and flew away. After a short
zigzag flight it alighted on a flower bed in which were
two holes. The wasp soon left the bed and flew back
to the tree, stopping twice on the road. It then landed
on the caterpillar it had left and dragged it into its
hole which it then covered with sand. In this train
of action we have clear evidence as to the fact that the
wasp was guided by memory.!

Again, if some honey was placed on a disc of white
paper on a table, a wasp soon appeared and settled
down on the disc to eat the honey; having taken all it

1¢ Comparative Physiology of the Brain and Psychology,” by
Professor J. Loeb, p. 225.
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wanted it flew away, but soon returned and went directly
to the disc for more food; having satisfied herself she
again flew away. This disc was then replaced by a
similar one without honey, and another disc of the same
size as the former one was placed near it with honey
on it. The wasp returned and flew directly to the
small disc, but finding nothing on it, raised herself a
little in the air and alighted on the disc on which honey
had been placed.

Honey was then smeared on white paper cut into
the shape of a cross which was put near a disc without
honey. The wasp returned and soon found the honey,
and having fed on it flew away. The cross was then
removed, and on one side of the spot on which it had
lain, a white disc was placed, and on the other side a
strip of paper with honey on it. The wasp returned
and flew straight to the white disc; and finding no
honey flew away, but soon returned, and after much
searching found the honey on the white strip.

Another band without honey was now substituted
for the band with honey, and a cross with honey on it
was placed the same distance from the spot where the
wasp had been accustomed to feed. The insect re-
turned and flew direct to the new band ; finding nothing
on it she found her way to the cross. Forel remarks
that the wasp remembered the form of the paper on
which, at each visit, she had found a supply of food,
and she flew directly to the paper having the size and
shape of that off which she had fed on her previous
visit.

Forel, continuing the description of his experiment,
states that—the following day the wasp returned
twice to eat at the cross left in the same place as on the
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previous day. He then removed both the insect’s
antenn® ; she flew away and returned in half an hour
to eat of the honey on the cross. After her departure
a similar cross without honey was substituted for the
first; the wasp returned and alighted directly on this
cross hoping to find honey there as usual. Then,
although deprived of antennwm, she began to search,
doubtless recollecting that the white papers on which
the honey was, had already often changed in place
and aspect. The insect had lost its sense of smell, but
the impressions made on its central nervous matter
by the former exercise of its olfactory sensory organs
remained, and were brought into play by visual and
tactile stimuli; the instinct existed in a latent state,
and was put in motion by other forms of energy than
those which first produced the impression on the central
nervous matter.

Forel, in discussing the nature of the instincts of
insects, observes that their purposeful movements are
not merely reflex or simply automatic, but very well
co-ordinated ; almost all prompted by the combinations
of instinctive reasoning by the aid of sensorial impressions,
and admirably adapted to their object. He adds, we
speak here of the directive acts of the individual and
social life of insects, of their *“ will,” very inferior
no doubt to that of vertebrates, but not essentially
different.!

As an example of the outcome of processes above
described in insects we may mention the slave-making
ants (Polyergus rufescens); these insects are incapable
of tending their young and even of feeding themselves.
At a particular period of the year when the nests of the

1 Forel, pp. 117, 118.
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black ants contain the neuter brood—at a given signal
made by certain of the leaders of a nest of red ants,
an army of these insects leave their nest, and advance
in fairly straight lines, the vanguard which consists
of eight or ten ants, continually falling back to the
rear. In some cases the whole army separates in search
of nests of black ants (Formica fusca or rufibarbis).
At last a nest of these latter species having been found,
a signal is given by striking the forehead of a neighbour;
this signal is passed from one red ant to the other, and
the army re-forms. On arriving at the black ants’ nest
a desperate conflict ensues, which ends in the defeat
of the negroes; and the red ants then enter the nest,
and leave it almost instantly, each insect holding a
larva or pupa in its mandibles, which they carry home
with all speed. In the return of the army there is
never any hesitation ; the olfactory and visual memory
of the outward journey is sufficient to make known
to each ant the exact road. Having reached home
the red ant hands over the stolen larva to a slave, and
as a rule sets off immediately to the pillaged nest if
it still contains more larvee, or.they may put off the
return journey until the following day. Forel states
this return journey is never made if the pillaged nest
has had the whole of the larv removed ; he remarks
“the fact appears to me to furnish irrefutable proof
of their memory. They must remember if the pillaged
nest still contains pupee or not, that is to say, if there
are many or few. Neither reflexes, nor odour, nor
polarised tracks can explain the thing.” 1

The stolen pupz are treated by the red ants with
great care, and when grown up spend their lives in

1 Forel, p. 239.
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excavating passages, collecting food, carrying larve,
ete., for their masters ag if this had been their original
destination, in fact they fulfil the offices of slaves.

Weismann states that the red ants cease to build
their own dwellings and in great measure to care for
the young, or even search for their own food, all work
of this description being performed by their slaves.
In the course of time, he argues, the instinet to search
for food became unnecessary, was neglected by the
selective power of nature, and gradually passed away.
He adds, “ no instinct, no organ of the body has per-
manency unless absolutely requisite to the preservation
of the species. Panmizia, or, if you will, the remission
of natural selection, brings it about that the superfluous
is reduced to the absolutely necessary—in the end the
organ which is no longer indispensable to life is entirely
removed, and a complete equilibrium is again established
between the structure of the body and the work it has
to perform. In this aspect, retrogression is a part of
progression.!

Many insects guide themselves essentially by vision,
as for instance the dragon fly; their antennz are rudi-
mentary and the sense of smell imperfect. By night
these insects are motionless. Ants and many other
genera of insects depend on energy received through
their olfactory sensory organs to guide them from one
to another place. It is by the sense of smell that
one family of ants recognise another and the male
knows a female; having wandered from its home in
search of food, the ant retraces his footsteps by means
of his olfactory sensory organs. For if its antenna
are removed it fails to find its path, to distinguish

1 “The Open Court,” pp. 1855, 1857, vol. for 1889.
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between friend and foe, or to appreciate the difference
between the sexes.

When referring to the structure of the fungiform
bodies of insects we stated that their size was found
to increase roughly in proportion to the intelligence
displayed by various orders of insects, for instance
these bodies are proportionately larger in the working
bees and wasps than in the male insects. The males,
however, have more highly developed eyes and antenna
than the working bee; in spite of their being the most
unoriginal stupid beings, their sensory organs and the
corresponding cerebral nervous centres are fully de-
veloped. Their brains, however, as compared with
the working insect, are deficient in respect to the size
of its fungiform bodies, or in that part of the cerebral
nervous substance in which, as we hold, their instinctive
processes are perfected.

With regard to bees there can be no question that
they are capable of receiving impressions from their
fellows which excite in them emotions they are able to
communicate to their companions.

If a queen bee is removed from her hive, the workers
soon discover their loss and raise a prolonged, acute,
and plaintive sound. The queen having been secured
in a wire cage was placed in the upper tier of working
bees; almost immediately their buzz was changed
from a doleful to a joyful sound, which was taken up
and repeated by bees in the most distant part of the
hive.

A remarkable fact demonstrating the exercise of
the instinctive power of bees is afforded us by their
action in swarming. Before the queen is allowed to
leave the hive, scouts are sent out to seek a suitable
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locality for the swarm to settle on. After having
chosen a spot the scouts return and conduct the swarm
to the place they have selected, showing not only a
memory of places but a remarkable display of instinctive
action in their movements,

Among invertebrates instinctive movements have
probably reached their highest point of perfection in
ants and bees, and we find a corresponding order of
structural organisation of their brains. If there is one
organ more than another which increases in complexity
as evolution proceeds—which is the most essential
organ for upward progress? surely it is the central
nervous system, especially that portion of it called the
brain.!

Assuming that Professor Bellonci is correct in his
ideas as to the existence of an area of nervous matter
in the mid-brain of insects, which corresponds to that
of the basal ganglia of vertebrates, we may assign to
this nervous substance the function of directing their
instinctive movements, aided by energy received from
the nervous matter of their fore brain. Beyond this
we cannot overlook the fact of the existence of the
fungiform bodies which constitute so prominent a
feature of the fore and mid-brain of insects; and
which bear a direct relation to their movements.

The energy which directs the instinctive movements
of insects or any other beings, cannot arise ex nihilo,
it must be derived from work performed by some kind
of hereditary nervous substance, because the same
kind of movements are effected, or it may be restrained,
by the same species of insects through numberless
generations in all parts of the world, when exposed

! Professor Gaskel on * The Origin of Vertebrates,” p. 65.
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to similar conditions. Instinctive, therefore, without
doubt, but none the less, in its natural state, brought
into action through work performed by stimuli received
through the sensory organs and their corresponding
cerebral nervous centres.



CHAPTER IV

IN previous chapters we have shown that the simplest
known forms of living matter manifest purposive
action, and that with an increasing complexity of the
structures and organs of the bodies of progressively
advancing orders of animals, their purposive actions
have become developed into instinctive movements.
No hard and fast line, therefore, can be drawn
between purposive and instinctive actions; the latter
have come into operation in response to the action of
the environment on elements which in the lower
forms of beings were manifest as simply purposive
movements,

We pass on to show that in vertebrates evidence
exists confirming the idea of the evolution of purposive
into instinetive matter, and also that from this latter
substance matter is evolved having psychical or
intellectual functions. We conceive that these three
forms of matter consist of like elements which have
been structurally modified through the action of the
environment, and under the laws of natural selection
have become perfected or brought into harmony with
the forces acting upon them. To illustrate our
meaning we might compare purposive matter to the
root of a tree, instinctive matter to the stem, and
psychical matter to its branches.

A family of animals known as the Protochordata

has been held to constitute the link between
74
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invertebrate and vertebrate animals. This family is
represented by a small creature the amphioxus which
is to be found on our coast and that of many parts
of Europe. The animal is some two inches in length,
is fish-like in form, and swims rapidly through the
water by sinuous movements of its body. The
amphioxus, however, spends most of its time buried
in the sand, the anterior end of its body projecting
into the water. An opening exists on this extremity
of the animal which is closed by the contraction of
muscular fibres encircling it, and is further protected
by twelve tentacles provided with sensory epithelial
structures.!  The amphioxus feeds upon minute
organisms contained in the surrounding water which
passes through its mouth and out by the animal’s gill-
slits ; in its passage the nutrient matter it contains
comes in contact with rows of cilia lining the gullet
and by their action is directed into the intestine.

An animal leading a life of this kind requires
nothing higher than purposive action to direct its
movements; and we find, with the exception of tactile
sensory organs, the amphioxus only possesses a single
median eye-spot, and near it a ciliated slit which is
supposed to be olfactory in function.

The animal’s central nervous system consists of an
unsegmented tubular cord of nervous matter, which
narrows to a point at either end, and terminates
anteriorly in the median eye-spot, it gives off two
pairs of sensory nerves to the snout. From the rest
of the nervous cord a series of nerves arise, correspond-

‘ Comparative Anatomy of Animals,” by Gilbert C. Bourne,

vol. ii, pp. 172-202; also E. Haeckel’s work on ‘ The Evolution of
Man,” vol. i. p. 416, Plate xi.
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ing in number and position to the myotomes or
sections of the animal’s body. The central canal
of the mnervous system is lined by a supporting
epithelium, outside which is a layer of glanglionic
nerve-cells, and external to these non-medullated
nerve-fibres. In front the central canal forms a
vesicle; from the nervous matter forming the walls
of this vesicle protoplasmic processes pass into relation
with the structures forming the eye-spot and olfactory
sensory organs.

Passing on to the simplest of the true vertebrata,
the cartilagenous fishes, which include such animals
as the lampreys (Petromyzon marinus), we find a
vertebral column forming a support to the other parts
of the animal's body, this cartilagenous structure
together with a skull are an efficient protection to
the central nervous system. These animals possess
no trace of limbs, and may be regarded as represent-
ing a remnant of an old and simple class of
vertebrates, which are far below the structural stage
reached by genuine fish.1

It is well in this place to give a general outline of
the structures which enter into the formation of the
brain of this, the simplest class of vertebrate animals,
especially in relation to the development of its two
corpora striate, and optic thalams, for it is largely upon
work performed by the nervous substance of these
parts of the brain that the hereditary character of
animals depends. As we shall proceed to show,
neither in fishes nor amphibia do we find even
rudimentary cortical or psychical nervous areas in
connection with their cerebral hemispheres, so that

1 ¢ The Evolution of Man,” by E. Haeckel, vol. ii. p. 102.
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the traits of character evinced by this vastly
numerous, ancient, and important class of animals

Fic, 12,1—.4, The spinal cord, is prolonged upwards into B, the medulla oblongata
(myelencephalon). In this region the spinal cord secms to widen out into a thin
membranous roof covering the central canal (fourth ventricle). The lateral walls of
the medulla oblongata contain aggregations of ganglionic nerve-cells, which form the
nuclei or place of origin of some of the most important nerves of the body. C, The
metencephalon forms ashort section’of the brain, its roof is known as the cerebellum,
the arms of which encircle this section of the brain (Pons Varolii). D, the Mid-brain
(mesencephalon) consists of ventral and lateral walls of nervous matter enclosing a
narrow canal (Aqueduct of Sylvius), Its dorsal wall forms the two optic lobes.
E. the Inter-brain (diencephalon) constitutes, by means of its thickened lateral walls,
the optic thalami; the dorsal wall is also thickened at one point by fibres which
connect the two knot-like portions of nervous substance known as the nuclei
habenule.2 F, the Fore-brain (telencephalon) consists of paired lateral lobes from
the anterior end of which processes pass to the olfactory lobes. A membranous roof
connects and covers the lateral lobes of the Fore-brain ventricle, which divides
anteriorly into a Y-shaped cavity and is continued into the olfactory bulbs., The
common cavity with that of the inter-brain (diencephalon) constitute the third
ventricle of the brain; the lateral or olfactory portions are comparable with the
lateral ventricles of the mammalian brain.

1 «“The Nervous System of Vertebrates,” by Professor J. B,
Johnston, pp. 14, 25.
2 Cat. Roy. Col. Surgeons Museum, p. 87, vol. ii. Phys. Serics.
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consist of work performed by purposive and in-
stinctive living nervous matter.

In the fully formed vertebrates the brain for
anatomical purposes is divided into five sections, as
follows (Fig. 12).

The latero-ventral walls of the fore-brain are thick
and include in their substance two masses of nervous
matter known as the corpora striate (forming one pair
of the four basal ganglia); they are connected in the
mid-line by nerve-fibres.

The optic thalami (which form the second pair
of the basal ganglia) are included in the nervous
substance of the lateral walls of the inter-brain,
consequently in the lowest class of vertebrates we
find that four masses of nervous substance exist
within their brain, that is the right and left corpora
striata, and the right and left optic thalami; these
four nervous centres constitute together the basal
ganglia.

If we examine properly prepared sections of the
nervous substance of the basal ganglia of a lamprey we
find it consists of an intricate mass of ganglionic nerve-
cells and fibres. Among these cells, especially in the
corpora striata, large pyramidal cells with well-defined
axions may be seen (Fig. 2); these fibres pass into
the medulla and spinal cord, and convey motor energy
from the living substance of these cells to the ‘muscles
of the body. Besides these motory cells a multitude of
smaller sensory granular cells enter into the formation of
the basal ganglia especially of the optic thalami. Nerves
passing from the olfactory, visual, and tactile organs of
the animal’s head and body terminate in connection
with the living matter of these sensory cells.
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The point to which we wish to draw special
attention is, that in the lowest, that is, the simplest,
existing class of vertebrates, four masses of cephalic
ganglionic nervous substance constitute the foundation
on which the other parts of the animal’s nervous
system rests. For we find innumerable fibres or
lines of communication passing to and from the
ganglionic nerve-cells of the basal ganglia, to nerve-
cells located in the olfactory and visual lobes of the
brain, and to the nuclei of the nerves originating in
the medulla oblongata and spinal cord. So that the
basal ganglia form the central receiving station for
energy passing from all the sensory organs of the
animal’s body. As we shall subsequently show,
energy thus passing into the nervous substance of the
basal ganglia plays on matter previously impressed by
stimuli, and re-excites such impressions which becomes
manifest in the movements we speak of as instinctive.l

The lampreys are eel-like in shape, they vary
greatly in size from a few inches to three feet and
upwards. These animals have a circular mouth
armed with numerous hard tubercles which perform
the purpose of teeth; the tongue acts like a piston.
The animal thus attaches itself to a fish and sucks its
blood ; it also eats soft animal matter. The upper
and lower jaws, and a double nostril, which appear
in all the higher vertebrates, are absent in the
lamprey, their nasal organs consisting of a single
cavity situated in the dorsal mid-line slightly in front
of the plane of the eyes. A short passage leads from

! Cat. Phys. Series, Roy. Col. Surgeons Museum, vol. ii. p. 67;

see also Proceed. of Zoolog. Society, Oct. 1909, “ The Anatomy of
the Olfactory Organs of Teleostean Fishes,” by R. H. Burne,
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the nostril to a globular olfactory chamber, the posterior
wall of which lies close in front of the brain, and is
lined with folds of the olfactory membrane. The
lower part of the sac is prolonged into a blind pouch
which shares in the alternate expansion and contraction
of the branchial cavity, and is thus a mechanism for
the production of currents of water into, and out of
the olfactory chamber. The passage of the incoming
water through the olfactory chamber is ensured by
a suitable arrangement of valves situated at the lower
end of the first segment of the nasal passagel (See
Specimen E 85, Phys. Series, R.C.S. Museum.)

The auditory organs of the lamprey consist of a
single chamber and two semi-circular canals. The
auditory nerve supplies terminal branches distributed
to the saccular appendage of these canals; this nerve
originates in an aggregation of ganglionic cells located
in the lateral walls of the medulla oblongata. Fibres
passing from this nucleus enter into relation with those
proceeding from the nerve-cells of the optic thalami.

The next higher class of fishes (Elasmobranchii)
include sharks, dogfish, etc. =~ The brain of these
animals is remarkable on account of the great develop-
ment of its olfactory lobes; the optic lobes are also
conspicuous. The medulla oblongata or hind-brain of
many genera of these animals is of large dimensions,
containing the nuclei or ganglionic cells from which
important nerves originate and supply of various organs
of the body.

The structural arrangement of the nervous matter
of the brain of the cartilagenous fishes is complicated,

1 This description is taken from Mr R. H. Burne's Cat., vol. iii.
p- 73, Phys. Series, Roy. Col. Surgeons Museum.
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and contains well-developed basal ganglia, its walls
however consist of a relatively thin outer and a thick
cellular layer surrounding the ventricles ; there is not
a vestige of cortical structures, that is of specialised
living matter having psychical functions,!

The olfactory organs of these fishes consist of a
passage which is open externally and extends back-
wards into an olfactory chamber. The walls of this
chamber are lined by a membrane in which the olfac-
tory sensory organs are located, the nerve fibres passing
from these organs terminate in relation with those
of the ganglionic cells of the olfactory lobes of the
brain.

A shark’s eyes consist of a cartilagenous outer case
into which the muscles directing the movements of the
eyeball are inserted. The outer transparent layer of
the eye is flat and thus adapted for aquatic locomotion ;
the lens has a sharp anterior curvature to compen.
sate for the loss of a refracting cornea. A muscular
diaphragm or iris with a central, often contracted
opening (the pupil), is located between the lens and
cornea in the space known as the anterior chamber of
the eye, which is full of fluid. Behind the lens is
another space (the vitrious chamber) lined posteriorly
by a pigmented vascular layer (choroid), which is con-
tinued forwards into the iris.2  External to the
choroid the retinal or nervous sensory elements of the
eye are spread out ; these elements are derived from an

1Cat. of Roy. Col. Surgeons Museum, Physiological Section,
vol. ii. p. 68.

2 This vascular pigmented layer serves to absorb surplus light
passing to it through the transparent media of the eye, and it also
supplies nourishment to all the structures enclosed within the onter
or sclerotic tunic of the eyeball,

F
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outgrowth of the brain, whereas the lens and other
parts of the eye are produced from an invagination of
the epidermis. The retina consists of a complicated
arrangement of rods and cones.

The organ of hearing in the Elasmobranchi consist of
a membranous labyrinth buried in the cartilage of
the animal’s skull, as a rule it has an external opening
leading to a cavity formed by an invagination of the
epidermis. This organ is divided into two chambers,
one of which is more directly the organ of hearing,
the other with alterations in the position of the
animal! TFishes can hear, but have no power of
discriminating between different qualities of sound.?

Taste.—The lips, tongue, mouth and gullet of fishes
are covered with aggregations of sensory cells, which
are supplied with nerves whose component fibres
belong to a special visceral sensory system, and are
probably sensory organs of taste.

Touch.—Sensory tactile organs are distributed
over the surface of the body of fishes, and certain
parts, especially the head in the gurnet, is provided
with stiff barbels, which are constantly in use when
the animal is feeding at the bottom of the water,
and which when swimming about they completely
conceal in a groove beneath the head.

The brain of fishes possessing a bony skeleton differs
from those to which we have referred, in that their
structures are more concentrated, and are remarkable
for the strong development of their optic lobes. The
cerebrum is represented by a pair of rounded basal

1 Cat. Roy. Col. Surgeons Museum, vol. iii. Phys. Series, p. 144.
! Lee, Journ. of Physiol., vol. xv. 1894, p. 311, and vol. xvii. 1895,
p. 192.  Am. Journ. Phys., vol. i. 1898, p. 128.
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ganglia, roofed over by an epithelial non-nervous
structure.

Sharks and rays (EKlasmobranchii), constitute the
living representatives of the primitive form of
fishes, their existence in Devonian strata being a
well-ascertained fact ; that is to say, the progenitors
of the existing sharks lived on the earth before any
land animals had come into existence. The remains
of these fishes increase greatly in the deposits of the
Coal and Permian periods. The air-breathing or land
vertebrates, unlike their water-breathing progenitors,
developed lungs and consequently a modification of
the circulation of the blood and the organs connected
with this system. Other modifications in structures
and organs of the bodies of these animals afford us
examples of the power which the environment exer-
cises in gradually effecting changes of this kind.!

The mud-fishes of Southern Australia, Africa, and
South America, retain the earlier mode of breathing
through gills in addition to the newly acquired lung-
respiration. During the rains they swim in the
water like fish and inhale through their gills, but in
the dry season they burrow in the mud as it dries up,
and breathe air through lungs like amphibians and
the higher vertebrates. Their skin is covered with
large fish-like scales, their skeletons are soft and
cartilagenous. The structure of the brain of these
animals (see D 120, Mus. R. Col. Surgeons, Phys.
Series, Cat., p. 105) resembles that of primitive fishes,
its highest development being in the cerebral hemi-
spheres which resemble those of the amphibia, their
walls however are very thin and contain no vestige

1 Haeckel, pp. 115, 118. {
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of the layers of nerve cells characteristic of the cerebral
cortex of the higher classes of animals.

From experiments made by J. Steiner we learn, if
the head of a shark is amputated, the animal’s body
for some time continues to make swimming move-
ments, in the same way as the body of a salamander
or of an eel would do under similar conditions.
These movements are due to reflex actions, that is, the
surrounding water stimulates the tactile sensory organs
of the surface of the body, nervous energy is thus .
released and passes to the animal’s spinal cord, where
it re-excites previously existing impressions which
pass to motor elements and become manifest in the
swimming movements of the body.

The next higher class of animals (the Amphibia)
are represented by the Urodeles and the bull frog ;
their cerebral hemispheres appear to be of compara-
tlvely large size, but their walls are thin and show no
signs of a cortical layer of cells such as that which
forms the neopallinm of the higher classes of animals.
The hemispheres are oval in shape and project back-
wards to some extent over the lateral parts of the
fore-brain so as to form imperfect occipital lobes. The
brain of the bull frog (Rana catesbiana) is remarkable
for the size of its optic lobes which form prominent
oval bodies separated in the mid-line by a deep fissure.

In fishes, and more distinctly in the amphibia, the
free ventral layer of grey nervous matter of the
corpora striatas contains a layer of pyramldal cells
known as the Epistriatum.

“This layer of cells sends out protoplasmic processes
ha\ing a peculiar knobbed structure ; many of these fibres
come into relation with the ganglionic nerve-cells of the
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olfactory centres, others pass downwards to communicate
with bipolar and unipolar ganglionic cells of the optic
thalami, which are connected with visual and gustatory
impulses. The hemispheres of the brain in this class of
animals may be shown to be formed by a folding-over
of the lateral walls of the fore-brain, and the layer of
pyramidal cells of the epistratum pass on into the super-
ficial layer of what is known as the hippocampal lobe.
This fact demonstrates the intimate connection that exists
between the structures forming the corpora straita and the
centres for olfactory and gustatory impulses, and affords
us a type on which the nervous substance of the ncopallium
in mammals is built up.!

The sensory organs of the amphibia are more
highly developed than in cartilagenous or bony fishes,
for instance, in the case of the bull frog (Rana
catesbiana) in addition to a membranous labyrinth
such as exists in fishes, rudiments of structures known
in mammals as the cochlea are developed, which
play an ecssential part in the appreciation by the
animal of differences in sound.  Between the
tympanum of the frog’s ear and the membrane of the
cochlea, a small bone extends, through which vibrations
affecting the tympanum are transmitted to the mem-
brane of the cochlea. From experiments made by

1 See Johnston, pp. 297, 303, 304, 308, 315; also Cat. Roy. Col.
Surgeons, p. 213, and Fig. 33, p. 123; also ““ Further Advances in
Physiology,” edited by Leonard Hill, article by J. Shaw Bolton,
p. 315. Inthe higher orders of beings, including man, the cerebral
hemispheres are composed of white and grey nervous matter, the white
pervading nearly the whole of the middle of each hemisphere, where
it forms the medullary centre, and extending into the convolutions ;
the grey forming a covering of some thickness over the whole surface
of the convolutions (cortex), and occurring also at the base of the
hemispheres in the so-called basal ganglion (corpus striatum). Quain’s
Anatomy, vol. iii. pt. i. p. 163.
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Professor Yerkes on frogs, it appears that these
animals appreciate differences in sounds not only by
their movements, but also by alterations in the rate of
their breathing when exposed to alterations of range
of auditory vibrations! That these movements de-
pended on the action of the auditory apparatus was
shown by dividing the auditory nerves of these animals,
that is, the connection between the ear and the auditory
cerebral centres; after this operation is performed
movements in response to vibrations of sound are
abolished.

Having adopted in part a terrestrial mode of life, the
olfactory organs of the amphibia have become modified
in response to the altered nature of their environment,
and afford a direct passage for air to enter the lungs,
and also contain the specialised sensory organs of
smell. These organs are adapted to receive impres-
sions made on them by odorous elements, and to
transmute this encrgy into a form capable of exciting
the sense of smell in corresponding areas of the brain.

The amphibia depend to a large extent upon the
organs of vision for their supply of food, and to warn
them of approaching danger. These animals appear
capable of discriminating between red and white
colours ; this is demonstrated by forcing a frog to
follow a certain track in a simple labyrinth in order
that he may obtain a supply of food.2 At the point
where a choice between the right and wrong paths
occurred, “a red card was placed on one side and a
white card on the other. When the frog had learned
to take the correct path towards the white, the cards
were exchanged, without any other alteration in the

1 Jour. Comp. Neur, and Psych., vol xv. p. 279. 2 Idem.
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conditions, and the decided confusion of the animals
indicated that they had discriminated between the red
and white cards, and had learnt to react with refer-
ence to this discrimination.”1 The small green tree
frog after a hundred trials learnt without a fault to
follow the right path by which to obtain its food in a
simple labyrinth.

Professor Flourens found that after he had re-
moved the cerebral hemispheres of a frog the animal
continued to swim when thrown into the water.
Movements of this kind, as in the decerebrated shark,
are due to stimuli received by the tactile sensory
organs of the animal’s body, which pass to the nerve
cells of the spinal cord and through their motor fibres
to the muscles concerned in the act of swimming.
The neuro-muscular system of these animals has
acquired the power of executing these movements
in virtue of the hereditary structural arrangement of
its elements, which had been exercised, and thus
improved, during the previous lifetime of the animal.
But, as Professor Goltz and Schrader have shown, if
together with the cerebral hemispheres the basal
ganglia are destroyed the animal loses all power of
spontaneous or instinctive action; a frog thus muti-
lated will, if left to itself, remain motionless until in
the course of time it dies. But if the toes of the
brainless frog are pinched the animal withdraws the
limb, reflex action remains. but all instinctive move-

1¢The Animal Mind,” by M. F. Washburn, p. 142,

Professor Schrader concludes from the result of his experiments on
frogs that their central nervous system can be divided into a series
of sections, each of which is capable of performing an independent
function,
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ments are abolished with the removal of the cerebrum,
including the basal ganglia.

If, however, the cerebrum of a frog is removed
exclusive of the optic thalami, instinclive actions are
retained ; if an obstacle is placed in the path of the
animal, and it is then excited by a prick on its foot,
it moves away and either bounds over or avoids the
obstacle. The mere act of leaping away may possibly,
in case of necessity, be regarded as a complicated
reflex action ; but the fact that the frog avoids the
obstacle shows that its instinctive elements are still
at work, and are located in the nervous substance of
the optic thalami.

It is evident that the basal ganglia are more com-
pletely developed in the bony than in cartilagecnous
fishes ; and with this more perfect development of
the nervous structures of this part of the brain we
find its functions are of a corresponding higher
order. For instance—in the case of the sticklebacks
(Gasterosteus trachurus) during the nesting and
spawning season the male fish becomes a metallic
green colour, the lower part of his throat a bright
crimson, and the back is ash-green. He proceeds to
construct his nest on the soil at the bottom of the
water he inhabits. The fish collects a quantity of
grass-stalks and other fibres, which he cements with
mucus that exudes from the surface of his body ; in
order to accomplish this, he passes backwards and
forwards over the materials he has collected. 1In
this way a dome-like hollow structure is reared, at
the side of which a small hole is left, its edges being
strengthened and rounded off with great care. The
fish then seeks a mate, and conducts her to the nest
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he has made ; she enters at the hole, and in a few
minutes has laid some eggs, after which she bores a
hole on the opposite side of the nest to that by which
she had entered and makes her escape. The nest
having two openings, a stream of water can pass
through it and the eggs are thus kept at a normal
temperature. This process is repeated day by day
until the nest contains a considerable number of eggs.
The male then takes up his position to defend the
nest from invaders, a period lasting for a month.
During this time he has frequently to fight many
battles with often larger fish than himself; in making
these attacks the little creature seizes their fins and
strikes furiously at their head and eyes. As the
young fish appear and grow they are apt to stray;
the male brings them back to his allotted precincts
until such time as they are able to protect themselves,
when he ceases his guardianship and returns to freedom
of action.!

The action taken by salmon in the preparation of
spawning-beds and the care of their young is remark-
able ; after passing from the sea a pair of fish select
a gravelly shallow. The female deposits her eggs in
shallow furrows in the gravel, to which they adhere
by a thin coating of glutinous matter, the male at the
same time shedding his milt over them. The trenches
in the sand, according to Mr J. Shaw, are made by
the female throwing herself at intervals of a few
minutes upon her side, and while in that position, by
a rapid action of her tail, she digs a receptacle for her
eggs, a portion of which she deposits and turning on

1“The Angler Naturalist,”” by H. Cholmondeley-Pennell, pp.
81, 84.
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her side, covers them over with sand. The male
seems to take no part in this work, but after it is
completed he takes up his place as sentry over the
eggs, for which he has at times to fight fiercely, for
other male fish are anxious to appropriate his charges.
He is thus kept incessantly on the alert until the
eggs are hatched and the fry able to take care of
themselves.

Mr Pennell states that in company with Mr Bartlett,
Superintendent of the Zoological Gardens, Regent's
Park, he visited the house in which perch are kept,
the keeper of these fish was also present. So long as
the keeper walked about in front of the aquarium
occupied by the perch they took no notice of him;
but on Mr Bartlett directing this man to walk away
from the tank towards the cupboard where the net
was kept by which food was introduced into the tank ;
the instant the keeper made this movement the fish
became intensely excited, and rushed to and fro across
their enclosure erecting their fins and exhibiting un-
mistakable emotional movewments.

Further evidence of this kind might be adduced in
order to demonstrate the kind of instinctive and
emotional movements effected by animals through
means of the nervous substance localised in a definite
part of their brain; if this substance is removed
during the animal’s lifetime all such movements
cease.

The emotional characters of these classes of animals
vary as much as their instinctive qualities, some of
them are pugnacious, bold, cunning brutes, others
timid, harmless creatures. But they all have one
character in common, which is, that their instinetive
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and emotional qualities are passed on from one to
succeeding generations of beings.

Starting from the rudimentary mid-brain of the
crayfish (p. 42) and other invertebrate animals, we
trace a gradual evolution and concentration of the
nervous matter forming the brain and spinal cord
which, in the lowest class of vertebrates, has become
developed into a system such as we have indicated.
A system by which the various receiving and trans-
mitting stations of in-coming and out-going streams
of energy are brought into co-ordination, through
means of the living matter contained in the ganglionic
nerve cells of a definite area of the brain. The result
of this action in the classes of animals we have
referred to becomes 1nanifest in instinctive and
emotional movements such as those we have described;
for we repeat, if this matter is destroyed although
other parts of the brain may be spared, and the
animal continues to live, all its instinctive and
emotional activities are abolished.

It is on these grounds we base our opinion
regarding the instinctive action of living elements
contained in the basal ganglia of the lowest classes
of vertebrates ; and in the nervous substance of the
mid-brain in the higher orders of invertebrate
animals. A system of this kind depends in the first
place on the nature of the hereditary arrangement of
the elements of which it is formed ; secondly, on the
efficient supply of materials, and the performance of
the fundamental processes appertaining to this matter;
thirdly, on the kind of exercise the system has re-
ceived from the dawn of its existence onwards. It is
by means of proper training that the various parts of
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the system come to work together in harmony for the
benefit of the individual and species as a whole.

We defined living protoplasm to be a form of matter
which acts as a specific transformer of non-vital into
vital modes of ecnergy; in like manner -certain
constituents of the nervous substance located in the
basal ganglia consist of a specialised arrangement of
elements which act as a transformer of energy derived
from the sensory organs into instinctive movements.



CHAPTER V

Passing from amphibians we come to the next
higher class of animals, the reptiles; before pro-
ceeding to consider those parts of their brain with
which we are more directly concerned, it is well to
state that there are other lobes of the brain than those
to which we have referred, considering it well not to
overburden a complicated subject with details which
do not directly bear on the line of investigation we
are following. But it is necessary to state that, in the
classes of animals we have described, the nerves
proceeding from their olfactory and gustatory sensory
organs pass to ganglionic cells located in what are
known as the Pyriform and Hippocampal lobes. The
exposed surfaces of these lobes on the median and
inferior parts of the brain consist of nervous
matter which is described as the cortex, mantle
pallium or covering of these lobes. The cortex of the
Hippocampal lobe contains a layer of cells derived from
those of the basal ganglia, but does not contain layers
of ganglionic cells such as those which characterise the
pallium of the hemispheres of the brain in the higher
orders of animals. Tt is only when we reach the class
of reptiles that we find indications of the develop-
ment of a layer of ganglionic nerve-cells in the cortex
or pallium of the cerebral hemispheres, derived, we
believe, from the instinctive matter of the basal

ganglia (p. 84). To distinguish this new development,
93



94 THE NEOPALLIUM

of nervous maiter from the pre-existing Pyriform and
Hippocampal pallium, Dr G. Elliot Smith has given
it the name of the Neopallium. This layer of cells
is of importance to us, in that we hold the functions
performed by its living substance to be psychical in

Superficial layer of nerve

fibres, * molecular” Inyer. I. Molecular layer of cells.

Small, medium, and large 11. Supra-granular layer,
pyramidal cells, Pyramidal cells.

Granular or stellate cell layer. 111, Granular layer.

Inner layer of mnerve fibres 1v.
with large solitary cells.
Infra-granular layer.
Inner layer of polymorphic V.
cells.

Diagram showing approximately the relative depth of the cerebral cortex or
neopallium of an adult human brain. (After J. S. Bolton,)

character, arising, as we have said, out of the in-
stinctive matter of the basal ganglia.

In reference to this subject Dr J. S. Bolton states,
that in the higher classes of animals that part of the
cercbral cortex known as the neopallium is derived
from the polymorphic or inner granular layer of the
cortex. He “suggests that in the earliest attempt
at evolution of structures which come to be of any

1 Prof. Elliot Smith has demonstrated that the neopallium—the
“organ of mind ”—is evolved from the hippocampal system.—The

Lancet, The Arris and Gale Lectures, delivered at the Royal Col.
Sgns., Jan. 1, 15, and 22, 1910.
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considerable functional value?! the neopallium follows
the plan of the cortical architecture long previously in
the phylogenetic scale laid down in the Hippocampus,
which plan in the latter situation has become fixed,
and, as a plan, permanent. The earliest and lowest
grade of neopallial representation is thus, as regards
structure, a repetition of the hippocampal type, granular
and infra-granular cortex. By the accrescence of a supra-
granular layer of varying depth and complexity of its
component nerve-cells, different grades of representa-
tion may be reached, and are reached to some extent
in the same animal, even if this occupies a lowly place
in the mammalian phylum, and to a greater extent
the higher is the position in the scale to which the
animal belongs ” 2 (p. 84).

Although in reptiles, such as the ringed snake
(Tropidonotus natrix), the layer of cells in the
cerebral cortex is very limited in extent, and it is
doubtful if cortical tracts pass from its cells into other
parts of the cerebrum, nevertheless it is particularly
noteworthy as indicating the commencement of another
order of faculties than those we included under the
term instinctive.

In addition to the development of a rudimentary
cortex the reptilian brain is larger in proportion to the

1 ¢ Further Advances in Physiology,” edited by Leonard Hill,
p- 315, article by J. S. Bolton on ‘‘ Recent Researches on Cortical
Localisation and on the Functions of the Cerebrum.”

2 For further details on this subject refer to Dr Elliot Smith’s paper
in the Journ. Anat. and Phys., vol. xxxv. p. 431, and to Professor
J. B. Johnston’s work on “ The Nervous System of Vertebrates,”
pp. 207, 303, 311, 315, Fig. 164, Diagram, Fig. 151, p. 308. See
also Figs. 563, 54, p. 173, Cat. Roy. Col. Surgeons Museum, vol. ii,

Phys. Series. F. W. Mott and W. D. Halliburton on * Lemur’s
Brain,” Proceed. Roy. Soc. B., Vol. 1xxx., 1908.
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rest of the ne-vous system, and more highly differ-
entiated than that of amphibians or fishes. With this
increase in the size and structure of the reptilian
brain we find a corresponding development of their
sensory organs.

The eyes of reptiles resemble those of the
amphibia in structure, but in addition possess a
mechanism by means of which they have the power
of adjusting the focus of their refractive media to
near and distant objects. This more perfect power
of accommodation is a distinet advance beyond the
visual apparatus of any of the lower classes of animals.
The auditory organs also of reptiles are more highly
developed than they are in the amphibia and
approximate to that of birds.

Professor Yerkes has made experiments on turtles
and other reptiles in order to ascertain how far they
were capable of learning by experience. His plan is
to place these animals when starving in a labyrinth
which ended in a tank containing food. The test
was to see how many times it took the animal to find
the nearest path to its food, or in other words to
successfully overcome the obstacles placed in its way
before it could reach its food. 1In the early stages of
their education it was found turtles took thirty-five
minutes to complete their passage through the
labyrinth to the tank ; but in the course of time these
same animals became so thoroughly acquainted with
the obstacles placed in their path, and so apt at
avoiding them, that they passed through the labyrinth
in some three or four minutes.

Not only did turtles come to learn and to remember
their way through the labyrinth, but on reaching the



THE MEMORY OF PLANTS 97

edge of the tank, in place of moving down to the
water on an inclined plane made for this purpose,
the animals discovered a more expeditious mode of
reaching their food was to throw themselves over
the side of the tank into the water.!

From experiments of this kind we obtain evidence as
to the existence in reptiles of a faculty, by which certain
elements of their living substance are able to retain and
utilise former impressions made upon them by various
form of stimuli. With reference to this power of
memory as before stated we know that certain flowers
close with the setting sun and open with the dawn
of day, and we attribute movements of this kind to a
response of the living matter of the flower to energy
received from the sun. But if flowers of this kind
are removed from the light and heat of the sun, and
shut up in a dark cool place, they continue for some
days to open and close at the same time as when
exposed to sunlight. We account for these latter
movements in plants by assuming that one of the
inherent properties of living protoplasm is, not only
to respond but also to retain impressions made upon
it by frequently repeated and appropriate stimuli;
and that through the constant operation of energy of
this kind, the molecular structure of its germinal matter
becomes modified so as to transmit these characters to
succeeding generations. Matter possessing properties
such as those to which we have referred continues
to produce movements for a time without receiving
a further supply of solar energy, and thus con-
stitutes what we take to be the basis substance of
memory or the power of retaining for future wuse

1 The Animal Mind,” Washburn, p. 222.
G
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vmpressions vecetved by the action of various modes of
energy.

In some of the simplest descriptions of unicellular
beings we have evidence showing that they act on
impressions they have previously acquired—for
instance the amba, referred to by Professor Jennings,
appears to have been guided in its endeavours to
capture its prey, as he remarks, by former experiences,
or in other words by its memory. The ammba acted
by energy derived from impressions it had thus
acquired and reversed the course it had been following
in order to effect its object.

We may therefore best describe the basis substance
of memory as living matter impressed by action pre-
viously derived from appropriate modes of energy, and
which may be rendered active by the same form of
stimulus to that which originally produced the im-
pression, or by other modes of energy. The movements
thus effected in unicellular organisms are, as a rule,
purposive, being directed by the same form of energy
as that which controls movements made on their living
substance in response to the direct action of stimuli.

In the class of birds which follow the reptiles in
the ascending scale of animal life, we find that the
neopallium or outer surface of their cerebral hLemi-
spheres consists of a superficial strata of granular
matter containing two layers of polymorphic cells ;
from the inner surface of these cells nerve-fibres pass
to and from all parts of the animal brain, some of
them extending through the medulla oblongata into
the spinal cord (Fig. 13).

After removing the outer layer of the cerebral cortex
or-neopallium of a bird’s brain, we see the large corpora
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striata projecting into the lateral ventricles, and behind
them a part of the optic thalami, a considerable portion
of these ganglia are extra-ventricular and lie em-
bedded in the cerebral hemispheres! The substance
of the corpora striata consists of aggregations of gray
nervous matter with numerous bundles of white fibres,

F1q. 13.—(4) Bird's brain. PC, position of excitable areas; CH, cerebral hemi.
spheres; cer, cerebellum; ol7, olfactory bulb; ol, optic lobe. (B)represents the path
followed by energy derived from Z, the Interual ear which passes to an, the sensory
auditory nucleus, and from thence to bg, the basal ganglia ; from these ganglia part
of the released energy passes directly to mn, the motor nucleus of the muscles con-
trolling VA4, the vocal apparatus; part of the energy from bg passes to p, the
psychical cortical area, from which energy extends tomn,and soto V4. The second
nervous arc starts from an, and giving off energy to by, passes direct to p, and from
ptomn, giving off energy in its path to bg.

which latter may be traced to and from all parts of
brain, including the ganglionic nerve-cells which con-
stitute the essential part of the cerebral cortex. Itis
evident from a structural point of view that, as in the
lower classes of animals so also in birds, the basal
ganglia constitute the central receiving and transmitting
station for impressions received from the whole of the

1The intra-ventricular part of the corpora striata is separated
from the extra-ventricular part by a layer of white substance (internal
capsule) and forms what is known as the nuclens lenticularis which

can only be seen by sections made down to it through the hemi-
spheres of the brain,
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sensory organs of the head and body of these animals.
In addition to this, fibres pass between the cerebral
cortex and the basal ganglia.

We have already stated our reasons for considering
it probable that the living matter of some of the cells
of the cerebral cortex originate in differentiation of the
substance derived from the basal ganglia. But what-
ever the origin of the cerebral cortex in birds may have
been, we find it extends in this class of animal so as
to form incipient occipital and temporal lobes; and
definite areas of this layer of nervous substance con-
stitute sensori-motor and memorial centres. Thus if
certain areas of the surface of the cerebral hemispheres
are stimulated by means of a weak electric current,
definite groups of muscles of the animal’s limbs and
other parts of its body contract, followed by a move-
ment of the part. If other areas of the surface of the
cerebral hemispheres, are irritated, no such movements
are induced. We have reason to believeit is in these
latter areas that the nervous substance has become
specialised, and constitutes what we term psychic or
consciousness matter, very limited in quantity and
rudimentary in structure in a bird’s brain, but becoming
progressively developed in the next higher order of
animals, the mammalia, and reaching its highest state
of development in civilised human beings (Figs. 13
and 14).

In the pseudo-occipital lobes of a bird’s brain
an area or centre of nervous substance exists in
which fibres from their visual system terminate, and
from whick fibres originate which pass into relation
with living matter located in the central receiving
station or basal ganglia. If the nervous matter form-
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ing the right and left visuo-sensory cortical centres are
destroyed, the animal may still have some amount of
sight, but its power of appreciating the nature of
objects is wellnigh abolished. @ The same result
follows if the fibres forming the lines of communica-
tion between the visual centres and other parts of the
cerebrum are destroyed. In the natural condition of
the visual system, if the animal’s retina is stimulated
by means of luminous impressions, a part of its
potential energy is released and conducted by mnerve-
fibres to the optic lobes, and so to the visual nervous
centres. The result being a more or less accurate
appreciation of the nature of the thing which has given
rise to the impression or to definite adaptative responsive
movements.

The Sensory Organs of Birds—In addition to the
tactile organs contained in the cutaneous surface of the
body, in some birds special organs of this kind exist
along the margin of their beaks, and upon the surface
of their mouths and tongues, which assist the animals
in their search for food.

The Olfactory system of birds has an external open-
ing leading into a space which is divided into a lower
respiratory passage passing to the lungs, and an upper
or olfactory chamber over the surface of which the
sensory organs of smell are scattered. The olfactory
nerves pass from the brain and terminate in these
sensory organs. In some birds such as the albatross
the olfactory bulbs are of a remarkable size, but as a
rule this system in birds is not of a high order.

The organs of Hearing in birds, which include those
of equilibration, are formed from invaginations of the
epidermal layer, which becomes differentiated to form
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the various parts of the animal’s ears. The tympanum
lies below the level of the skin at the bottom of a
short canal. The tympanitic cavities probably act
as resonators ; internal to this cavity is the cochlea,
over the surface of which the sensory organs of hear-
ing are distributed. These organs receive the terminal
fibrils of the auditory nerves which arise from aggrega-
tions of ganglionic cells located in the walls of the
medulla oblongata. From these nuclei other fibres
may be traced to the grey matter of the optic thalami
and the corpora striata ; it is still an open question if
fibres pass from what is probably an auditory centre
in the basal ganglia to a sensori-motor auditory centre
in the cortex of the temporal lobe of a bird’s cerebrum.

The Visual apparatus of birds reaches a high order
of efficiency. The eyes of these animals are large, and
in consequence of the wide curve of their posterior
wall a considerable expanse of retinal surface is
obtained. Provision is also made for a great range of
distant and near vision. A special arrangement of
the globe of the eye has been developed so as to enable
nocturnal birds to see in the dark. With this highly
specialised organ of vision a corresponding increase
in the size of the optic lobes of the cerebrum takes
place, and they become marked features of a bird’s
brain.

‘We need not dwell on the instinctive, emotional, and
mimetic characters of birds—their skill in building
their nests, care of their young, pride, jealousy, pugnac-
ity, love of home, migration, are familiar to us all.
Every one of these processes are abolished if the
animal’s basal ganglia are destroyed, although after
being thus mutilated the bird may continue to live. On
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the other hand, in the natural state, these processes
which form such marked features of a bird’s character
exist with highly developed basal ganglia.l

We have in our previous volume described the
results produced on the movements of birds by re-
moving their cerebral hemispheres during life ; but
as these results are important in their bearing on
our ideas it may be well to refer to them in this
place.

Professor Schrader states that after he had excised
the cercbral hemispheres of a pigeon, and subsequently
allowed the opening he had made in the skull to heal,?
—if the bird is placed a few feet above the ground in
the centre of a room, he probably remains there for
some time as if asleep, but then rouses up and hops
down on to the floor, wandering about the room all
day and sleeping throughout the night. If a chair is
placed in the room the pigeon will fly up and seat
itself on one of the arms of the chair. Dut a pigeon
under these conditions must be fed by placing peas
well back into his throat, when he will swallow them ;
the bird would otherwise die of starvation, having lost
all desire to take food spontaneously.

From numerous experiments of this kind, Professor
Schrader arrived at the conclusion, that after the
complete removal of a bird’s cerebral hemispheres the
animal loses his intellectual capacity or consciousness.
A female bird, after excision of her cerebral hemi-
spheres, makes no response to the coo of the male bird
or to the rattling of peas in a bag, or to the whistle

! Pfliiger’s Archiv; Professor Max Schrader, “Zur Physiologie
Vogelshirns,” Bd. xliv. 1889.
2 Pfliiger’s Archiv, Bd. xliv. 1889,
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which previous to the removal of the hemispheres,
made the same bird hasten to her feeding place.

For instance, a falcon some time after the cerebral
hemispheres had been removed was shut up in a cage
with a mouse. The falecon when the monse moved
pounced down from his perch and caught the mouse
in its claws, but made no attempt to devour it. The
mouse crawled away from the bird, and when it again
moved about the cage the falcon again seized the
animal. This process was often repeated until one
day the mouse attacked the bird, which made no
effort to defend himself, and appeared indifferent to
what happened. The movements of the mouse in
the falecon’s cage excited visual impressions which
passed to the bird’s optic lobes, and produced move-
ments through the optic thalami leading to the capture
of the mouse. But the falcon having seized its prey,
had no idea what to do with it.

The movements, therefore, of a falcon mutilated
in this way, like those of a pigeon under similar con-
ditions, were to some extent instinctive. The
impulses started in the bird’s retina, passed to the
optic lobes, and through them affected the nervous
elements of the optic thalami. The excitation of
certain nerve-cells in these ganglia caused a
discharge of nerve energy which became manifest
in movements terminating in the bird seizing the
mouse. If the hemispheres of the animal’s brain
had not been removed, the excitation of the nerve-
cells of the basal ganglia would, in part, have extended
to the bird’s visual cortical centres, and thus produced
conscious visual sensations by means of the connection
of these centres with those of the psychical nervous
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apparatus located in other parts of the cerebral cortex
(Fig. 14). -

The evidence given in this and the preceding
chapters seems to us sufficient to substantiate the
following statement.

Purposive action, and modifications in the structural
arrangement of the elements of living matter in
response to energy derived from its environment, are
fundamental properties of every description of this
substance (animal or vegetable). If the action of
the environment which first produces a structural
modification of the elements of living matter be con-
tinued for many generations, such changes become
hereditary characters. Fixed changes in the struc-
tural arrangement of the elements of living matter
produce modifications in its functions.

The whole of the living substance of the simplest
forms of beings exercises purposive action, but as the
elements of this matter undergo differentiation under
the influence of their environment, its purposive
elements likewise become developed, so that in each
succeeding higher class of beings we find evidence
of the differentiation and evolution of these elements.

In the lowest classes of multicellular animals
purposive matter is connected with the living
substance of nerve-cells which are in direct relation
with the various sensory organs. We have given an
outline of the development of this system, and
established the fact that from simple purposive,
instinctive matter has been developed, and in birds
has attained a high degree of perfection. With
this order of perfection we find a corresponding
increase in the size and structural arrangement of



106 THE EVOLUTION OF PURPOSIVE MATTER

those parts of the central nervous system in which
these elements of living matter have become located.

In fine—the evidence we have given establishes
the presumption that, in the various classes of animals
we have referred to, their movements are directed by
purposive and instinctive living elements; and that
these movements are all-sufficient for the preservation
and rcproduction of these classes of beings, and are
directed by specialised elements of well-defined areas
of their brains.



CHAPTER VI

WE have hitherto been engaged in establishing the
fact that the instinctive, emotional, and mimetic
actions displayed by invertebrates, and the lower
classes of vertebrates, depended on work directed by
nervous elements located in a well-defined part
of their brain. Movements directed by purposive
and instinctive elements of this description are
sufficient for the maintenance and reproduction of
these classes of animals; and are of no less importance
in the higher or mammalian orders of beings, in that
these elements form the basis substance out of which
the hereditary characters of these as well as the
lower animals are elaborated. But in each ascending
order of animals the struggle for existence becomes
more intense, and their members must meet these con-
ditions either by following some eminently safe mode
of life, or else producing some special protective
apparatus by means of which they may avoid extinec-
tion. Evolution, as a rule, follows the latter path,
and under the action of the environment, has in the
case of mammals developed from instinctive elements a
higher order of matter endowed with psychical functions.
We thus find a gradual increase of the neopallium
from the lower to the higher orders of the mammalia,
that 1is, of intellectual or consciousness matter,
culminating in the brain of man and thus securing to

him the commanding position he holds in the world.
107
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As we have already shown, the rudiments of the
cerebral cortex exist in reptiles, in birds they are more
highly developed. DBut even in the lowest classes of
mammals there is a decided increase in the dimensions
and the complexity of this layer of nervous substance,
which spreads so as to separate the visual, auditory,
and other sensory areas of the cerebrum, and thus
comes to modify its anatomical character. Among
other changes effected in consequence of the growth
of the cerebral hemispheres is the development of a
vast multitude of inter-communicating fibres which
bring the two hemispheres into co-ordinate action.
The growth of this mass of fibres displaces some of
the internal structures which exist in the lower
vertebrates, otherwise the conformation of the mam-
malian brain does not essentially differ from that of
the lower classes of vertebrates. This remark is
strictly applicable to the basal ganglia, for these
important nervous structures are present in the mam-
malian, as in every other description of vertebrate
brain.

Dr Gustav Mann describes the thalamus of the
mammalian brain as consisting of two oblong masses
of nervous matter which “for convenience of descrip-
tion” he divides into eighteen segments! It is
beyond our purpose to attempt to follow Dr Mann’s
account of the structure and relation of the various
parts of the thalamus to one another, but his work
on this subject indicates the complexity which the
structural arrangement of the nerve-cells and fibres
have reached in this part of the mammalian brain.

1 British Med. Journ., vol. i. 1905, p. 289; see ‘also Professor
Johnston on “ The Nervous System of Vertebrates,” p. 265.
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Dr Mann holds that the functions performed by the
living substance of the thalamus are mainly sensory,
and the corpora striata are motory. In his opinion,
therefore, the basal ganglia form two great sensori-
motor centres. In fishes sensory impulses pass from
the sensory organs to the corresponding nuclei of the
thalami, and being correlated with motor areas of the
corpora striata become manifest in instantaneous
muscular action; in the mammalia, in consequence of
a large share of the sensori-motor work of the thalmo-
striatum centres being connected with the cortical
nervous centres, the responses to visual, anditory, and
other impressions are slower than in the lower classes
of animals, but they gain in associative precision of
action.

The progressive development of the central nervous
system, from the simpler to the more complex form of
mammalia, has been so recently described by Professor
Johnston in his work on “The Nervous System of
Vertebrates,” that it is unnecessary for us to enter into
its details! We propose, therefore, to pass on at once
to consider the central nervous system of one of the
higher orders of mammalia in so far as it bears on our
subject.

In the case of domesticated dogs and other car-
nivora, the brain attains much larger dimensions in
proportion to the size of the animal’s body than is the
case in birds and the lower orders of mammals.?
This increase in the size of the brain is attributable

1 The collection of specimens to be seen in the Museum of the
Royal College of Surgeons may with the greatest advantage be
studied by persons interested in this subject.

2 Cat. Roy. Col. Surgeons Museum, vol. ii. Phys. Series, pp. 237,
263.
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almost entirely to the increase in the growth of the
animal’s cerebral hemispheres. In birds and in the
simpler orders of mammalia the surfaces of the cerebral
hemispheres are almost smooth, but in the carnivora
certain fairly constant depressions or furrows are
found, known as sulei or fissures, which are produced
by an infolding of the cerebral cortex, thus allowing
a large amount of its substance to be packed within
the narrow compass of the unyielding walls of the
skull.

Not only is the cortex of the cerebral hemispheres in
the carnivora more extensive both in superficial area
and depth, in proportion to the rest of the brain
than it is in birds, but the number of layers of cells
forming the cortex and their complexity of arrange-
ment, is distinctly of a higher order in the dog than it
is in a parrot’s brain.

The cortex of a dog’s cercbral hemispheres consists
of several layers of cells which differ in form, and
which with certain modifications are to be found in
all parts of the cortex ; the large cells of certain of
the motor areas point to the functions performed by
the living matter of these cells, and the existence of
a polymorphic granular layer of cells is a sure sign
of sensory functions! We know that bundles of
medullated nerve fibres pass in vertical streaks through
the deeper layer of cells; some of these fibres convey
impulses derived from the cortex downwards to the
basal ganglia, the medulla oblongata and the spinal
cord, other fibres pass upwards from these regions to
the cortex. In addition to this system of fibres

1Dr F. W. Mott and Professor W. D. Halliburton, * Proceedings
of the Royal Society,” B, vol. 80, p. 140,
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numerous strands of association fibres pass between
the cortical sensori-motor centres ; and lastly all the
sensory organs of the head and body are brought into
communication in the substance of the basal ganglia,
and terminate in the sensori-motor areas of the
cerebral cortex (Fig. 14). Not only can we demonstrate
the existence of this intricate system of nerve-fibres

F16. 14,—Dlagram to illustrate the course followed by some of the nerve fibres
which pass upwards from the spinal cord and downwards from the brain into the
cord, represented by the black lines, other lines indicate the course of some of the
prinelpal bundles of association fibres, The dots represent the corter (neopallium)
of the cerebral hemlspheres,

and cells by aid of the microscope, but also from
experimental and clinical experience, for if any one
or more of the cortical nerve centres are destroyed by
Injury or disease the functions performed by its living
matter are at once interfered with ; and the nerve-
fibres originating in the cells of the part destroyed
degenerate, in this state they may be traced throughout
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their course to other parts of the central nervous
system.

We may now proceed to study the nature of the
functions performed by the different parts of a dog’s
cerebrum. If the surface of the animal’s cerebral
hemispheres is exposed during life, and a weak eclectric
current applied to definite areas of its surface, certain
sets of muscles of the animal’'s head and limbs
are brought into action; extirpation of the nervous
matter of these areas produces a corresponding paralysis
of these sets of muscles. Under the former condition,
energy released from the nervous substance stimulated,
passes by motor tracks to the basal ganglia, medulla .
oblongata, and spinal cord, and thus brings definite sets
of muscles into play. Excitation of the same motor
central areas is always followed by similar muscular
action in the same animal or class of animals to which
it belongs.

If however an clectric current is applied to the
greater part of the surface of a dog’s cerebral cortex,
muscular movements are not excited ; and from the
results of experiments to which we shall allude, it
appears that these areas of the cortex correspond to
those through means of which psychical processes are
elaborated. Ideas, or mental images of external objects
which are formed in the sensori-memorial cerebral
centres of vision, hearing, and so on, are in the
psychical or association areas of the cortex brought
into connection with one another, the result being a
more or less accurate appreciation of the nature of the
thing which had given rise to the impression on the
nervous matter of the sensory centres, and thus to
definite responsive movements.
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Professor Goltz removed the whole of the cerebral
cortex and subjacent fibres from the brain of a living
bitch, and kept her alive after being thus mutilated for
some eighteen months.  After the animal’s death he re-
moved the remainder of the brain from the skull and
found it to consist of the hind-brain (medulla oblongata)
with the nuclei of the nerves originating in its substance,
also of the cerebellum and mid-brain with the optic
thalami and a part of the corpora striata, especially
that of the right hemisphere. Professor Goltz however
states that the substance forming these ganglia (basal)
was in a condition of ‘brown softening,” but to what
extent the living nervous substance forming these
ganglia was able to perform its functions during the
animal’s lifetime must remain an open question. We
may however be certain that the movements made by
this bitech from the end of June 1889, when Goltz
commenced proceedings for the removal of her cerebral
hemispheres, until her death in 1891, were effected
independently of the cerebral cortex. This fact is not
only demonstrated from the detailed account which
Professor Goltz gives of his method of operating and
its result on the movements and character of the
animal, but also by the coloured drawings which
accompany his paper. These drawings show that the
thalami and part of the corpora striata remained in
situ up to the time of the animal’s death, the left
measuring 1'7 cm. and the right 8 cm., although,
Professor Goltz states, they had undergone pathologi-
cal changes.!

! “Der Hund ohne Grosshirn Siebent Abhandlung iiber die Ver-
richtunge des Grosshirns,” Pfliger’s Archiv, Bd. li. 1892. The basal

ganglia on the left side measured 1'7 em., and on the right side
H



114 FUNCTIONS PERFORMED

Professor Goltz describes the behaviour and char-
acter of the movements made by this bitch after she
had been mutilated to the extent above mentioned.
He states that the animal as a rule remained curled
up, as if asleep, in the corner of the cage in which she
was confined. If a horn was blown in a room separ-
ated from the one in which she was sleeping, she would
rouse up, stand on her legs, and not unfrequently put
her paws up to her ears as if something unpleasant
had happened. If a current of air was blown through
a tube on to the animal’s skin she would rise up and
shake herself in the same way as an uninjured dog
would do under like conditions. When not asleep the
dog was restless, if kept without food she performed
continuous movements about her cage, or stood up on
her hind legs with her forepaws on the front bars.
The animal growled and snapped if its paws were
pinched.

When this animal was removed from its cage to be
fed, she snapped and snarled like an angry brute, and
resisted and struggled to be free and return to her
cage; on these occasions she showed her anger by
emotional signs such as lowering her head, bristling
her hair, retracting her ears and upper lip, and
growling, biting and snapping. If one of the animal’s
feet was placed in cold water she at once removed it.
In a dark room the animal closed her eyes when a
strong light was suddenly allowed to enter the
chamber.

To make the bitch eat it was necessary to hold the
food near her muzzle; it was then taken into the

3 cm., after the brain had been removed from the skull—the cerebral
cortex had been completely abolished.
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mouth and masticated and swallowed. If pieces of
meat were soaked in a solution of quinine and given
to the animal, it refused to eat the meat. The dog
was unable to seck for its food. It recognised neither
its master nor other dogs. It could not discriminate
between scolding and petting. The Dbitch behaved
almost like a blind animal with respect to obstacles
placed in her path, rarely turning out of the way.

It is well known that a definite area of the occipi-
tal lobes of a dog’s brain contains a specialised form of
nervous substance, through means of which visual
impressions received from external objects become
realised. For instance, if these regions of the brain
are removed during a dog’s lifetime, the animal is no
longer afraid of a burning match, or of the whip.
L. Monk is of opinion that the image of memory and its
power of recognition arc lost with the destruction of
the areas of the visual cerebral cortex ; but the animal
is by no means blind.

Again, this mutilated animal, we are informed, when
hungry, was in the habit of rising on her hind legs
and with her fore-limbs pawing the bars of her cage
in order if possible to obtain her freedom. The sense
of hunger brought into play pre-existing impressions
of those parts of her cerebral sensori-memorial nervous
apparatus which remained in working order, and
became manifest in her efforts to gain her liberty.
In these efforts, and her repeated snarling and snapping
when restrained, we recognise the exercise of memory,
of desires, and instinctive processes together with
emotional actions, which in conjunction form the basis
of personal character in the higher order of beings.

What, then, it may be asked, had this animal lost
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by the destruction of her cerebral cortex ? She could
no longer recognise her former master nor distinguish
her friends from strangers. IHer memory of every-
thing she had learnt during her lifetime was obliter-
ated together with her intelligence.

We cannot tell what would have been the behaviour
of this bitch, had it been possible to have destroyed
her cerebral cortex without injuring her basal ganglia
or other parts of her brain. But we know that large
classes of vertcbrate animals do not possess a cere-
bral cortex, but nevertheless evince distinct traits of
hereditary character, which in some cases are capable
of improvement under a proper system of training.

Doubtless the intellectual powers of a dog are of
a far lower order than those possessed by civilised
human beings, but this difference, as pointed out by
Darwin, is one of degrees rather than of kind—for
instance, his well-known anecdote of a retriever
illustrates this point. He states that two wild
ducks having been shot, fell on the other side of a
stream from that on which the sportsman was stand-
ing, his retriever tried to bring over both birds at
once, but could not succeed ; she then, though never
before known to ruffie a feather, deliberately killed
one bird, brought over the other, and returned for
the dead bird. Again, two partridges were shot at
once, one heing killed, the other wounded ; the latter
ran away and was caught by the retriever, who on
her return came across the dead bird. She stopped
evidently puzzled, and after one or two trials, finding
she could not take it up without permitting the escape
of the winged bird in her mouth, she deliberately
killed it, and then brought both birds away together.
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This was the only known instance of her ever having
wilfully injured any game.!

It is actions such as these which indicate the
intellectual powers possessed by dogs. Powers it is
true which, as compared with those of human beings,
are rudimentary in their nature, emerging, as it seems
to us, out of an ecvolution of that form of matter
which has produced complex instinctive processes in the
lower orders of beings. When discussing this subject,
Darwin observes, “ the more complex instincts seem to
have originated independently of intelligence” ; and
“some have thought that the intellectual faculties of
the higher animals have gradually developed from
instinets.” 2

We may, therefore, with advantage endeavour to
ascertain the nature of the work performed by the
nervous substance of the basal ganglia as manifested
by a dog or other carnivora. IProfessor Pagano has
obtained some remarkable results by injecting fluids
containing curare into various parts of the basal
ganglia of living dogs. “From his experiments he
concludes that in the basal ganglia are found, at birth,
the physiological pre-organised mechanism of emotional
reactions. The cerebral cortex not being functional
at birth is, therefore, not indispensable for these
emotions. e injects 0°1 c. cm. of 2 per cent. solution
of curare, coloured with thionine, into various parts of
the caudate (intra-ventricular) nucleus (of the corpora
striata). The results obtained are as follows: excita-
tion of the anterior third and of the middle third
of the caudate nucleus, especially in their inner half,

1 “ The Descent of Man,” by Charles Darwin, vol. i p. 48, 1871.
2 Idem, p. 317.
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provokes the emotional phenomena of fear. They
are characterised by the attitude of the body, the
physiognomy, the cardiac and respiratory phenomena
(intestinal and vesical), the state of the pupils, and
menacing noises which exaggerate considerably these
manifestations of terror. Excitation of the anterior
extremity of the caudate nucleus produces phenomena
of psycho-motor agitation of the same kind, and
expresses a mingling of the two emotions of fear and
anger.” 1 Stimulation of the anterior third of this
nucleus produces excitation of the genital organs,
As a whole these experiments confirm the opinion
we have arrived at concerning the important functions
performed by the nervous substance of the optic
thalami.

Professor IHalliburton describes the basal ganglia
as being subsidiary centres of movement and sensation.
He states that centres of this kind may be compared
to the subordinate officers of an army, the principal
centre to the commander-in-chicf. The highest
officer gives a general order for the movement of
a body of troops in a certain direction; we may
compare this to the principal motory centre of the
cortex sending out an impulse for a certain movement
of a limb. But the general does not give the order
himself to each individual soldier, any more than the
cerebral cortex does to each individual muscle; but
the order is first given to subordinate officers, who
arrange exactly how the movement shall be executed,
and their orders are in the end distributed to the
individual men, who must move in harmony with

1*“Two Lectures on the Physiology of the Emotions,” by Dr
F. W. Mott. Delivered at King’s College, London.
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their fellows with regard to space and time. So the
subsidiary nerve centres or positions of relay (basal
ganglia) enable the impulses to be distributed to
various sets of muscles which contract harmoniously,
and effect the required movements of the head and
body.!

The sensory organs possessed by mammalia are of a
distinctly high order ; in not a few of them the sense
of smell is well developed. Dr G. Mann removed the
olfactory bulbs of recently born rabbits, and found it
impossible to rear these animals in consequence of
their inability to appreciate the difference between
wholesome and unwholesome food. The aural and
visual sense organs of dogs have reached a high
state of development, their nervous elements being in
intimate relation with ganglionic nerve-cells of the
basal ganglia.

We can therefore explain the movements and
emotions displayed by a dog after the removal of the
cortical substance of his cerebrum, by assuming that
energy passing from the various sensory organs reaches
his optic thalami and becomes transmuted by its nervous
substance into a form which brings motor elements of the
corpora striata into play, its action becoming manifest
in certain instinctive and emotional movements. The
animal’s instinctive movements, such as that of taking
her food when brought close to her mouth, and her
emotional snarl and bark when disturbed, demonstrate
the fact that actions of this kind may be effected inde-
pendently of the cerebral cortex. The animal’s memory
for all she had acquired during her lifetime was
abolished with the destruction of her cerebral cortex,

1 The Handbook of Physiology,” pp. 680, 681.
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but her hercditary character continued to manifest
itself in her instinctive and emotional movements,
blunted, it is true, in consequence of the damage her
basal ganglia had received in the removal of her cere-
bral cortex.

The animal mutilated by Professor Goltz was at
the time fully grown, and her nervous system had
been moulded into the form possessed by her through
sensory impressions operating on the nervous elements
of many pre-existing generations. Structural modi-
tications in the nervous elements of her basal ganglia
had thus been established, to be called into action by
stimuli of a similar nature to those which had led to
these impressions on the living nervous substance of
her central nervous system.

For instance, this mutilated animal refused to eat
meat which had been soaked in a solution of quinine,
its actions showing disgust at the taste of the bitter
meat. As Dr Mott observes, the refusal of the animal
to swallow the doctored food was an instinctive act in
that it was protective to the alimentary canal and the
vital organs of the body, just as pain protects the
external surface of the body.

That action of this kind depends on inherited in-
stincts is shown by the fact stated by Professor
Sherrington. After separating the brain of a nine week’s
old pup from its connections with the heart and
viscera, he offered the animal some dog’s flesh as food,
which the pup absolutely refused to touch. Professor
Sherrington remarks, “ this aversion to dogs’ flesh was
due to olfactory impressions, and that ¢ dog will not
eat dog’ may, in the long procession of the ages, have
led to the establishment of a pre-organised mechanism
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by which disgust at dogs’ flesh might occur reflexly in
the medulla.?

Darwin has given us his reasons for believing that
domesticated dogs are descended from two species of
wolves and several species of jackals. The habits of
domesticated dogs in North America and the wolves
of that part of the world are very similar, and the
same remark applies to the pariah dogs of India and
jackals.?  The habit of barking, however, is an excep-
tion to this rule, a habit which is almost universal
with domesticated dogs, but is not known to exist
in a single natural family of these animals, although
the Canis latrans of North America utter sounds
which closely resemble a bark ; and our domesticated
dogs are said to lose the habit of barking when they
pass back into a wild state, but they regain this power
when they again return to their former environment, that
is, to the society of their barking companions, showing
that their mimetic faculties are still in operation.

It is useless for us to speculate as to how or when
dogs learnt to bark, but as this was a uscful habit to
man he doubtless cultivated those species of dogs
best able to warn him of approaching enemies. In
the course of time the power to bark, like that of the
vocal powers of birds, became an hereditary character.

The different barks of dogs with which we are
familiar, are the product of long-continued civilisation.
Some of the peculiarities of the several breeds, as
Darwin observes, have becn effected by selection, both

14 Two Lectures on the Physiology of the Emotions,” by Dr F.
W. Mott, p. 19.

3 Animals and Plants under Domestication,” by (. Darwin,
vol. i. pp. 44, 45.
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methodical and unconscious, of slight individual differ-
ences, the latter kind of selection resulting from the
occasional preservation, during hundreds of generations,
of those dogs which were the most useful to man
under certain conditions of life.

The skulls of the wild species from which our
domesticated dogs are supposed to have been derived,
retain a marked uniformity of form and size, whereas
in domesticated animals great diversity in this respect
exists, as for instance between the form of the skull of
a bloodhound and a greyhound. Much of this differ-
ence is attributable to the fancy of the breeder; thus
collies in their natural state are remarkably sagacious
animals, but it having become the fashion to produce
long narrow-headed collies by cross breeding, this has
been accomplished, but at no less a sacrifice than the
loss of character and mental capacity which dis-
tinguishes the stock from which these animals were
derived. Yor with the small skull there is a small
brain as compared with the body, attended with a
corresponding loss of intellectual power.2

Darwin was probably correct in his idea that our
domesticated dogs are derived from wild species ; if
this be the case, it indicates the influence which various
modes of energy have exercised in moulding certain
elements of the cerebrum into harmony with the
action of an altered environment. That a great change
has taken place in the characters displayed by wolves
and foxes and our domestic dogs is evident; many of
the latter are man’s devoted friends, and yet show
clearly that their hereditary instincts continue to

1 See note on this subject, “ Human Speech,” p. 240.
2 Idem.
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influence some of their movements, with a tendency
after a few generations to lose their acquired characters
and revert to the habits of their progenitors. This
point is admirably portrayed in Jack London’s story of
“The Call of the Wild.” '

We may capture and bring up a cub by hand; he
will take to romping over the lawn with our dogs,
and appears to be on the road to becoming a domestic
animal ; but as soon as he is fully grown he deserts
our home and returns to the woods and his natural
state of life. The animal’s hereditary instincts assert
themselves and overrule all he has learnt while under
our care.



CHAPTER VII

In the previous chapters of this work we have
endeavoured to show that the hereditary character of
the various classes of animals we have referred to is
the result of work directed by purposive and instinctive
elements ; in addition to which we find in the lower
orders of mammals indications of psychical activities.
These intellectual processes become more pronounced
as we pass from the lower to the higher orders of this
class of beings, culminating, as we have elsewhere
shown, in man’s power to express his thoughts in
intelligent language. We have now to explain how
psychical elements come into operation.

In this enquiry we cannot overlook the fact that
the law of recapitulation clearly indicates that in their
past history man and apes are structurally united
with the rest of the animal world. It must be borne
in mind that man originates by the same physical
processes with the animals immediately below him in
the scale, that he is identical with them in the early
stages of his formation, identical in the mode of his
nutrition before and after birth, and that their adult
structures exhibit a marvellous likeness of organisation.!
The main factor in the evolution of each class of animals
has been effected by an increase in the organisation
of the central nervous system, and this increase has

1 “ Evidence of Man’s Place in Nature,” by J. Huxley, p. 67.
12t
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been determined by the action of the environment
acting througly the sensory organs.!

The man-like or anthropoid apes to which we refer,
consist of the gibbons, orangs, chimpanzees and
gorillas, as, according to Professor A. Keith, their struc-
tures as a whole are most nearly related to those which
form the bodies of human beings. The chimpanzee
and gorilla are natives of Africa, the former attains
a height of nearly five feet when in the erect position ;
and the latter as much as five feet, with a circum-
ference round the chest of four feet four inches, its
weight being about 180 lbs.

The usual mode of progression of these apes is
effected by resting the knuckles of their hands on the
ground, they thrust their arms forward, and then give
the body a half-jumping half-swinging motion between
them. These apes however at times assume the
erect position in walking, their bodies being much
inclined forwards, and balanced by their arms and
hands thrust backwards so as to meet either behind
their head or their loins.

Both chimpanzees and gorillas build platforms
consisting of small branches and twigs which they
entwine together and secure between the branches of
a tree on which they rest during the night. In the
daytime they wander in groups through the forest in
search of fruit and such-like food. The powerful
canine teeth of these apes indicate carnivorous
propensities, but in no state save that of domestication
do they manifest them. At first in confinement they
reject flesh, but easily acquire a fondness for it.2

14 The Origin of Vertebrates,” by W. H. Gaskell, p. 498; and
‘ Human Speech,” p. 140, ? Huxley, p. 44.
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The chimpanzee is a peace-loving animal who
prefers flight as a means of escape from enemies,
rather than acting on the defensive; he seldom if ever
acts on the offensive. On the other hand the male
gorilla is a ferocious brute, and an object of terror to
the people of the country in which he lives. When
disturbed in his native forest he is said to utter a
prolonged shrill cry; his cnormous jaws are widely
opened, his lips are retracted displaying his formidable
array of teeth, the hairy ridge of his scalp is contracted
upon the brow, and altogether presents a ferocious
aspect.

Other emotions such as those of sorrow are marked
features displayed by various orders of primates.
Thus, the author was out shooting among the hills
near Colgong on the Ganges. Returning home in the
evening, we came across a number of Bengal macaques.
Among them was a female seated on a ledge of rock
with a young one close to her. One of our party,
without a moment’s thought, fired, and killed the
young monkey. Its body rolled down the rock, and
after it sprang its mother ; when she reached the dead
body, she took it up in her arms and fondled it in the
way a human mother would handle her sick child, at
the same time uttering the most piteous wail, which
drew around her a crowd of her companions. The
actions of this animal indicated her intense grief at
the death of her young—{feelings which she expressed
in movements closely resembling those of a human
being under like circumstances! QOur party were
one and all much impressed by what they witnessed

1 As Darwin remarks, the principle of action is the same in the
two cases. ‘‘ The Descent of Man,” vol. i. p. 40.
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and returned to camp feeling and expressing no small
resentment towards the individual who had been the
cause of so much anguish to the mother of the young
macaque,

From the action taken by the troop of monkeys
to which we have referred, it would seem they evinced
a distinct sympathy with their bereft comrade in her
grief. Beyond this they moved in a body round her,
thereby showing social instincts.

Numerous facts are recorded of the services to each
other displayed by apes when members of their tribe
are threatened by enemies. Brehm states that when
in Abyssinia on one occasion he encountered a great
troop of baboons which were crossing a valley : some had
already ascended the opposite mountain, and some were
still in the valley ; the latter were attacked by dogs,
but the old male baboons immediately hurried down
the rocks, and with mouths wide opened roared so
fearfully, that the dogs retreated before them. The
dogs were again encouraged to the attack, but this time
all the baboons had reascended the heights, except a
young one, about six months old, who, loudly calling
for aid climbed on a block of rock. Now one of the
largest males came down again from the mountain,
slowly went to the young one, coaxed him, and
triumphantly led him away.!

Darwin gives a curious account of the instinctive
dread which monkeys exhibit towards snakes. He
introduced a live snake in a paper bag with the mouth
loosely closed into one of the larger compartments of
the monkey house in the Zoological Gardens. One
of the monkeys immediately approached, cautiously

1 ¢ The Descent of Man,” by Charles Darwin, vol. i. p. 75.
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opened the bagand peeped in, butinstantly dashed away.
Monkey after monkey, with head raised high and
turned on one side, peeped into the bag, and seeing
the snake fast asleep at the bottom started back
and bolted to a distant corner of the cage. This
instinctive dread of snakes is however not confined to
monkeys. The author has scen large birds and various
carnivorous animals assume a demeanour of abject fear
when brought into a room in which a live cobra was
confined in a glass case.

The mimetic faculties of apes are proverbial, and
one has only to watch their actions when under
proper training to be sure that they learn by
experience, and by imitating the movements of their
instructors. Their power of attention varies even
among members of the same species. Mr Bartlett
states that a man who was in the habit of training
monkeys was willing to pay five pounds for some of
them ; but he offered to give double the price, if he
might keep three or four monkeys for a few days, in
order to select one. When asked how he could
possibly so soon learn whether a particular monkey
would turn out a good actor, he answered, that it
all depended on their power of attention. If, when
he was talking and explaining anything to a monkey,
its attention was easily distracted, as by a fly on the
wall or other trifling object, the case was hopeless.
If he tried by punishment to make an inattentive
monkey act, it turned sulky.

The instinctive, emotional, and mimetic actions and
the power of attention possessed by apes, are referable, as
is the case with the lower classes of animals, to work
performed by the nervous substance of their basal
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ganglia, in response to impressions received by its living
substance from the various sensory organs of the
body. The actions we refer to are hereditary in
character, such, for instance, as building resting places
in trees so as to escape from the attacks of their
enemies during the night; the loving timid nature of
some, and ferocity of other species, their affection for
their young and mode of expressing their grief, the
sympathy shown to their companions in distress-—are
traits of hereditary character displayed by apes of the
same species scattered over widely separated areas of
the globe.

These characters may be improved by judicious
training, but they cannot be eradicated, unless, per-
haps, by an alteration of the environment extending
over many generations. The power possessed by apes
of learning to accomplish certain complex movements,
such as those necessary to enable them to take a part
in a play, is hereditary, the knowledge they have
gained by learning is non-hereditary.

It is true that birds and dogs may be taught to
perform various tricks, and reptiles learn by experi-
ence to select the most direct of devious paths by
which to reach their food. Birds possess a rather
higher development of cortical matter than reptiles, and
they are capable of reaching a higher order of learning
than a turtle. In dogs the cerebral cortex is still
more perfectly developed than it is in birds, and their
basal ganglia and sensory organs are not inferior to
those of apes; it is well known that these animals
may be trained to perform acts of a complicated
character, and some of them exhibit rudimentary
intellectual powers. This latter power, we hold, con-

1
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sists in the association of impressions which by
repetition have become fixed in the living matter of the
cerebral nervous centres, and which the animal has
by practice learned to link together and employ to
his own advantage. In apes we find the development
of the cerebral cortex, and other parts of the brain
and sensory organs, are inferior only to those of human
beings, and with this high order of nervous organisa-
tion their instinctive, imitative, ecmotional, and
intellectual powers are of a higher order than those
possessed by dogs.

We trace thereforc in these classes of animals a
progressive capacity to learn, extending from lower to
higher classes of beings, and this power bears a direct
relation to the development of the cortical substance
or neopallium of their cerebral hemispheres. With
the destruction of this substance the hereditary
character possessed by the animal may continue, but
all that he has learnt during his lifetime is abolished.!

This fact explains our meaning in referring to the
hereditary character of animals, including the primates,
as being something apart from their intellectual
acquirements.

In the first part of this work (Human Speech) we
referred to the development and structural arrange-
ment of the nervous substance of the spinal cord and
brain, so that it is unnecessary for us to recur to this

1 The term Neopallium is employed to signify the ¢ pallium *
or cortex of that part of the cerebral hemispheres with which we are
mainly concerned, as being distinct from the pallium of other lobes
or regions of the brain. The term is well chosen by Professor G. Elliot
Smith, because this cortex or pallium consists of superadded nervous
structures to those which exist in the lower classes of vertebrates
(see p. 91).
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subject ; but in order to explain the commanding
psychical powers possessed by human beings as com-
pared with those of the lower animals, we must allude
to the increased complexity and to the great develop-
ment of the neopallium or cortical areas of the cerebral
hemispheres in man* (¥Fig. 15).

The cortical substance or neopallium of an educated
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Fid. 15,—Diagram of left cerebrul hemisphere (outer surface) of human brain
(From Halliburton’s ¢* Handbook of Physiology,” p. 688.)

Englishman’s brain averages, in its exposed and sunken
surface, about 200,000 square mm.; its thickness
varies, but averages about 2 mm.,, and is formed of
five strata or layers of cells, together -with a mass of
nerve fibres with their supporting structure (neuroglia),
blood vessels and lymphatics.

With regard to the layers of cells which constitute
the outer gray substance of the cerebral cortex, they

1 “ Human Speech,” p. 164.



132 GANGLIONIC NERVE CELLS

may be described as forming five strata, from which
fibres proceed to other parts of the nervous system,
and in which fibres terminate passing from all parts
of the body. These five layers of cortical nerve-cells

and fibres may be represented in a diagrammatic form
(Fig. 16).

Superficial layer of nerve

fibres, * molecular” Iayer. I. Molecular layer of cells,

Smali, medium, and large II. Supra-gianular layer,
pyramidal cells, Pyramidal cells.

Granular or stellate cell layer. 111, Granular layer.

Inner layer of nerve fibres
with large solitary cells,

1v.

Infra-granular layer.

Inner layer of polymorphic V.

cells.

Fie 16.—Diagram showing approximately the relative depth of the cerebral
cortex or neopallium of an adult human brain. (After J. S. Bolton.)

The 11, or pyramidal layer, to which may be added
the outer fibre lamina, I, are the prominent feature of
the human cortex, and constitute a “higher level”
basis for carrying on cerebral functions! It is the
last cell layer of the cortex to be evolved, and the first
to undergo retrogression.  This layer *subserves
the psychic or association functions of the cerebrum ;

1 J. Shaw Bolton, on “ Recent Researches on Cortical Localisation

and on the Functions of the Cerebrum,” p. 295,  Further Advances
in Physiology,” edited by Leonard Hill.
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it is functionally correlated with educability and
general intelligence which appears in an increasing
degree in the various orders of the mammalian scale.

This supra-granular layer, IT, so poorly developed in
human beings at birth, and so slow in reaching
maturity, is well nigh absent in the lower orders of
mammals. When fully matured the living substance
of the pyramidal cells of this layer directs those
activities which the animnal has acquired during his
lifetime, and with behaviour which may arise in relation
to some new situation, and so indicating intelligence
as apart from instinctive acts.

The III, lamina (granule or middle layer) is de-
veloped after the V, or inner layer. This lamina
“ primarily subserves the reception or immediate
transformation of afferent impressions, whether these
arise directly from the lower seusory neurones or
indirectly through other regious of the cerebrum.”

“The V, polymorphic, or inner cell lamina of the
cortex cerebri, is the first to become differentiated
during the process of lamination. In human beings,
in association with the inner fibres, this layer “sub-
serves the lower voluntary and instinctive activities
of the animal economy, and thus forms a lower basis
level for the carrying on of cerebral functions.”?!
This layer of cells may be traced back to instinctive
matter out of which it has become developed; the
superimposed layers, constituting the great association
area of the human brain has, in its turn, been evolved
from this lower instinctive stratum of living nervous
matter which constitutes the polymorphic or granular
layer of the cortex.

1 Dr J. S. Bolton, p. 297, ** Further Advances in Physiology,” 1909.
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We thus come to learn that the inner layer of the
neopallium in human beings is derived from living
instinctive elements located in the basal ganglia, and
that from this layer of the cerebral cortex the outer or
psychical elements of the brain have been developed,
in other words the nervous substance by means of which
the intellectual faculties are elaborated, have been
evolved out of matter possessing instinctive and emo-
tional qualities.

It is to be noticed that the cerebral cortex of the
human Dbrain is to a large extent constituted of the
inner or instinctive layer of living matter, and to-
gether with the layers of psychical elements forms
the large mass of nervous substance which characterises
the human cerebrum. We can thus realise the
important part which the hereditary instinctive and
emotional faculties take in ordering the likes and
dislikes, the pleasure and pain, and many other
emotional activities which, to a large extent, influence
the personal character and the life-long career of
human beings.!

The cranial capacity of an adult male gorilla
amounts to about 600 c.c., that of tertiary man to
950 c.c., and of an educated Englishman to about

1Charles Darwin lays stress on the idea that almost all motions
of expression are the result of inherited qualities, and have been
evolved from a common source. The facial expression of rage and
hate, for instance, in man consists in the retraction of the lips and
the exposure of the teeth; particularly of the corners of the upper
lips, so that the canine teeth become visible. In the same way
dogs, cats, and apes expose the canine tecth when angry, a fitting
preparation in their case for battle. In man the advantage of this
movement no longer exists; but the movement has been retained

as the expression of the specific emotion which accompanies the
sight of an enemy.
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1485 c.c. This great difference in the cranial
capacity of these orders of beings represents the
difference that exists between the dimensions of the
cortical substance of their cerebral hemispheres.
The area occupied by this specialised form of nervous
matter is greatly increased by means of the fissures
or foldings into which it extends.

According to Dr E. Dubois, there is a more or less
intimate relationship between the extent of the cortex
or the weight of the brain and the extent of the
surface of an animal’s body. Since the year 1897,
when Dubois promulgated his ideas on this subject,
they have been confirmed by independent observers.

The following is a summary of Dr Dubois observa-
tions on this subject : 1—

Dr Dubois starts with the assumption that the brain
consists entirely of the central parts of reflex arcs, the
function of which is to bring sensory and motor nerves into
relation with cach other, and concludes that in animals
presenting the same degree of psychical development, the
number and weight of these reflex arcs would be propor-
tional, approximately, to the number of sensory nervous
fibres. In two animals in the same stage of psychical
evolution, but of different bulk, the number of sensory
nervous fibres will then be proportional to the total extent
of the perceptive surface, that is to say, to the extent of
the surface of the body. On the other hand, in two animals
in very different stages of psychical evolution, but of the
same bulk and having therefore approximately the same
number of sensory fibres, the animal in whom the central
parts of the reflex arcs attain the greater degree of com-
plexity will have the heavier brain. Now it appears that
the cube root of the square of the weight of an animal

1 British Med. Journ. for Nov. 5, 1905,
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multiplied by a censtant which varies with each species
expresses with fair accuracy the relative size of the surface
of its body. If S and s be the weight of the body of two
animals, then the surfaces will be

3/ S2 and \3/ 82 or S06 and 06

In two animals of the same degrec of mental evolution
and the same bulk the weight of the brains would be equal.
But if the mental development differs, then we have a
variable factor, and the problem is to find this, which will
express what Dubois calls the relative cephalization, or
relative amount of brain corresponding to the difference
in intelligence in the physiological sense of the word. In
practice the factor by which S is to be multiplied is not
exactly 06, because in an animal with a very small body a
part of the perceptive surfaces of its sensory organs is
relatively more extensive, and consequently the termina-
tions of the sensory fibres in the brain are denser, and the
extent of the cortex relatively increased. Dubois took a
series of animals of similar form, and, in his judgment, of
similar intelligence, but differing very much in size, choosing,
of course, adult animals of average weight and bulk; by
an cquation which we need not reproduce, he calculated
the value of the factor by which 8 should be multiplied in
cach case. He found it to be almost constantly 0-56, the
extremes being 0'64 and 0'58. He thus got the equation—

= Q056

where E equals the weight of the brain, S the weight of
the body, and ¢ the factor of cephalization indicating the
degree of intelligence. Dubois found that the results
obtained by calculation in the case of a large number of
animals were concordant. Thus the factor of cephalization
in man was 2:8186, in the monkey from 0:7607 to 0°4636,
in the donkey 04390, the horse 0-4380, the cat 0-3284, and
the mouse 00770. The only obvious defect in his table is
that the dog (0°35686) comes below the horse, which is not



SENSE ORGANS 187

quite in accord with popular experience. Lapicque and
Girard ! have recently afforded striking confirmation of the
accuracy of Dubois’s criterion by a series of observations
on birds. They found that the factor of cephalization in
the various groups corresponded with the accepted opinion
as to the degrce of intelligence. The parrot was at the
head of their list, the barndoor fowl, surely one of the most
foolish of birds, at its tail. Crows, magpies, and jays stood
very nearly as high as parrots.

Another very suggestive result of these observations is
that the equation given above is found to be true not only
for the total weight of the brain as a whole but for its
several parts, for the cerebral hemispheres, the cerebellum,
and the corpora quadrigemina.

There can be no question as to the effects which
stimuli received through the tactile and other sensory
organs have upon the development of corresponding
areas of the cerebral cortex, the living matter of
which receives and retains many of these impressions.?
But the cerebral cortex of civilised human beings
contains a vast amount more nervous matter than
is necessary to accomplish these processes. It is the
extent and organisation of this matter which dis-
tinguishes the human brain from that possessed by
the lower animals. This excess of cortical substance
is employed to associate the sensori-memorial images
elaborated by sensory centres, and to transform them

¥ Comptes rendu de I’ Académie des Science, 10th April 1905.

2 In this way we explain the far greater size of an elephant’s brain
than that possessed by human beings. The surface of an elephant’s
body being very much more extensive than a man’s, his tactile sense
organs are likewise more extensive, and consequently the size of his
cerebral hemispheres are considerably larger than those of a human
being, its cortical substance being the ultimate receptive organ of
tactile and other sensory impressions.
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into the psychical processes which pass to motor
areas of the cerebrum, and become manifest in intel-
lectual activities.!

We may form some idea of the amount of cortical
cerebral substance which is necessary for the reception
of tactile and other sensory impressions in human
beings, by comparing it with that of an average male
gorilla’s brain. The weight and extent of the surface
of the bodies of an average-sized man and that of a
full-grown gorilla do not differ to any great extent.
But a gorilla’s brain is never more than half the size
of the smallest adult human brain. Nevertheless the
total volume of the ape’s brain is represented by
600 cc., and is sufficient to receive and respond to
the animal’s tactile and other sensory impressions.
It follows, therefore, that a similar amount of nervous
matter would suffice for the same purpose in a human
being ; but his brain actually contains some 900 c.c.
more cerebral substance than is necessary to receive
and respond to his sensory impressions. The greater
part of this excess of living nervous matter is contained
in his cerebral cortex, and the work it performs
becomes manifest in his psychical activities.

Professor Elliot Smith, referring to this subject,?
states, that as the neopallium assumes importance
and becomes a condition of survival for the first time
in the mammalia, in each successive epoch it is only
those mammals whose nervous system has effectually

! Psychical processes are those which effect modifications of
motion through the agency of intercurrent specialised modes of
energy derived from mental images (ideas). Psychical and conscious
processes are identical.

% Cat. Roy. Coll. Surgeons Museum, Phys, Series, vol. ii. p. 465.
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responded to its environment, or have developed
special protective structures, who continued to sur-
vivee.  In the higher mammalia the development
of a large neopallium as the organ of associative
memory, enables them to acquire the skill to evade
danger and yet adequately to preserve themselves and
reproduce the species to which they belong. In
many of the Kocene Mammalia (Dinoceras crania, for
example) the neopallium is reduced to such diminutive
proportions that the brain resembles the reptilian
type; and in each successive generation the neopallium
or cerebral cortex becomes more extensive and com-
plicated in structure, or the creature is compelled to
adopt some safe mode of life. The hippopotamus
and the sirenia are examples of mammals which
have not kept pace in the fierce race for neopallial
supremacy, but survive by adopting habits of life
which are eminently safe. The condition of the
human brain represents the other extreme. Here
the neopallium has attained its maximum develop-
ment, yet its possessor has not had to seek refuge
either in a retired mode of life or by any protective
specialisations of structure either for offence or defence,
but has attained a dominant position in the animal
kingdom whilst retaining much of the generalised
structural features of a primitive mammal,

Fach of the sensory organs is adapted to receive a
special form of energy derived from the external
world or from muscular movements, and to transmit it
by nerve fibres which terminate in the living matter
of corresponding nervous centres, these areas form
the visual, auditory, tactile, and other sensori-
memorial nervous centres, their living substance
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transmutes a part of the energy it thus receives into
what we term a sensation, and part of it becomes
impressed on the nervous matter to be subsequently
released by similar or other impressions made upon it.
How excitation of the living matter of the nerve cells
forming the visual and other sensori-memorial centres
should excite what we call a sensation in us, is
neither more nor less unaccountable than any other
ultimate fact of nature. But it is clear from evidence
to which we have referred, that if the nerve tracts
between the receptors of energy and the sensori-
memorial centres are divided, or if the living substance
of the centre is destroyed, the sensations, which it is
the function of this area of nervous matter to
elaborate, are abolished.!

Not only do the nervous centres for vision respond
to the stimulus of light, but certain parts of them are
specialised so as to recognise the various colours.
Thus in a case we have referred to in our eighth
chapter, the individual, as a result of disease affecting
definite portions of his visual centres, entirely lost the
power of distinguishing one colour from another, but
in other respects his vision was normal. Again, in the
case referred to (“ Human Speech,” p. 214), the patient
as the result of disease of both areas of her cerebral
cortex in which the auditory ceuntres are located,
became completely deaf, and also speechless in conse-
quence of the loss of the memory impressions she had

1 For the sake of clearness we write concerning the visual, auditory,
and tactile sensori-memorial centres, but it is always to be borne in
mind that the brain contains a right and a left hemisphere, and that
each hemisphere possesses a visual, auditory and tactile centre;
if one is destroyed the other may act.
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previously gained of word sounds; in fact her entire
auditory mnemic nervous substance had been de-
stroyed, and with it her power to form sensations out
of word sounds, or receive new impressions of words to
supply those which had been destroyed by the loss
of her auditory cerebral centres.

Memorial impressions made on the living substance
of specialised nervous matter appear to exist in a
latent state for years, and may then not only be re-
excited by external stimuli, but also from energy
derived from chemical or other sources within the
organism. Mr Brudnell Carter describes a remark-
able instance of this deseription which came under his
notice some years ago. A lady whose father was
English, but her mother of mixed English and French
descent, was born in France, and lived there until she
was nearly nine years old, speaking only French, and
in the care of a French nurse. She then came to
England, went to an English school, and the French
language lost its hold upon her. As a young woman,
she retained a native accent, but she had taken pains
to master the English language and to increase her
vocabulary, and never spoke French if she could avoid
it, being in fact almost aggressively proud of her
English nationality. She married, and during her
first pregnancy she had a severe illness. She became
unconscious. A dead child was born. A day or two
after, she began to speak, and constantly repeated, in
a sing-song tone, the words “ Quand les canards,” to
which no meaning could be attached. A day or two
later she began to recite bits of English verse, and
showed evidence of distress when she was unable to
continue them for want of the right word. She knew
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no one around her, and made no other attempt to
speak than by these recitations, which were mostly
from Lalla Rookh. In time she perfectly re-
covered, and then her old French nurse came to see
her, and on hearing of what had happened al once
began to chant

““ Quand les canards s’en vout par deux
C’est quil’s ont & causer entre eux,”

and so went on with the old nursery rhyme which she
had sung a hundred times to this lady, when as an
infant she lay in her cradle, and which had remained
latent in the lady’s memorial auditory nervous sub-
stance until re-excited probably by impressions derived
from chemical stimuli engendered by processes con-
nected with her pregnancy.

Each of the sensori-memorial cortical centres is
surrounded by a zone of psychical nervous substance,
possessing the power of transmuting immpressions re-
ceived as sensations into ideas or mental images of
the form, substance, or the motion of the various
objects or organs of the body from which the
stimulus causing the sensations are derived. These
parts of the nervous system become matured at an
early period of child life, in fact long before the
corresponding cortical association areas have been fully
developed. Young children, therefore, can form ideas of
things before they reach the age when their brains are
fully developed so as to associate these ideas, and thus
enable them to think. The part taken by the living
substance of the cells forming the sensori-memorial
centres has been compared to gas-pipes used for an
illumination. The ganglionic cells of these cortical
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nervous centres are charged with energy, but it is not
until a spark (stimulus) is applied which brings out
their latent form and makes the figure a reality.!

Anatomical, pathological, and clinical evidence
demonstrate the fact that between the sensori-
memorial zones of the human cerebrum a vast mass
of cortical nervous matter exists which, when fully
developed, forms the association areas of the brain.
Ideas passing into, or influenced by energy derived
from these psychical areas by constant practice, and
the employment of symbols or words, enables us to
express our thoughts in intelligent speech. It is the
clearness, the tone, the grouping, and the associative
relations of the ideas which constitute our thoughts.?
The following diagram may lelp to explain our
meaning (Fig. 17).

We may illustrate our subject by the complex
sensation produced, for instance, by a rose. On
seeing a rose, the nerve ends of the retina are stimu-
lated, the excitation passes from its nervous elements

1 Ziehen, *“ Introddction to the Study of Physiological Psychology,”
pp. 156, 158.

2 Mr G. J. Romanes remarks, ‘‘ because we see that a great many
objects present a certain common quality in common, such as redness,
we find it convenient to give this quality a name ; and having done
this we speak of redness in the abstract, or standing apart from
any particular object, and having made this symbolical abstraction
we can compound it with other abstractions—so that as in mathe-
matics the symbols which are employed contain, in a manipulated
form, the whole meaning of a long calculation, so in all other kindy
of reasoning the symbols which we call words contain, in an abbre-
viated form, vast bodies of signification.” The ideas contained in
words become associated in the psychical substance of the brain. It
is this principle * which renders possible all the faculties of mind,
memory, judgment, reason, volition.”’—The Nineteenth Century,
October 1878, p. 654, article on “ Animal Intelligence.”
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to corresponding visual cortical centres, and releases a
portion of their energy, producing a visual sensation
of the rose, other portions of this energy assume the
form of a memorial impression of the flower. Not
only does a rose produce these visual sensations and
impression, but its fragrance acts in the same way
on the olfactory centres; and its leaves, by touch, on

VA.

Fi6. 17.—E represents an auditory sensory organ which receives, sifts, and transmits
wave scunds to the auditory cortical centre 4, where sensori-memorial impressions
are formed in the shape of Ideas or mental images of the sounds which have
produced the sensation. These mental images may be brought into action by
various modes of stimulation, and in this form pass to B, a psychical cortical area of
nervous matter. In areas of this description, ideas become assoclated and moulded
into conscious processes, thoughts, and judgments, and as such come to play upon
the living substance of M, a motory word centre, and thus become manifest in the
action of V4, the vocal apparatus, or other groups of muscles.

the tactile centres. So that at least three mental
images of the rose, different in quality, are deposited
in the memory cells of these cortical centres. The
ganglionic cells of these centres are closely connected
by associative fibres, and having been often incited
simultaneously the three component ideas or mental
images are thus associated with one another, and
constitute the mental picture of a rose, which acts on
the nervous elements of the organ of speech and be-
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comes manifest in the expression of our ideas in the
word “rose.”

The association of ideas is therefore accomplished
by the co-operation of two kinds of impressions ; the
new sensations received from the external world, and
the mental images produced in the living substance of
memory cells. It is the re-excitation of these latent
ideas which form so important a part in intellectual
processes. To further illustrate this point Professor
Ziehen remarks—we see a dark clound, ¢.e. a stimulation
has been transmitted from the retina to the sensory
living matter of the visual cortical centre, and in
conjunction with the surrounding psychical area, has
produced a mental image or idea of a dark cloud. A
serics of related ideas are connected with this idea by
association ; for example, among th